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PREFACE

TO

FOLUMES II & III
= |

T volumes, now offered to the Public, lay down the Principles
of Fortification, and explain the nature of Military Y orks, in a
manner strictly elementary.*  No term is any where uséa, :which
has not been presiously detined, and no complex work is treated
of, until all its varjons component parts have been thoroughly
Wustrated e detail. - The perplexing mode, hitherto generally used
i this country, of giving the dimensions of works of Fortification in
foreign measwes, has been rejected ; and not only have our own
measuies imvariably been used, but English phrases have also been
adopted, as far as was practicable.  Those technical terms, used
by foern Engineers, which it was impossible to reconcile to the
idiom of our language, have been set aside, and appropriate English
evpressions substituted in their place ; excepting only in the case
of words, which by long habit have become familiar to us,and which
it might, therefore, have appearcd more pedantic to reject than to
retain. - Towill also be observed, that every point, line, and angle,
which can appear in a plan or section, and every part, however

* As many readers may wish {o provide themsclves with this Course of
Elementary Fortification, who have no oecasion for the Practical Geometry,
{ have, fof heir information, stated several things in the Preface to the
present Volumes, which were cither said or implied in Vor. L.

VoL, i1, 43



2 PREFACE.

minute, of any work of Fortification, has its own precise name
‘assigned toit; in entering into which details, 1 had in view un
ohbject, which has long appeared to me to be desirable, namely,
the establishment of a fixed Nomenclature, by means of which
the British Engineer or Militarv Officer niny make his report upon
a fortified place, without being under the uecessity of using an
vncouth and barbarous phrascology, half forelgn half Enghsh.

But the characteristic, that probably wiil be allowed peculiarly
to distinguish this work, is the perspicuity, which has been
attempted throughout. T'o former authuis on Fustitication, in
general, the remark, made by Pilutach upon the witicgs of
Aristotle, may be justly applicd ; namdly, that they can ouly serve
to adeo“ ledge or to refresh the memones of those, who
bave g}fady studied under a propear master; whereas, by having
the ;;resent work before Liim, any person of clear understunding,
who has no previous hnowledge of Fortitication whatever, may be
able to teach himeelf.

The very simple and peispicuous mode, in which the subject
bas been treated, was originadly adopted by me, with a view to
the instruction of the Nun-Coaimissiuncd Officers aud Soldiers of
the Royal Engineer Departircai, tor whose special use, the whole
of the former volume of this work, and a considerable portion
even of the present volume, were expressly wiitten*  Bat,
although such was the solc object with which 1 commenced, I
afterwards judged it expedicnt to publish the Course, in order to
perpetuate, if possible, a system, which was soon found to be of the
most essential benefit to that pecubiar branch of the service, for
which it was originally composcd ;1 and having made this decision,
I cnlarged the work o a much greater extent, than was absolutely
necessary for the above-mentioned purpose, in order to render it

* See nofe (A) at the end of the Preface.
% Sece note (B).



PREFACE. 3

more ‘complete, and more generally useful. To the British
Ofticer of Infantry, whose duty frequently requires him to aseist
in the construction of military works, who is always an esse#'“li
agent in the attack and defence of fortified places and positions,
and who, if he rises to command, may often have to decide upon
projects laid before him by the Lingineers, this book may he par-
ticularly advantageous; as it will enable him to act, on such
occasions, with greater knowledge, and consequently with greater
confidence and cfticiency. Even to the Private Gentleman, whe,
from adesire of information, aims merely at a general knowledge
of modern history, it may not be unacceptable; as it will afford
him the mcans of attaining a distinct notion of military opera-
tions, in the nairation of which, terms of Fo;ti.ﬁi‘ztion miust
accessarily be iutioduced @ nor are these terme by any meais more
difticult to be understoc.t, than those of Architecture, with which
evers peison of tolerable education is familiarly acquainted ¥
Ofticers of the Corps of Roval Engincers, and others, who have
been ¢ducated at the Military Academy at Woolwich, or at either
of the Military Colleges more recently established, will of course
find much in the present work, which to them will be entirely
superfluous, it having been written, as was before stated, with
a view to the instruction of persons, who had no previous know-
ledge of the subject. Yet I mnay venture to assert, that even the well
informed Officer will mect with many useful rules and obser-
vations, which have cither been entirely overlooked, or negligently
slurred over, or treated in an obscure and perplexed manuer, by
former authors of established reputation ; and some useful military

* For cxample, the terms, bastion, curtain, and ravelin, without which
even the Gazette account of a sicge cannot be properly understood, are by
no means more diflicult, than the architectural terms, pedestal, shaft, and
capital; afid yet there is scarcely any person so ignorant, as not to know
the precise meaning of the three lasi-mentioned words.
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works are herein described, no account of which is to be found in

:‘ap’ .other book.

- @t will be observed, that I have daviated from (what appears to

“.mhe) the very ill-judged mode, hitherto followed by several
elementary writers on this art, who, after laying down the con-
struction of five or six different systems of Fortification, give their
own opinions upon the advantages and disadvantages of each;
and so conclude, without explaining any one system in detail,
and without entering sufficiently into those fundamental rules,
which apply to works of Fortification in general, Being of opinion,
for reasons more fully stated in the body of the book, that this at-
tempt at t0oo great a multiplicity of information, tends rather to
perplex ‘?t{ tg improve a learner, 1 have, as a specimen of the
nature of a finished fortress, given the construction of one parti-
cular system only; choosinz, by way of example, that which is
usually styled the first systems of Vauban,* not as being the best,
but as being the simplest, and therefore the most convenient for an
Elementary Work. The plan, thus adopted, of course precluded
me from attempting to give any new ideas of my own, as.to the
most suitable form for the outlines of a fortress, so that whatever
value this work may be allowed to possess, must rest more upon
the plea of utility thun of originality. There is, however, one very
important part of the subject, which will be found to be treated in
a manner perfectly new. I allude to those chapters, which take
into consideration the proper strength of revetments, or retaining
walls, an investigation useful and interesting not only to the

® I make use of the cxpression “ styled,” hecause, although it passes by
the name of Vauban, who used it in the construction and repairs of a greut
number of fortresses, he has in reality copied the construction of it so very
closely from the works of former Engincers, that as far as this system is
concerncd, he has no just claim to the merit of inveation. I his second
and third systems, which are briefly noticed, but not explained in detail
in the course of the following work, Le is more original.
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military, but also to the civil Engincer, and indeed to the learned
world in general, as it has, for more than a century, engaged the

attention of eminent mathematicians. 2

It was my design, when 1 first decided upou publishing the pre~
sent work, to have added the rules usually followed in the regular
attack of fortified places, and to have illustrated them not only by
general and detailed plans and sections of the various works of a
sicge ; but also by practical details, stating the quantity of mate-
rials, the number and best arrangement of the men, and the time
requisite, for each particular operation. At the peried alluded to,
a work of this hind would have been highly useful to the Officers of
the Corps of Royal Engineers; for those, who were desirous of ac-
quiring the neeessary information, had then no means of preparing
themsches for their arduous and important duties in the feld, ex-
cepting by mere theory; and it may e observed of the foreign
books, to which they were obliged to have recourse, that crrors
are to be found n the best of them, as far as regards the prac-
tical part of Engincering, and in none of them are the whole of
the ficld dutics expluined in sufticient detail. ‘These disadvantages,
however, no longer affect the Officers of the Corps of Royal En-
ginears, in consequence of the great improvement, which was in-
troduced into that branch of his Majesty’s service, in the year 1812,
under the administration of the Earl of Mulgrave as Master-General
of the Ordnance, about a year after Licutenant-General Munn
had becn nominated to the command of the Corps. Since that
period, the Junior Ofticers of theRoyal Engineers, and all the Non-
commissioned Officers and Soldiers of the Department, in addition
to the studies requisite for their respective stations, have been dili-
gently exercised, not only in the exceution of parallels, approaches,
batterics, saps, mines, and other works of a siege ; but also in the
mancewvres of pontoons, and in the formation of military bridges
in general :* g0 that there is now no operation, which the British

* Sco note (C).
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Engineer Department can be called upon to perform, in the
face of an enemy, for which the officers and men may not, with
propriety, be said to have been previously qualified by actual
experience ;* and the kind of experience, which is thus acquired
at home, is peculiarly necessary for a Corps, whose duties are
not only of the most vital importance towards the success of
armies, but which, in a war of sieges, such as every obstinate pro-
tracted contest must necessarily lead to, are of so very hazardous a
nature, that in the common course of military events, the major
part of the officers are always likely to be killed or disabled, hefore
they can possibly have opportunities of acquiring an equal degree
of practical knowledge in the field.

Simce, son of the improved system, which has been de-
scribed, a treatise upon the attack of fortificd places is no longer
indispensably necessary for the use of the Royal Lugincer Depart-
ment, } I have given up the intention of undertuking it; although
something of this kind may so far be deemed an essential part of
Elementary Fortification, that, stricuy speaking, no work bearing
that title can be considered complete without it. Euough,
however, has been done, in the present volumiey, to qualify the
reader for improving himself by further study; for after going
through this Course, he will find no difficulty in comprehending the
works of-other writers, who have treated those parts of the subject,
which I have left untouched ; although, if he had not thus prepared
bimself, he could, as I before observed, have derived little or ne
benefit from them, tithout the assistance of a master.

& Sce note (D).
t Sec note (E).
4 Sec note (17,
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———

(A) The companies of Royal Military Artificers, as the men of the Roysl
Engineer Department were furmerly called, being 1aised by the Duke of
Richmond, at the end of the American v ar, chiefly with aview to employ them
as worhmen in the principal fortresses in the British dominions, were not
organized in such a manner as to render then also useful, in the eveut of 8
new war; and their discipline was almost entirely neglected, they being,
both by themselves, and by the officers who commanded them, cousidered
rather s civilians than as soldiers. This, I must remark, ss being onc of the
greatest and most pernicious errors, that could have been commiited ; for,
even allowing the mere execution of a cerfain quantity of labour to be the
principal ¢hiject of raising any military corps, which it ought not to be; it
will invariably be found, that, without the greatest attention fv discipline,
it will no more he possible to get a hody of soldiers to work well, than to
fight well.  1I, ou the contrary, their discipline is good, they may excel in
both ; and that is the great standard of perfection, that ought {o be kept in
view, in organizing the Fagincer Department of any army.

At first, the Rayal Military Attificers consisted of independent com-
panics, stationed at Portsmouth, Plymouth, Chatham, Dover, Gibraltar,
and other places, where works of fortification were either in progress, or
under repiir; wud the Cuptain of Engineers, commanding cach company,
had the entire charge of recruiting it, and also of discipliving or drilling his
men, as fur as hie or the scnior Lngineer at the station judged necessary—
that is to say, in most cases not at all.  This svstem, if such it could be
called, was attended with the greatest inconvenicnces and confusion; and
therefore the particular charge of recruiting fur the whole Corps, was after-
wards given to a Captain of Vngincers, who was stationed at Weolwich,
with the title of Adjutant,  On their anival at that place from the country,
the recruits were clothed, cquinped, and drifled, as infaniry soldiers, for a
certain time, under the inspection of the above-mentioned officer, who after-
wards posted them to the severa] companices at other stations, as required.
In short, they were thus pat into a state, to qualify them for joining a regi-
ment of the Line, and this was, no doubt, a great improvement upon the
former system, in which no principle of suldierlike feeling, whatsocver, had
been inculcated into them ; hut still they were left ignorant of the very im-
portant dutics which, as Engincer Soldiers, they might he called wpon to per-
form in the ficld. Tnvalids, from the varions companies abroad, and at other
stations, fvere also sent to Woolwich, previously to their being discharged ;
and thus that place became the Head Quarters, and the Depdt for recruits,
of the Royal Military Artilicers. Recently, the officer in charge of the

F
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yecruits has been called Brigade-Major, instcad of Adjutant; and, inde-
dent of his practical duties, the whole correspondence of the Corps,

relative to promotions snd transfers of individuals, movements of com-

ylpies, the circulation of general orders, &c. is carried on through him.

From the close of the American war till the year 1811, all the companies
of Royal Military Artificers were Lept permancutly fixed at their respective
stations, both at home and abroad; where they remained for life, in what-
may, for military men, be styled a state of vegelation : so that there were,
at that period, a vast number of men, who had actually grown grey in the
Carps, who had never entered a transport, nor made a single day’s march
from the Head Quarters of their company. T'o the men at Gibraltar, and
other foreigu statious, the scrvice of the Corps was thus rendered almost
eqmvalent to trausportation for life. Everywherc they intermixed with
emlmns they married in a proportion unknown in any other corps ; — so
mucb s0, that the namber of women and children belonging to one com-
pany, was often eqnal to that of a hattalion of the Line. The superior pay,
too, of the Royal Military Artificers, which in well-regulated corps, such
as IHis Majesty’s Life-Guards, &e. invariably adds to the respectability of
fbc soldicr, had of conrse the diiectly contrary effect, in a neglected one.
And in the West Indies, and at Gibralar in particalar, to all those cvils,
which, in process of time would have broken the military spirit, and ruined
the character of the hest troops that ever existed, was added a most
il‘l-judged system, of recciving volunteers from regiments of the Live
going to England ; —a system, by which the commanding ofticers of these
regiments got rid of their worst men, to the prejudiee of the Royal Engineer
Dopartment.

When any expedition was to he undertaken, the number of Royal
Military Artificers reqaited, waie, in all cases, sclected, by small detach-
ments, out of the stationary compunics ; and, as the commanding Engi-
neers at the several fixed stations were naturally averse to parting with their
best men, the detachments, thos funued for field service, were generslly
composcd of the stupidest and feast trustworthy non-commissioned officers,

dol‘ the most ignorant, profligate, and abaandoned of the privates. As

Gibraltar companics were, fiom circumstances, the worst in the Corps,
the detachments, formed from them, which went to Minorea, Sicily, and
-ot'lae"r parts of the Mediterranean, were found so very ineflicient, that the
measure of raising Maltese Artificers was resorted to. And thuas, not only
ﬁcre Maltese and Sicilians picferred to Britons, in the Mediterrancan,
for the very importanl service of the Royal Engineer Department ; but,
Jam told, that, in the West Indies, it bad actually been proposed to
employ Negroes as Engineer Soldiers.
the .year 1811, the perpicious system of sending the non-ecommmis-
W officers and men on service by small detachments, was abandoned.
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and from that time they have always moved in regular companies. The
following year, the name of the Corps was changed to the morc martial
appellation of Royal Sappers and Miuers; and an Establishment was
formed, at Chatham, for the express purpose of instructing them in the
field duties of the Royal Engineer Department, in a manner that is pare
ticularly noticed in another part of the Preface. To this Establishment
all the recruits are sent, after being kept for a certain time at Woolwich,
under the Brizade Major, where they are taught thé first elements of
military discipline, as was before stated ; an objeet which is also of great
importance. The ofticers, condacting each of these Establishments, re-
ceivo orders from, and commuuicate with, the Inspector General of Forti-
fications, who has the entire charge of the Royal Engineer Department
and thus, therc are two scparate Institutions for the practical instruction
and training of the Recruits, in one of which, they learn a part of their
duty, in the other, the remainder of it; which is not the case in any other
corps, or regiment.  'This arrangement, which originated from the peculiar
circumstances, atiendiug the first formation and progressive improvement
of the Corps, does not, by any means, appear to be advantageous to His
Majesty’s service. On the contrary, it is generally allowed, that, by
uniting the above two Establishments, or at least by carrying on all the
practical duties of hoth, in proper concert, at one and the same station,
the whole might be conducted to far greater advantage. At the same
time, some expense might be saved to Government ; aud the men would
be completed in the knowledge, both of their military and professional
duties, in a much shorter space of time, which in itsclf would, of course, be
an additional saving. In fact, there are many of the ficld dutics, which
cannot be practised to advantage, without having the use of a larger body
of recruits, than it will be practicable to collect together, whilst the two
Establishments remain divided. ‘The operations at Chatham bave often
becn puralyzed, for months, fiom this cause; and, indced, owing to the
same reason, during the pressure of the war, in the years 1812, 1813,
and 1814, scveral companies were sent from thence on fereign service, less
perfecily trained than could have been wished. If from these, or other
considerations, the union of the two Establishments, now suggested,
should ever take place, at a future period, the official correspondence rela-
live to the general duties of the Corps, which is at preseut conducted, as
was before stated, in the Brigade Major's office at Woolwich, might pro-
bably. be carricd on to most advantage in London, in the office of the
Inspector General of Fortifications, by whose immediate order, all matters,
to which the ssid correspondence applies, arc entirely regulated.

At present, itdependent of recruits, there are very few non-commissioned
officers afid privates in the Corps, who have not been trained to their field
dutics, with tho excéption of two companies at Gibraltar, and of some
incomplete companies at other stations, which are the only remnants léf
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of the Old Artificers, and wlicl, I am informed, still retain the habits and
obaracter of that body, as described in this note.  Although much has
Been done towards the improvement of the Royal Bappers and Miners,
who leave Eugland in a state of cxcellent disciplino, and with the best
oharactcr, there suil remaia very scrious defects in the organization of the
cempanies, which have a continual tendency to throw them into disorder,
and to deteriorate their chaiacter aud destroy their discipline. These
evils, the remedics to which arc of a very simple and obvious nature, will
be more fully treated of in a tutwic note.

(B) In consequence of the knowledge, thus acquired, the men, who have
been instructed according tu this systein, have heen found of the greatest
servico, not only in executing field works with greater skill and dispateh,
but also in assisting the officers of Engincers, to superintend working
pestics.  Endeed, on all accasions, in which works are carried on upon an
extensive scale, the latter is by far the most important and usetul manner,
in which the men can be employed. For exumple, no less than about
18,000 peasants and 2000 horses worked, by erder of the Duke of Welling-
#on, under the dircction of oflicers of the Royal Engineers, in improving
the defences of the frontier of the Netherlands, for some months together,
immediatcly before the great sictory of Waterlon ; and by all aceonnts, the
extensive works, then inhaund, were eomdueted with the greatest regularity
and dispatch. Naw, it may easily be coneceived, that to have directed such
a great body of workmen to proper advantage, by meaus of a few ofticers
of Enginecrs, would have been utterly impossible, but for the system
sdopted, of subdividing the various works amongst the non-commissioned
officers and privates, each of ‘whoin was made responsible for laying out
the details of his own portion, and for the direction of a party of from 20 to
100 men, or even more, according to circumstanees.  During the last year
of the Peninsular war, and in the various recent operations in Canada, the
same system had been constantly practised with equal advantage ; the non-
commissioncd officers and men of the Royal Engineer Department, who
were employed as overseers of military working parties, having on all ocea-
shous given the highest satisfaction. Nor has their superior knowledge
rendered them presumptuons or intractable : on the contrary, it s evidently
prodaced the most favourable effect upon their character and conduct; and
o far as regards personal cxertion, it iy generally allowod, that these men,
although mostly composed of Artjficers, will, with equal case to themselves,
perform nearty twice as much work, as any common working party of the
same numbers, farnishcd by other troops, who have not been previously
habituated to the-construction of ficld works.

i

£€) Torender them more expert in the last-mentioned branches of duty,
wikioch are cartied on in u part of the River Medway below Chatham,
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which is there subject to the action of the tides, and exceeds most inland

rivers in repidity, they are exercised in the operations of rowing, casting
and weighing anchors, sbeering boats by means of a current, to serve as
fiying bridgos, &c. In consequence of their contineal exertions and
experience, for more tban three years past, the manceuvres of pontoons,
and of military bridges in general, under given circumstances, have beea
reduced to a system ; and the practicability of any operation of this nature,
with certain mcans, may be calculated befureband, with a degree of
precision. Thc smaller parts of the pontoon equipage bave been improved 3
bat the pontoons themselves, being an cstablishment of cunsiderable ex-
pense, have not been altered. They are precisely the same that were
used in the time of the Duke of Marlborough, baving been, I beliovs,
copied from the Dutch pattern of those days, and as such they are best
calculated for still waters ur moderate currents. It is true, that they are
by uo mcans uantit for general service, even in their present form; but
some alteration might certainly be introduced to advantage. I am of
opinion, that the whale, or at least a part of' them, should be formed of cop-
per, as being a less perishable material than the tinned iron plate at present
used. Notwithstanding this change, their weight might probably be some-
what diminished, still leaving suflicient strengtb. Their ends should be
made pointed, instead of square, which would not only causc them te
ride a great deal easier in a rapid current, when the bridge is formed, but
would also 1ender them much more manageable in rowing, in which very
essential purpose they must ofien be employed. for example, in the
passage of the Adour, the Duke of Wellington was enabled to throw 500
men across the river, by means of his pontoons, used as row-boats, pre-
paratory to the formation of a bridge of large boats, which importast
objeet conld not have been effected, if the portable bridge equipage of
the army hid consisted of deched pontoons, or other similar expedients,
that have cither been used or recommmended, with a view to prevent military
bridges from being sunk by the extraordinary agtion of mountain rivers,
afler winter rains, or the mehiing of the snow. 1 conceive, that by the

addition of light wash boards, moveable at pleasure, which may be fixed
to the present pontoons, when requircd, so as to raise that end which is

exposcd (o the current, the water may he effectually excluded in the most

violent floods ; and that thereby the puntoon, thas medified, may be service-
able in all countries, and at all seasons, both as a row-boal, and as forming

the groundwork of an cfficient bridge.  But if, on trial, these two ohjects

caunot be reconciled, as such very violent cwrrents are not to be encountered

in all countries, the present pontoon, with a little modification, ought stil

to be retained, as the best adapted for general servive, whilst, om peculiar

oocasions, bridges of casks, that are of course incapable of being sunk

under any circumstances, may.be formed {or the passage of mountain rivers

of extreme rapidity, Sevem butts, of the sive usod as water-casks in.the
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Royal Navy, are equivalent to one large English pontoon, in the formation of
a bridge, and when put together in a peculiar way, to which the officers and
mea of the Raoyal Enginecr Department are regularly trained, they con-
stitute what is called a pier. One of these piers, although possessing equal
buoyancy, is rather lighter than the pontoon: when the casks and other
mecessary materials are Inid out loose on the bank of a river, it may be
completely put together, and launched by a small party of expert men, in
three minutes: and it may afterwards be moved in any direction by five
vowers (one of whom steers with an oar). Casks fit for forming such
bridges, are to be found in every country in great abundance, and may be
carried on the backs of mules or horses, in roads that would he impass-
able for pontoons. or other expedients that require four-wheeled carriages.
The facility wherewith the officers and men of the Royal Engincer
Department can now execute military bridges of any description, not only
with regular poutvons, but also with counury boats, casks, and a variety
of otber expedicnts, which it wonld be superfluous to mention, may, per-
kaps, justly be considered one of the greatest improvements, that has
recently been introduced into the service; for it is well known, that a few
years ago there was scarcely an officer in the British army, who knew any
thing of this important subjcet, except by theory. 1n scveral foreign
armies, it is usual to have distinct corps for the purpose, whose duty it is
to form military bridges, and nothing eolsc; but I conccive that such a
system would be entirely inapplicable to the British service. After Lord
Lynedogh (then Sir Thomas Graham) landed in Holland, at the close of
the year 1813,two young licutenants of engineers, and a company of men
who bad been trained to this duty, formed in a very expeditious mannera
bridge of country boats over the river Macrk near Zanderbuiten, which
served for the convesance of the heaviest artillery. ‘The boats were of
different shapes and sizes, collected for the occasion. The materials for
the superstructure were also of irregular scantling, and partly collected
in the ncighbourhood, partly felled on the spot. If the officers and men
employed on this service had belonged to a regular corps of Pontoneers,
they must have remained idle and uscless during the remainder of that
short campaign ; instead of which, the greater part of them were soon
after brought into action, in the attack of Bergen-op-Zoom, and afterwards
in the bombardment of Antwerp; and on the renewal of hostilities in 1815,
they were employed in fortifying the frontiers of the Netheriands. A corps
of professed Pontoncers would be entirely useless in time of peace, and in
a variety of situations, even in time of war, unless they were also made com-
petent to the performance of other duties, of a very different nature from
their own peculiar profession ; and therefore, I conceive, that the system
sow established in the British army, of calling upon the Engineer Corps
fefurnish detachments for the execution of military bridges, when required,
is’by far the best that could bave been adopted; for so long as &
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regular Pontgon Train is wanted for constant service, the parifcular com-
punics, ordeied to be attackiéd to it,may be kept permanently 8 that duty,
for any number of campaigny; and as far as skill and exertioh go, I feel
confident that the officers and men of the Royal Engineer Department may,
at this moment, enter into comnpetition with the most expert Pontoneers
of any of the Continental nations.

It is to be observed, that the advantages of the system described in the
present note were not folt doring the greater part of the Peninsular
war, as the officers and men who had been previously trained to the art
of constructing military bridges were scarcely ever employed in that peculiar
line of duty, excepting in the construction of the celebrated bridge over the
Adour, the executive part of which they performed in concert with the
Royal Navy; and on that occasion their skill and exertions, particalarly
in erossing the very dangerous har at the mouth of the river, attracted the
bighest praises from Rear Admiral Penrose, whose official letter on the
subjeet was, however, from some accident or oversight, never published at
full tength, so that tlis circumstance is not generally known to the publie,
although their number greatly excecded that of the scamen. who co-
operated with them. I made use of the expression, “ executive,” because
tke project of supporting the superstructure of that bridge by means of
hawsers, instead of baulks, according to the more common system, was,
I understand, originally sugzested by an oflicer of the Royal Staff Corps.
Baulks were, however, added, in & few weeks after the first formation
of the bridge. and they proved on trial much preferable to the former
expedicut, which ix by no means well adapted to bridges of boats, or other
floating hodies ; although it may be used to great advantage (as it had, in
fact, heen hy the same ofticer on a former occasion) in those peculiar cases,
in which the elear iutervals between the only points of support, that can
convenicntly be obtained, are of an extraordinary width or span.

(D) Owing to the very recent introduction of the system described, the
trained Sappers and Miners were pot brought forward in sufficient num-
bers, in any enterprize of importance, before the diege of St. Sebastian,
in which they distinguished themselves. At the assault of Bergen-op-Zoom,
in March 1814, the Royal 8appers and Miners, headed by a licutenant of
Engincers, cat down the palisades, crossed the ditches, planted the ladders,
and were the first troops that mounted the enemy’s ramparts. At Peronne,
a place taken by storm, after the battle of Waterloo, they also had the
honour of leading the assault. But the most remarkable instance, of the
advantages arising from having men of this description, was in the siege of
Fort Boyer, on the coast of America, which wasattacked by the British troops
after their failure before New Orleans. The first night of ‘the operations, ,
soldiers of the Line only were employed. .From a want of skill and expe-

YOL. 11, B <
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Jrienoe in the nature of the duties required em, and there being very
« few Engineer officers to direct, they colleo groups, iostead of being
spread out, as they ought to have heen. Cousequently, out of one small
party of twenty men, fourteen were hilled and wounded by a single dis-
. charge of grape shot, and such confusion cnsued, that very little progress
was made in the coursc of that night. On the sccond night of the sicge,
mine men of the Royal Sappers aud Miners were employed i addition to
. the troops of the Liue. By assistance of these fow individuals, the officers
of Engineers were enabled to regulate their working party to so much
advantage, that before morning they bad completed a paraliel of 200 yards
in extent, within 50 yards of the enemy's works, besides approaches in
advance, which being fiiled with sharpshooters, the Americans were unable
fo show themselves at their guns, aud the furt surrendered. It is proper to
explain, that, as the army sailed frum the Mississippi in divisions, the main
body of officers and men of the Royal Engincer Department. bad not arrived
- at the period of the above attack. The niue men who so parucularly dis-
tinguished themsely ¢s. happened ta ba e the spot befure the others, because,
being all carpenters by trade, they bad been lent to the Admiral for the
purpose of repairing the boats of the flect.

(E) The loss of officers of the Royal Engineers in hilied and wounded,
in proportion to the total numnber employed, in the several sicges in Spain,
was as follows. In the attack of L'urt Christoval, at the first siege of
Badajoz (the latter place itsell being merely blochaded), 5 out of 7. At
Ciudad Rodrigo, 7 out of 18. At the last siege of Dadajez, 10 out of 20,
At Burgos, 3 out of 5, and all the non-commissioned ofucers and soldiers
of the Department present. At St. Sebastian, 11 out of 18, Fur further
particulars of these operations, sce Lieut-Col, Jones's Journals of the
Sieges in Spain. In the numerous general actions and skirmishes, in
which the British Engincers have also been present, during the late wars,
their loss has been very trifling compared with the above. For example,
although 6 officers of the Royal Engineers were engaged in the battle of
Maida, and 5 served on board Lord Exmoutl’s fleet, in his late brilliant
attack on Algiers, not one out of the whole number was hurt on either of
these occasions. But the peculiarly hazardous nature of the Engineer's duty
in sieges is proved, not merely by our own military history, but also byL
that of other Europcan nations, as will be seen by referring to Alent’s
History of the Fronch Corps of Eugineers. ln the second attack of ™
Saragossa, 15 out of 27 Eungineers of the besieging army were Kkilled
and wounded ; and in the event of new wars, at least an equal proportional
.Joss of Engineer Officers is always to be expected, as & matter of course,
in every well-contested siege. Honce it may be allowed, that every pre-

-xJgtjon, that buman prudence can dietate, ought to be taken for readering
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a Corps of Ingineers effe~tive in the field; their garrison duties, although
of great importance, L.lug of a very secondary nature, compared with
those that they are ‘called upon to perform in war.

(F) A brief view of the past and present Field Establishment of the Royal
Engineer Department will show the great improvements, that have recently
takenplace in this very important branch of our national military service.

During the whole of the war, which was ternminated by the peace of
Amiens, and in the first expeditions subsequent to the renewal of bostilities,
and cven during several of the Peninsular campaigns, the officers of Engi-
neers, employed in any siege or other enterprize of importance, seldom bad
more than twenty or thirty Royal Military Artificers under their orders, and
all attempts to render these men useful were attended with disappointment,
owing to their total waut of previous instruction in the nature of the field
duties of the Department. 'The discipline of the Artificers was also, from
causes which were partly explained in a former note, much inferior to
that of other British troops ; but, Lav as they stood in public estimation, it
must be allowed, to their credit. that they always proved themselves to be
possessed of an ample share of the nativnal courage.

Independent of the difliculty, just stated, which the officers of Royal
Engineers laboured under, in not having a suflicient bady of well disciplined,
and well instructed soldiers, 1o act ander their orders, another deficiency of
a no less serious nawre affected ibe Departiment, in the total want of the
means of transport for necessary stores.  Even the pontoons, sent out with
our expeditions, were merely consigned, by order of the Board of Ordnance,
to the commanding Engineer, like other articles of store, without angy
provision of properly trained men for manocusring them, and without any
establislunent of drivers and horses for transporting them.  Consequently
in cases of emergency, cither country drivers, &e. were to be hired, and
horses bought, at a disadvantage; or men were to be borrowed from the
Iufantry, and the meaus of transport fram the Artillery or Commissariat.
These temporury expedients created the greatest confusion, and generally
tended, for the time being, merely to paralyze other important branches of
the service, without by any meaus producing proportional benefit to the
Royal Engincer Department, the oflicers of which, in conscquenec of the
imperfect systein, that bas been described, not having the requisitc means
for conducting their ardoons duties in tho field, with a fair and reasonable
prospect of success, had their bodies on all ccoasions harassed by un-
necessary fatigne, and their minds tormentad hy constant apprehensions of
the failure of every enterprize in which they werc engaged.

When the Duke of Wellington was making preparations for his late and
most glorions campaign, the experience of former defects, which bad been

. deeply foltin the Peninsular war, led to the following more perfect organisa:
B ’
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tion of the Ficld Establishment of the Royal Engineer Department.  Every
division of the army had one Engineer’s brigade attached toit; each brigade
consisting of a complete company of well-trained Sappers and Minggrs, with
drivers, borses, and waggons, camrying intrenching tools, slnz::nt to
employ a working party of 500 men, besides & proportion of Artificets’ tools,
and other Engineers’ stores. A captaiu and a ecrtain number of subaltern
oficers were attached to each brigade, and wexe responsible for the discl-
pline of the men and eflicicncy of the horses, &e. whilst the remainder of
the Buginecrs were left free for the general duties, that might be required
of them. Five companies of Rayal Sappers and Miners were employed
with the Pontoon Train, which consisted of 80 pontoons, besides store wag-
gous, 8e., and was drawn by nearly 800 horses, the whole being under the
command and charge of a brevet-majur of Engincers, ussisted by a due
propertion of captains and subalterns of the same corps.

To give an idea of the total strength of the abwve Ustablishment, 1 shall
remark, that more than 20 officers having been lott on duty in the Nether-
lands and on the frontiers, the number of Engiteer officers serving with
the army in Irance was ouly 11, They ha:l under their command
upwards of 800 Sappers and Miners, and 550 drivers, and had charge of 160
waggons (poutoon carriages included), and more than 1000 hoises. An
Assistant Ordnance Commissary with 6 clerks and 9 condurtors of stores
also served with the Enginecr Departmient, besides a proportion of Medicad
Officers ; and to each division of the Pontoon Train, were attached a smalls,
namber of Flemish scamen, accustored to nivers, and coasting navigation [
but I am informed by an officer of Engincers, who was employed in thecon- ¥
struction of two bridges, thrown over the Scine, near Paris, by order of the
Duke of Wellington, that these scamen, owing te their waut of previous train-
ing, were not by any means so serviceable as the Royal Sappers and Miners.

The Drivers were howcver the only decidedly defective part of the above
establishment.  About one third of them belonged to the Corps of Royat
Artillery Drivers, and were only transferred to the Engineer Departmnent,
a little befure the opening of the campuign.  The remainder, being men
hired for the occusion, in the ncighbourhoad of Antwerp and Brussels,
were generally iguorant of their duty, and many of them of bad character,
so that frequent desertions tuok place, However, by the great attention of
the oflicars of Engineers, the horses were kept officient and in proper con-

_dition; for as soon as any of the country drivers deserted, an eqnal number
of men of the Royal Sajners and Miners were substitufed in their place,
who, from their peculiar Labits of zeal and exertion, made no difliculty in
reconciling themsejves to the wsovel occupation of grooms and drivers.
But for this measure, & number of valuable horses must have bees ruined,
and, the Ponivon Train,as well as the Engiacers’ brigades, would by degrees
Jayg become totally unserviceable ; aud.if such was the inefiicioncy of the



NOTES TO THE PREFACE. ]

hired drivers, in so uniformly prosperous a campaign, what eould bhave been
expected from them, had the army met with any of those reverses, wlnch
are usurl in war?

1t is now generully allowed, that a body of proper Engineer Drivers -is
absolutely necessary towards the efficiency of the Departiment, there being
the strongest objection, as was before stated, to the expedient of borrowing
men from other military corps; and experience, not merely in the laté
short and brilliant campaign, but also on iany former occasions, having-
fully proved, that little or no dependence can he placed in the services -of
bired or contract drivers, particularly foreigners. The Engiueer Drivers
should furm a component part of the companies of Sappers and Miners, to
be, like them, solely commanded by officers of the Ruyal Engineers, who
sbould he heli responsible, not only for the discipline of 1he men, but likewise
for the eflicicney of the horses. It this measure were carried into effect,
the title “ Sappers and Miners,” which even at present is entirely inappli-
cable to many important duties of the men so styvled, would be still less
suitable to a corps, also containing a proportion of Drivers. It should there-
fore be abolished, and the whole of the men should be called Engineer
Soldiers, and considered an integral part of the Corps of Royal Engineers.

Although the present is certainly not the time, in which the formation
of any new military establishment can with propriefy be recommended ;
still the measure now suggested, of raising Engincer Drivers, should always
be keptin view, it beng indispensably necessary, that it should be put
1'ito immediate excecution, whenever the nation shall again be involved
in war. And in the mcan time, a great improvement might take place,
without warting for that probably remote period, by transferring the Royal
Artillery Drivers, who are at present attached to the Engineer Depart-
ment, in the British army in France, in a permanent manner, to the latter
department; which may be cflected, by allowing those men,who are in-
clined, to volunteer their services. A small expense, not excecding one
guinea per man, wmay at first be incurred by this measure, which will be "
amply repaid by the greater cflicicney of the men and horses; for as I
implied before, borrowed troops lent by one department to another, can
never enter with proper zeal into the execution of, what they must consider,
an extra and temporary duty. Jcalousies and collisions will sooner or
later take place between the officors of the two combined corps, to the pre-
Judico of the scrvice; and there are many reasons, why a department,
ampalgumated out of discordant materials, can pever be it good order.

In the ovent of Engineer Drivers being raised, in the course of a new
wan, it would not be proper to discharge the whole of them, at the termina-
tion of hostilities; because the eloments of every military body, which is
essential in ‘war, should be kept up in a certain proportion, no matter how
small, even in time of peace. In that-case, as there might not always be
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employment for the Engineer Drivers in their own peculiar line of duty,
they should be made uscful in the construction and repair of military
works, and in all such services, as are commonly performed in garrisons,
by direction of the officers of Royal Engineers; and m order to qualify
them for these Iast-mentioned duties, they should, on entering the service,
not only be taught the carc of horses, but should also receive the same
fastruction, both theoretical and practical, as the other privates.

The Engincer Drivers should be divided into Nections, or small orga-
pized bodics, each consisting of not more than twenty non-commissioned
officers and privates, to be mustered always with some company of Engi-
neers, the nume or number not only of the Company, but also of the
particular Section or Ncetions of Drivers attached to i, being specified in
the heading of the muster roll.  In all cases, the eaptain commanding the
company, and his officers, should be respunsible tor the discipline and
efficiency of the whole. In general, one section of Drivers per company of
Engincers would be sufhcient for ficld senvice, which arrmnzement would
render the Brigades quite cflective; but in the Pontoon Train, as the
vumber of Drivers would require to be nearly equal to that of the other
soldiers, it would probably be necessary to attach four sections of Diivers
to each Engincer company. ‘This would render the agmesate of the
companies rather unwicldy, not much less than 180 men, and about the
same number of horses; but when we consider, that all the troops of
Horse Artillery on the war establishient were nearly as namerous, and
yet that they have always been hept in exeelleat order, T entertain no
doubt of cqual cflicicney; since the organization 1 suggest, in regard to
the proposed Engineer Drivers, is founded on the system of that branch
of the service, which Las always given the greatest satisfaction; whilst the
very contrary system, hitherto followed, in organizing the Drivers attached
to the Foot Artillery, has been attended throuzhout the whole eourse of
1he late wars, with nothing but evil and confusion. It is true, that a con-
siderable improvement has recently been introduced in regard to the Foot
Artillery Drivers; bat even this new system alluded to, appears to me to
fall very far short of that of the Horse Artillery. In forming Engincer
Drivers, the onc or the other of the above systems will probably be imitated,
and therefore I may be pardoucd fur stating my opinion as to which of the
two ought to have the prefercnce, which otherwise 1 should not have

_presumed to do.

1shall observe, that in the above suggestion for raising Engineer Drivers,
my chicf object has been to guard agaiust their being formed into a distinet
or separate Corps, from the other soldiers of thc Department. To prevent
sven the possibility of theirbeing considered as such, which I am persuaded
“would be attended with most pernicious cflects to the service, 1 shall further
sfate my opinien, ‘that there ought to be no special Commandant, or field
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officers, attached to the Engincer Drivers in particular; that these men
should never even nominally be divided iuto Troops or large bodies; that
there should be no officers mustered as captains of troops, nor any other
commissioned stufl oflicers, nor stafl appointments whatever, to distinguish
the Drivers as a scparate establishment,

In short, they should be, as 1 «aid before, an integral part of tln
Engineer Companices, to which they are atiached, for the time being;
and my only object in recommending them to be divided into Sections
was, in order that they might always be disposable and moveable from
one company or service to another, according to the exigencies of
war; an objeet, which could not be effected without throwing them into
astate of complete coufusion and indiscipline, if they were organized in
any other manner whatever.  For every officer of experience knows, that
smaller detachments, formed out of troups or companies, always fall into
bad order; and therefure in a body of men, such as the Engineer Drivers,
who, from the nature of their service, must necessaily act in very small
numbers, it must be allowed, that the culy mode of preventing this evil,
in estublnhing such a corps, is to divide it, as 1 have suggested, into
organized bodies, cach complete in itselt, but not exceeding in number
the smallest detachment, that is likely to be required to act together. 1If
this arrangement should be canied into eflect, it will of course be under-
stood, that sxome Engineer companies may have no Drivers attached to
them, others may have one section cach, whilst others again may have
two or more sections serving with them, according to circumstances. I
shall conclude by observing, that all transfers of sections from one com-
pany to another should be avoided, except in case of absulute necessity.

With regaid to the measure above snggested, of changing the name of
the Coips of Royal Nappers aud Miners, 1 have long been convinced, that
it would be of the greatest possible henefit to His Majesty's service.  The
unfortunate system, which has hitherto prevailed for more than thirty
years, of calling the oflicers of the Royal Engineer Department by ope
name, and the soldiers whom they command by another, in imitation of
the French, was, in my opinion, the principal cause of the acknowledged
indiscipliue and irregularity of the old Military Artificers, and has been one
of the chief obstacles to the improvement of the Royal Sappers and Miners.
Even if experience had not proved, in the strongest manuer, what I now
asscrt, it might casily be conceived, on a litile reflection, that any dis-
tinction, although only in name, which tends to disunite officers and their
soldiers, cannot but fail to be highly pernicions to the reputation and
officicney of the whole, Tor when the former are known by obe name,
and the latter by another, the fame arising from their mutual exertions is
necessarily divided, and therefore diminished ; and in case the discipline
and comforts of the men should be neglected, which is much more likely to
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bappen under this system than under auy other, the disgrace will wnost
wmjustly fall solely upon the soldiers, who, as a body, bave not the puwer
of improving or organizing themselves, instead of being attached, as it
ought to be, to the oflicers who command them. If we duly weigh this
most serious disadvantage, under which the present Royal Sappers and
Miners labour, and take further into consideration, that it has hitherto
often been their hard fate to bave a total change of captains of com-
panies every two or three months; the cxeellent character which
they possess as a corps, under such very unfuvourable circumnstauces,
must be allowed to do them the highest bonour.  If these evils, which
affect no other regiment in His Majesty's service, were removed, 1 feel
persuaded, that the Non-commissivned Ofticers aud Noldiers of the Royal
Engineer Department, as they ure now the most intelligent, would also be
considered the most uselul and respectable budy of traops in the world.

The mcasure, necessary tor completing the proper orgamzation of the
Corps in general, is to attach one captain and two licutenants of Lugineers
1o each company, whe shail, under all eircamstaices, move wath thew respee-
tive compauics, and remain with them until promoteds. The campanes of
the Pontoon Train ouly, as heinz more numerous than the others, ought to
bave three Licutcuants of Engineers attached to cach. Lias the common
opinion, that tie junior sceond captams of the Corps of Royal Engimceers
should bave the command of companies i prewivuce to seeor second
captains or first captaius, the former anangement being by far the hest
adapted for the general service of the Corps in actne wate, and there-
fore the one which might on that ground be vith mest propnety adupted,
even in time of peace or in ganisons. Vhe roasen, which may perhaps
appear sufliciently obvious, is as «wllowa. 11 is weli hnowa that the duties
of the commanding Eugiveer, seiving with a division ol an army in the
field, who is usually a first captain in the Corps, ate so very important and
extensive, that they, at all times and under all civeens tanees, e suflicient
to cogross the whole of his attention; so that if the command and charge
of a company of soldiers is also made to devolve upon him; s no iudividual,
bowever zealons and indefatigable, can poifora impossibilities), the unfor-
tanatc company, of which he is the nominal captain, must necessarily be
meglected. The second Engincer of the division, on the contiary, not
baving, like the former, the general charge of a departinent, has it in his
power, if placed at the head of a company, to pay every atteution to the
“men under his command. At the sume time, it is to be observed, that the
regimental duties, thus imposed npon him, will by no means prevent
bim from baving opportunitics of distinguishing himself’ as an Engineer.

For in sicges, and in all other operations of peculiur danger and difliculty,

such as arc likely, if successfully executed, to add to the credit of the
Corps, the Engineer Soldiers with the Officers, who arc in the immediate
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eommand of them, must, of necessity, always be brought into action in
the most conspicuous and imporfant situations.

Although, thercfore, it may be of small importance, whether the com-
wmand of Engincer companies is given to first or second captains, so long
as they remain stationary in garrisons; stifl I conceive, that it would be
dangerous, and eventually pernicious to his Majesty’s service, to adopt the
former arrangement, even in time of peace. Yor the experience acquired
in war is soon forgotten, unless the fruits of it are embodied in permanent
institutions, so that if first captains of Engineers are appointed to the
command of companies at the present moment, it is not likely that a
diffierent arrangement would be adopted, or even thought of, in case of a
new war, at some future period; and therefore the moment that a British
army shall again take the fickd, that is to say, at the timne, of all others,
when the good of the service requires. that the discipline and eomforts of
military men shonld be watched over with the greatest zeal and attention ;
the non-commissioned  ofticers and  soldiers of the Royal Engineer
Departinent would onee more he almost totally neglected, as they were
in general, owing to the same cause, during the whole of the Peninsular
war, u thine, which I do not seruple 1o assert, for it is proper that the truth
sbould he haown, the more especially as the evil arose entirely from the
defective natare of the system followed; and no blame whatcver can be
imputed to the individual oflicers then in cominand of companies. Having
now discussed most of the other points, which appear essential towards
the more perfeet oiganization of the Royal Engincer Department, I shall
conclude by observing, that the class of officers, called Sub-licutenants,
who are raised from the ranks, one to each company, ought to be abolished ;
for mauv stiong reasons, which I shall not enterinto at large.  Suflice it to
say, that although the individuals selected have always been chosen on
account of their merit, und some of them bave distinguished themselves
afternards as commissioned officers, still it mast be allowed, that the
expericnee of ten years has fully proved, that none of the advantages ex-
peeted from this measure have been realized: on the contrary, it has mate-
rially conduced to retard the improvement, and to injure the reputation and
efliciency of the Corps.  Some other means shonld therefore be adopted of
rewarding the most descrving non-cofipissioned officers, which might be
done with much less expense 1o the country, and at the same time more
to the comfurt and satisfaction of the individuals themselves, who, to my
certain knowledge, hiave more often been involved in diffitulties and distress,
than really benefited, by the change.

In recruiting the Corps, the greatest attention should always be paid
to character; for an idle or profligatc man, who might be rendered
serviceable in a regiment of the Line, is literally useless in the Royal
Engincer Department; and no volunieers from the militia, nor any
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discharged men from other regiments or corps, should on any acconnt be
iinlisted ; for it may easily be conceived, that men, who have heen accustomed
for years to the less laborious duty of mounting guards, and attending parades
and occasional drills, can scldom be thoroughly reconciled to those steady
kabits of continual personal exertion, which are required of a soldier in
the Engineer Department.  Accordingly, it has been remarked. that young
recruits, who never served before, have generally proved more intelligent
and more regular in their conduct, and have apparently taken much more
pleasure and pride in their pecaliar duty, than volunteers from other regi-
ments, of whom there is also a considerable proportion in the Corps. Con-
sidering, moreover, the great shill and zeal which are indispensably
meccssary, and the peculiarly hazardous and sometimes confidential nature
of their dutics, no foreiguers ought, on any account, to be inlisted as
Engineer Soldiers; nor should any forcign companies in future be raised.
Out of three Maltese companics that were embodicd about the year 1805,
a8 alluded to in a former note, two have been already dishanded ; apd it is
%0 be presumed, that the reduction of the third will soon follow.

It is proper to explain, thatin the various suggestions contained in this
wote for the further improvement of the Department, in which T have the
Bonour of serving, I lay little or o claim to the merit of originality, exeept-
ing in the proposal for calling not only the oflicers, but alsv the non-com-
missioned ofticers and soldiers of the Departinent, by the general title of
Royal Engincers. Al the other points treated of have, for a great number
of years, been the topic of constant discussion amongst the officers of the
Corps ; and although opinions may vary as to details, yet the propriety of most
of the general principles, that have been advanced, is now universally
acknowledged; particularly as far as regards the necessity of raising Engi-
meer Drivers, and of attaching a due proportion of oflicers, in a permanent
manner, to the existing companies.  lndced, 1 know, that hoth of
these important measures have been sanctioned by the highest authorities
in the Corps of Royal Engincers, and the latter in particnlar is even said
to be, at this moment, under ofticial consideration; so that there is some
prospect of its being soon carried into eflect, the more especially, as not-
withstanding the vast advantages, which must necessarily result fromit, the
execution of it will be a matter of merc arrangement, not imvolving any
expense whatever to the country. I may conclude by observing, that I

_bave not been biassed, in auy thing that I have said, by the customs or
institations of any foreign nation, a blind imitation of which, in military
sffairs, has always appeared to e a matter to be higbly deprecated. At
Seast, so far as regards the very important field dutics, at present executed
by the Royal Engincer Department in the British service, I feel persuaded,
that an exact copy of either the Irench or Austrian system, &c. of perform-
jog the same duties, would leud to a perfect chnos.
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DIRECTIONS TO THE BINDER.

The Five Plates are to be placed at the end of Vol. I1.

In folding Plate V, the upper part of the plate must first be
doubled down.

The latter part of the Work, from Chap. XVII, inclsive, will
form Vol. 111.



- \\(
Z
-

LIBRARY |
COURSE 1859 /4

OF

ELEMENTARY FORTIFICATION,
: &c.

THE following Course of Elementary Fortification may be
conducted in the same manner, as the Practical Geomeiry, &c.
contained in the first volume.

After ébery paragraph is read or "ezplained, and the operations
therein prescribed are performed, the Learner ought to write
successively all those words or phrases, contained in it, which aré
printed in capitals, before he proceeds to a new paragraph.

By this means, after going through every chapter, he will have
before him a collection of all the definitions or technical terms,
that have been treated of in that portion of the work. He should
then lay aside the book, and read over what he has written. If
he finds that he understands the whole of his terms, and that he
can readily point out, on the corresponding plan, section, or other
Jigure, such lines, angles, &c. as are denoted by them, he may
then proceed to another chapter : but if' he be deficient in respect to
any of the'terms, he should refer again to the book, and make .
himself master of the whole of them before he goes farther. :

Inlike manner, after drawing the plans, sections, 07‘0‘@")?8,"";‘
of fortification, contained in any part of this work, ke ?&M o
examine himself in respect to the lines, arigles, &c. therein delineuted. °

VOL. 11, B
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*« Each of these has its distinct name, which is regularly explained.
If therefore, on inspecting his figures, he meets with any line or
. angle, the name of which he cannot recollect, he ought to return
to: the same chapter, and peruse it again uith greater attention
before he proceeds to another.

The above remarks are intended chiefly for the guidance of
those who may commence studying this Course without the assist-

ance of a master. In teaching others, the directions given
in Vol. 1. at the conclusion of the Course of Practical Geometry,

should be adhered to.

CHAP. I.

PRELIMINARY DEFINITIONS,.

]
ForTiricaTiON is the art of constructing military works,
whether offensive or defensive.

. OFFENSIVE FORTIFICATION comprehends the various works,
which are necessary for forwarding the operations of a besieging
army. :

DEPENSIVE FPORTITICATION comprehends such works, as
are calculated to enable a body of men, to defend themselves
against a greater number.

Defensive fortification may consist either of permanent or tem-
porary works.

PgrMANENT WORKS comprehend fortresses erected for the
protection of cities, towns, naval and military arsenals; or for the
purpose of occupying important roads, passes, or positions, which,
if left open, would be favourable to the operations of sn enemy.

+  Permaneut works are either built of masonry, or otherwise con-
structed in & substantial durable manner, as is implied by their name.
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The art of constructing works of this description is cllled
PERMANENT FORTIFICATION.

TEMPORARY WORKS OR FIELD WORKS comprehend such
works as are thrown up in haste, during a campaign, to strengthen
the position of an army, corps, or detachment.

The art of constructing such works is called FIELD FORTIFI-
CATION,

Permanent works are inclosed all round ; and from the strength
of the oubstacles, which they oppose to an enemy, are such as
camot be taken without a regular siege, provided that they are
furnished with a proper garrison and stores.

Field works, being generally intended to strengthen the position
of troopsrdrawn up in order of baule, are often left open or
defenceless in rear; and from the hasty nature of their construction,
they are frequently liable to be taken by storm.

1

The study of fortification is usually dmded pto two distinet
branches, elementary and practical.

ELEMENTARY FORTIFICATION teaches the method of
planning a fortress according to certain rules, proportions and
dimensions ; besides which it also includes the art of planning the
operations of a siege.

PRACTICAL FORTIFICATION teaches the nature and use
of the various materials and implements used in construéting
works, together with the quantity of each kind, that will be
necessary : also the number of workmen required, and the best
mode of distributing and directing them: lastly to calculate the
probable expense of a work, and the time hkely to be reglul%d in
finishing it with certain means. . _ v

*

'Y ’ ‘
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» In short: Elementary Fortification includes every particular

‘gelative to the plan of works; whilst Practical Fortification eme
‘braces all details respecting the execution of them. The former
Péanch requires more talent, but both are so intimately con-
dbtted, that an Engineer cannot hope to succeed in planuing
‘works to advantage, without a knowledge of the executive part.

- In order to simplify the study of Fortification, it is always
supposed, in the first instance, that the place to be fortified is
“situated on a level plain; in which case, it will be.evident, that
the works ought to be of the same strength all round, and disposed
according to some general and uniform plan.

A place thus fortified is called A BEGULAR FORTRESS.

CHAP. 11.
" OF THE OUTLINE OF A REGULAR FORTRESS.

A regular fortress is inclosed all round by a continued waLL
OR RAMPARY. .

THE INCLOSING WALL OR RAMPART OF A FORTRESS is
i’llot built in a circular form, or according to any continued
curved line; but is usually censtructed with angular or projecting
parts, at certain intervals.

‘These projecting parts are called BAsTIONS.

'.[Jle bastions, or projecting parts of the walls of a regular
iortreu, sre joined by other more retired portions, laid out in

right lines.

'.l’imorembdmdnghﬂmedpoﬁomofthewdh of a regular
erecalldcurmn



THE OUTLINE EXPLAINED. s

The outline of a regular fortress is, therefore, composed,
partly of bastions, and partly of curtains.

I shall now teach you to draw a bastion.

The plan of a bastion is traced by four right lines joined
together; of which two are called Faces, and two are called
FLANKS.

Drawa right line perpendicularly, that is to say, in
a direction from the top towards the bottom of your ,
paper, toreprescut THE LEFT FLANK OF A BASTION.

towards the right, and so as to form an obtuse angle

Draw a second line from the top of the former (
with it.

This second lLine is to represent THE LEFT FACE OF THE
BASTION.

From the extremity of the left face of your
bastion diaw another line, also towards the right, so /\
as to form a right angle unearly.

This third line is to represent THE RIGHT FACE OF THE
BASTION,

From the extremity of the right face of your
bastion, druw another right line downwards. ,/\

This last drawn line will represent THE RIGHT FLANK OF
THE BASTION, which is therefore complete.

Draw a second bastion, similar to the

first, a little ta the right of it, and lower
down your paper.
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Join the lower extremities of the /\
opposite flanks of your two bastions ”\
4

by a right hne.

* The last diawn line 13 called A cURTAIN, as was be&
mentioned.

Draw a third bastion to the left of the former, also a lttle
lowe: than the fiist drawn bastion.

N
Draw a curtam to con- ( ‘
vect it with the adjommmg [/ ~ - Ve "\\
bastion. /\

What you have now drawn represents part of the outline of a
fortified place, and, 1t must be ewvident, that by adding more
bastions and curtams, you might produce the nght and left ex-
tremities of your figure, until they met each other, <o s to
inclose a space, such as would be contamned withm the w# of

a fortress. ‘

All the angles in the outhne of a fortficd place have therr
perticular names.

‘T'he angle, furmed by the two faces of any bastion, 15 called
THE SALIENT ANGLE OF THE BASTION.

Mark the salient angle )
of your center bastion by \\/’
« small arc.

The angular point of the salient angle of a bastion is some-
umes simply called THE POINT OF THE BASTION.



THE OUTLINE EXPLAINED. 7

The angle, formed by a flak and a face of any bastion, is
ealled THE ANGLE OF THE SHOULDER.

Mark the angles of the A
shoulder of your right and /'~ - - F‘}

left bastions. Q

The angular points of the last-mentioned angles are sometimes
simply called THE SHOULDERS OF THE BASTION,

Consequently there is THE RIGHT SHOULDER OF A BAS~
TION, and THE LEFT SHOULDER OF A BASTION.

The angle, formed by the flank of any bastion and an adjoining
cur;:in, is called THE ANGLE OF THE FLANK.

Mark the angles of the ,fi/ b —
flank of your center bastion. [ﬁt\/’ ‘\q
Rub out your marks.
In addition to  the lines shown in your present figure, it is con-
venient, in drawing the outline of a regular fortress, to use a

number of other lines, which do not actually appear on the ground
when the work is finished.

These imaginary lines are drawn in pencil in Constructing the
plan of a fortress. Afterwards, in penning it with ink, they are
either rubbed out or dotted.

A line supposed to be drawn between the two angles of the
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flank of any bastion, so as to inclose it in rear, is called THI
GORGE OF THE BASTION.

Draw a dotted line to
represent the gorge of your
. center bastion.

The gorge of a bastion is sometimes also called Tne rE
WRRSE OF THE BASTION: and in general the reverse of any
work whatever signities the rear of it.

* A line, drawn through the salient angle of any bastion so as tc
bisect it, is called THE CAPITAL OF THE BASTION.

Draw a dotted line to
represent the capital of your
center bastion.

Rub out the gorge of
your center bastion, leaving
the capital.

: THE DEMIGORGES OF A BASTION are formed by pro-
ducing the adjoining curtains, until they meet the capital of the
“bastion.

Draw the left demigorge
of your center bastion.

-
R 3

Y

:

" ADrmw the right demigorge

v
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Rub out the demigorges

of your center bastion:

And draw the capitals
of the right and left bastions
of your figure.

The capital of a bastion divides it into two equal parts, wlncll
are called DEMIBASTIONS OR HALF BASTIONS.

A FRONT OF FORTIFICATION consists of any two oppo-
site demibastions, and one curtain, namely that which lLies
between them.

Rub out the left face and left
flank of your left bastion, and the
right face and right flank of your
right bastion.

Two fronts of fortification now remain.

Rub out one of them.

One front only now remains, consisting of two demibastions,

and one curtain, as was before explained.

The continued wall or ramput, which incleses a regular
fortress all round, forms what is called THRE BODY OF TRE
PLACE, OR MAIN INCLOSURE.

The body of the place is surrounded by a dnteh,wlnehi!eﬂlﬂl
THE PRINCIPAL OR MAIN DITCH OF THE !OITKBII.
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In fortification, the interior side of any ‘ditch, that is to say,
*that side or boundary of it, which is nearest to the center of the
fortress, is called THE scARP.

But the exterior side of a ditch, that is to say, that side or
~boundary of it, which is nearest to the ‘couutry, is called Tue
- COUNTERSCARP.

Small works, called TENAILS, are usually constructed in the
main ditch of a fortress, in front of, and near to, the curtains of
the body of the place.

A tenail consists of two faces, which form an obtuse angle in-
wards, or towards the center of the fortress.

Draw two lines, forming an obtuse angle
downwards, to represent the RIGHT AND LEFT
FACES OF A TENAIL.

A tenail has two demigorges in rear of and parallel to the
faces.

Draw two lines near the former, below them,
and parallel to them, and of the samc length ~ -
nearly, to represent THE DEMIGORGES OF ~L T
THE TENAIL.

Join the opposite ends of these parallels by [ ]
' right lines.

“The last drawn lines form what are called THE EXTREMITIES
OF THE TENAIL.

Your tensil is now complete. It has two faces, two demi-

mu and two extremities.
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The angle formed by the two faces is called THE REENTER-
ING ANGLE OF THE TENAIL: and, generally speaking, all-
angles, in fortification, which point inwards or towards the cen-
ter of the fortress, are called reentering angles.

Sometimes the faces of a tenail are not produced until they
meet, but are joined by a third line, which is called THE cuRTAIN
OF THE TENAIL.

[ 4

Draw the front of a new tenail, with two ~___~—

faces and a curtain.

Draw lines parallel to and in rear of the

former, to represent the reverse of your new v

tenail.

Draw the extremities of your new tenail. V

The tenail, which you have now drawn, is called A TENAIL
WITH A CURTAIN.

A tenail with two faces only, such as you drew before, is called
A SIMPLE TENAIL.

Besides the tenail, there arc usually some detached works,
advanced beyond the main ditch of a fortress, which, from that
circumstance, are called ouTWORKS.

The most simple and common kind of outwork in use is called
A RAVELIN.

A ravelin has two faces forming an angle outwards, or tovmds:
the country.



A% ELEMENTARY FORTIFICATION. cuAP.N.

Draw two lines forming an angle upwards, to
Wpresent THE RIGHT AND LEFT FACES OF A /\

RAVELIN.

The angle, formed by the two faces of a ravelin, is called Tur
SALIENT ANGLE OF THE RAVELIN: and generally speaking,
all angles in fortification, which point outwaids or towards the
country, are called salient angles.

The angular point of the salient angle of the ravelin is also
called the POINT OF THE RAVELIN,

In addition to its two faces, the ravelin has also two demigorges,
which form a reentering angle, that is to say an angle pointing
inwards, as was before explamed.

Draw two lines to represent THE RIGH? AND \\
LEFT DEMIGORGES OF THE RAVELIN. /

THE CAPITAL OF A RAVELIN is an imaginary line sup-
posed to bisect it, and passing through the salient angle.

Draw a dotted line to represent the capital of | \
your savelin. , \

It is to be observed that the term “ capital” is not confined to
bastions and ravelins only : it may also be applied to other works
of fortification, and always signifies an imaginary line; passing
w the salient angle of a work, and bisecting or nearly

it
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In like manner, the terms “ gorge” and “ demigorges,” may be ep-
plied to other works of fortification, besides those which have been
above described ; it being observed, that they always siguify lines,
which are supposed to inclose the work in rear or in reverse. -

The ravelin, which you have just drawn, is called A siMPLE
RAVELIN. .

Sometimes the two demigorges of a ravelin are not produced
till they meet; but the reentering angle is cut off by a right line
perpendicular to the capital.

Draw a right line accordingly to cut off the reen-
tering angle of your present ravelin.

-

Rub out the superfluous parts of your former
demigorges: rub out also the capital of your rave-
lin: and the ravelin will be complete in its new
form.

The last drawn lne is called THE BREAK AT THE GORGE
OF THE RAVELIN.

Sometimes a ravelin has small flanks, which are made parallel
to the capital or nearly so.

Draw two lines, accordingly, to represent the
flanks of your ravelin.

Rub out those lines of your present figure, which
will become superfluous after the flanks are drawn.

The figure of A4 RAVELIN WITH FLANKS is now complete.



14 ELEMENTARY FORTIFICATION.  cuap. 11
Ravelins without flanks are esteemed the best.

The ravelins of a fortress are always placed before the curtains,
and beyond the main-ditch ; consequently they stand immediately
in front of the tenails.

In a regular fortress, there is not only the main ditch surrounding
the body of the place ; but there are also ditches in fiont of the
ravelins and other outworks,

The ramparts of the body of the place are usually raised
"higher than those of the outworks; and the main ditch 1s in like
manner almost always broader, and sometunes deeper than Tue
DITCHES OF THE OUTWORKS.

Beyond the ditches of a fortress, there is usually a nuow space
leftall round, which agrees with the natwal level of the ongwal
ground nearly.

This space is called Tnr covrRrLD waY.

Tmmediately bevond the covered way the earth is raised to such
a Lieight as to protect a man standing in it (that is to say in the
covered way) against distaut shot fired from the country.

This elevated part in front of the covered way is called ThE
GLACIS.

The glacis, which is higher than the natural level of the ground
on one side, falls off with a gradual slope towards the country on

“the other side, until it meets the said ground level. /

To recapitulate : a regular fortress has walls or ramparts, and
ditches. There are the ramparts of the body of the place, and the
swmpartd of the ountworks. In like manner there is the main ditch,
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that is to say the ditch of the body of the place, and the ditches
of the outworks. Beyond the ditches is the covered way; and
lastly the glacis.

The nature of these works will best be understood, from the
consideration of their section or profile, which I shall next proceed
to explain.

CIIAP. 111

OF THE SECTION OR PROFILE OF THE VARIOUS PARTS
OF A TORTRESS.

The first line drawn in cvery section or profile is the ground
line, which is intended to represent the natural surface of the

ground, upon which the fortress is constructed.
In the section of a regular fortress, this line is always supposed
to be perfectly level, or horizontal,

Draw a line across your paper to represent THE GROUND LINE
of your section. ‘

In the section of cvery regular wark, there is the rampart, ditch,
covered way, and glacis.

The rampart has an inside, a terreplein, a parapet, and a
scarp.

* The {nside or back of the rampart, being generally of earth,
has a slope, which is called THE INTERIOR SLOPE OF TME
RAMPART.
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-The intefior slope of the rampart has a base and a height.

Mark the base of the interior slope, upon your ground line, by
two points.

- - ————a e = o st i .

>

Represent the height of your interior slope by a perpendicufar
raised above the ground line, from the second point.

Draw an oblique line between the first point and the top of the
above perpendicular.

A

The line last drawn represents the interior slope of your rampart.

The terreplein is the level part or terrace of the rampart, upon
which the guns and mortars, destined for the defence of the

fertress, are placed.
It commences immediately in front of the interior slope of the

rampart.
" Mark the extent of the base of your terreplein, upon the ground
line, by a point.

A

’l‘oeevuphinumadeu litle higher in front than in rear, to
Mmmfmlodgm(upmu.
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Represent the height of your terreplein in front, by raising a
perpendicular from the above point.

A 1

Draw aright line, connecting the top of this perpendicular, and
that of the interior slope of the rampart.

/ i
7 i
/ i

N

The last drawn line will represent THe TERREPLEIN of your
rampart.

THE PARAPET is a breast work, constructed upon the front
of the rampart, and raiscd to a certain height, to protect the
men and guns, placed upon the terreplein, against an enemy’s
fire.

The parapet has an inside, a top, and an outside.

The inside of the parapet generally has a slope, which is called
the interior slope of the parapet.

Represent the height of your parapet above the front of the
terreplein, by a vertical line; or, in other words, one which is
perpendicular to the ground line of your figure.

This is done by producing upwards that perpendicular, which
shows the height of the terreplein in front.
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Represent the base of the interior slope of your parapet, by
marking a poiut upon the terrepleiu, at a short distance in rear of
the last drawn line.

Draw THE INTERIOR SLOPE OF THE PARAPET.

/

The top of the interior slope of the parapet is called the
interior crest of the parapet.

SE—

Sometimes it is simply called THE CREST OF THE PARAPET.

From the crest of the parapet draw « horizontal line, outwards,
to represent the thickness of the parapet at top; it being of course
understood, from what was said hefore, that every horizontal line,
in the section of a regular fortress, is supposed to be parallel to
the ground line.

The top of the parapet has a gentle slope from the crest dowu-
wards, which is called the supcrior slope.

Represent the height of the superior slope of the parapet by
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dropping a perpendicular from the extremity of the last drawn
line.
1

The height of the superior slope of the parapet is also called
THE DIP OF THE PARAPET.

Draw THE sUPERIOR sLOPE OF THE PARAPET.

The outside of the parapet has a slope which is called the ex-
terior slope of the parapet.

Produce the dip of the parapet downwards to a certain extent,
to represent the height of the exterior slope of the parapet.

'ﬁ

From the foot of this produced line, draw a horizontal line,
outwards, to represent the base of the exterior slope of the

parapet.

41

c?
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Draw THE EXTERIOR SLOPE OF THE PARAPET.

On that part of the terreplein, which is immediately behind the
parapet, there may either be gun and mortar batteries, or a ban-
quette.

THE BANQUETTE is a foot hank for the troops to stand upon,
when they fire over the parapet with small arms.

Represent the level of the banquette by marking a point, on
the interior slope of the parapet.

I

From this point draw a line backwards, which may be horizon-

tal or nearly so; in order to represent the breadth of the banquette.

O

This line 15 called THE TREAD OF THE BANQUETTE.
Represent the height of the banquette in rear by a vertical line.
=3

N
-
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The banquette has a slope in rear.

Mark the extent of the base of this slope, upon the terreplein,
by a point.

AT

Draw THE SLOPE OF THE BANQUETTE.

Those lines in your figure, which represent the base or height
of any slope, are all imaginary lines, which in a finished section

would cither be rubbed out or dotted.

Part of the terreplein, and of the interior slope of the parapet,
also hecome imaginary lines, in a section, after the banquette is

drawun.

Rub out all the imaginary lines in your present figure, excepting
the ground line, which is necessary for our further operations.

Here it may be observed, that in drawing sections or plans of
works of fortification, it ts seldom usual to rub out any of the
imaginary lines, which are useful in the construction, until the
whole of the outline is finished in pencil.

In this book a different system is followed, a part of the
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tmaginary lines being generally rubbed out, before the whole of

any proposed figure is completed. This hus been done for the sake
of clearness.

I before stated that the top of the interior slope of the parapet,
which is the highest 1idge of it, is called THE INTERIOR CREST
OF THE PARAPET.

In like manner, the top of the exterior slope of the parapet,
1s called THE EXTERIOR CREST OF THE PARAPET.

A parapet therefore has two crests or ridges.

But whenever the term ¢ crest of a parapet” is used without
particularly specifying which of the two, the interior crest of the
parapet is always to be understood, as may be inferred from what
was before observed; it being the highest and most conspicuous
ridge.

The outside or front of the rampart is called THE scarp.
The scarp may cither be REVETED or not.

When the scarp is said to be reveted, it implies that it is faced
with masonry or brickwork; and the wall, which is built for that
purpose, is called THE SCARP REVETMENT.

Between the foot of the exterior slope of the parapet and the
front of the revetment, a small margin or level space is geuerally
left, which is called a berm.

Draw a horizontal line ontwards to represent THE BLERM,
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From the extremity of the berm, drop a perpendicular, inter-
secting the ground line, in order to represent the height of the
scarp revetment.

This being the principal perpendicular in the scarp, is called
THE sCARP LINE. It is supposed to terminate on the same
level with the bottom of the ditch.

Draw a horizontal line, outwards, from the foot of the scarp
revetment, to represent the level of the ditch.

et

L

The scarp revetment has a slope.

Mark the extent of the base of this slope upon the last drawn
horizoutal line.




7 ELEMENTARY FORTIFICATION. cuar. 1.

‘Draw THE SLOPE OF THE SCARP REVETMENT.

panih
N

'The scarp revetment has an offset as its foundation.

Mark THE OFFSET.

L
Draw a line to shew the depth of THE FouNpATION
OF THE SCARP REVETMENT, by dropping a perpendicular from

the extremity of the offset.

e
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Draw a horizontal line to represent the bottom of the foun-

dation.

s 0
-

—

Draw also a horizontal line to represent the top of the scarp
revetment, part of which will agree with the berm.

i
I

Draw a vertical line to represent the back of the scarp revet-
ment.

/_/J\\
N

The scarp revetment usually has A corpon.

.

The cordon is an upper course of cut stone, projecting a little
beyond the rest of the wall, in a semicircular form.
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Mark the height of the cordon, upon the scarp ling produced
upwards.

Draw the front of the cordon, by describing a semicircle upon
the above produced line.

]

Draw the top of the cordon: and rub out the lower part of the
exterior slope of the parapet, if it iuterferes with the cordon.

L F
[




THE SECTION EXPLAINED. 27

Draw the back of the cordon, which we shall suppose not
to extend quite so far as the back of the revetment.

Rub out the imaginary lines in your cordon and scarp revet-
ment.

-/

—

Vo

S ——

It is to be observed, that that course of masonry which forms
the cordon, is not always built in the manner represented in your
present figure, but is often made to extend as far back as the rest
of the revetment, and the latter is of course the strongest method.

At the back of the revetment, there are generally COUNTERFORTS
OR BUTTRESSES to strengthen it, built at certain intervals from
cach other.

The counterforts arc not always made quite so high as the revet-
went. -
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Mark a point upon the back of the revetmen:, adittle lower
than the top of it, to shew the height of the counterfort.

el
o\

Draw the top of the counterfort.

}
|

I

Draw the back of the counterfort.

M
o\

Draw the bottom of the counterfort, by producing, backwards,
the bottom of the foundation of the revetment.

M
\__ :
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Mark a point on your ground line to shew the breadth of the

ditch.
—f‘:‘\
It was before explained that the interior side of the ditch, in for-

tification, is called the scarp; and that the exterior side of it is
called the counterscarp.

Represent the height of the counterscarp by dropping a perpen-
dicular, from the point last marked, to meet the bottom of the ditch.

ST

e
|

L
1

AN

P \
o

\
A

This perpendicular in the section, agrees with the counterscarp
line in the plan of a fortress.

.
The counterscarp has also a revetment, similar to the scarp
revetment, which you have just drawn.

Mark the extent of the base of the slope of THE touNTER-
SCARP REVETMENT by a point.

ST

.
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Draw the slope of the counterscarp revetment.

amiita
]

Mark the offset of the counterscarp revetment.

o
Lo

Draw a line to show the depth of the foundation of the counter-
ecarp revetment.

s
Draw the bottom of the foundation of the counterscarp revet-
tent.

ﬂ

B

=Y
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Mark the thickness of the counterscarp revetment at top.

Vo4

Draw the back of the counterscarp revetment.

yanlinn
-

Rub out superfluous lines in your counterscarp revetment.

P
I/

‘The counterscarp revetment usually has a coping, or upper.
course of cut stone projecting a little beyond the rest of the wall.

THE COPING OF THE COUNTERSCARP projects or over-
hangs about six inches in a rectangalar form.
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Mark the height of the coping upon the slope of - the counter-
scarp revetment, a little below the ground line.

P

Mark the projection of the coping on the ground line.

Draw the bottom of the coping.

/M
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Rub out that part of your original counterscarp revetment,
which becomes superfluous after the coping is drawn.

Sometimes the coping does not extend the whole breadth
of the revetment. lLet us suppose this to be the case in the
present instance.

Draw the back of the new coping at a little distance from the
back of the revetment.

U

/ o .

Rub out that part of the revetment, which now becomes su-
perfluous.

—

VOL, 11,
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‘The counterscarp revetment may be strengthened by counterforts
or buttresses, which are similar to those of the scarp.

Draw a rectangle to represent a COUNTERFORT OF THE
COUNTERSCARP, making the top of it a little lower than that of
the revetment, which it is intended to strengthen.

[ 1
5 "\ / l '
L—Ll _ “':n - P — H

b —

Mark the breadth of your covered way upon the ground line, by
a point.

The covered way usually has a gentle slope from front to rear
to carry off rain water.

From the point, which shows the extent of your covered way,

raise a short perpendicular to represent the height of the said
slope.
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Draw THE SLOPE OF THE COVERED WAY, and raise the
top of the coping a little, so as to agree with the slope.

f—
-— /—( - -
s — i
’ ' ] \
S : I_____ \ 1
i i 1y L
b \ 7
P \ l |
roy \ /
- P ¢!

In front of the covered way is the glacis, the back of which,
being raised to a certain height, serves as a parapet for the covered
way.

Represent the height of THE PARAPET OF THE COVERED
wWAY by a vertical line. ' .

_____.,/“/ “\o
// — - ’
1 ]
N

Mark a point upon the covered way, to show the extent of the
base of the interior slope of the parapet.

/4——"' \\.

A .
. .HD}_J]]
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. Draw the iuterior slope of the parapet of the covered way.

—

o~
- \\

T T
B a
L e

The crest of the parapet of the covered way is also called The
CREST OF THE GLACIS; and this latter tern 1« commonly used
in preference to the former.

The parapet of the covered way has a banquette in rear of it,
similar to that of the rampart.

Mark the level of the banquette of the covered way.
Draw the tread of the banquette.

Represent its height in rear by a vertical line.

And draw its slope ; all of which operations must be performed
‘in the same manner that was beforc described, in treating of the
former banquette.

—

n I
V]

THE BANQUETTE OF THE COVERED WAY is now com-
plete.

A

y
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Rub out all the imaginary lines of the parapet and banquette
of the covered way ; leaving only that perpendicular, which shows
the height of the crest of the glacis.

- AR _

A

Mark the breadth of the glacis upon yourground line ; measuring
from the foot of the above perpendicular, outwards.* :

—
lﬂ \

)

| IS S

This distance shows the extent of the slope of the glacis, which
is continued regularly from the crest outwards, until it meets the
natural level of the ground.

Draw THE SLOPE or THE GLACIS.

/—le\ I e
/I

* The followmg figures are done on a smaller scale than the former on¢s,
in order mot to cxcced the widih of the page. e
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:The point, where the slope of the glacis terminates, is called
THR FOOT OF THE GLACIS.

+ Al that part of the ground line, which is comprehended between
the bottom of the interior slope of the rampart, and the foot of
the glacis, now becomes an imaginary linc; and must cither be
rubbed out, or dotted, in a finished section.

Dot the above-mentioned part of vour ground line :

Aud rub out that line, which represents the perpendicular
beight of the crest of your glacis.

l
S Y
| SR S— | S

Raub out your dotted line.

On the front of the banquette of the covered way, there is a
row of palisades planted.

»

Palisades are strong wooden stakes, driven into the ground
vertically or nearly 5o, a few iuches apart. They are gencrally
made of oak, or hard wood, seldom less than 6 inches thick,
and of such a height as to form an obstacle to troops. The
palisades of the covered way are either made of the same height as
the crest of the glacis, or a little higher.

“Praw THE PALISADE OF THE COVERED WAY, representing
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the thickness of it by two parallel vertical lines, except at top,
where it must be pointed.

I 1

The ditch, in its present form, represents A DRY DITCH.

Sometimes the ditch may be wet, or partly filled with water.

Draw a horizontal line to represent the surface of water in
A WET DITCH.

A~

i l\‘“\ —~—
i k:z"]f

You will have observed, that the covered way is nearly on the
samc level as the original ground, on which the fortress is sup-
posed to be coustructed: but that the diteh is sunk below this
level ; whilst the rampart and glacis are raised above it.

In planning a fortress, it therefore becomes a matter of impor-
tance, to make the ditches of such dimensions, that the rubbish,
excavated from thence, may just be sufficient for forming the
elevated parts of the rampart and glacis.

If this rule is not attended to, it may be necessary, either to
bring 3 considerable part of the materials for finishing the ramparts
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and glacis from a great distance; or to cart away the superfluous
rubbish from the ditches into the country, instcad of being able to
use it on the spot: in either of which cases a ncedless loss of time,
labour, and expense will be incurred.

Sometimes instead of a semicircular cordon for the scarp revet-
ment, a simple coping is used like that of the counterscarp.
Sometimes both cordon and coping are dispensed with.  Some-
times also the counterscarp revetment is not continued quite so
high as the level of the covered way.

There may also be several other variations in the profile of a
fortified place, which shall be noticed hereafter.

CHAP. 1V.

OF THE USUAL MODE OF CONSTRUCTING THE OUTLINE
OF THE PLAN OF A REGULAR FORTRESS, —COUNTLER-
FORTS AND TRAVERSES FURTHER EXPLAINED.

In drawing the outline of the plan of a regular fortress, the first
" thing necessary is to describe a regular polygon, inclosing the town
or spot of ground whidk is to be fortified.

The nature of THE PoLYGON will depend upon the size or
extent of the place or position, that is to be fortified. For instance,
asmall town may be fortified by a hexagon or figure of six sides ;
wherens a large town or city may require a decagon or figure of
ten sides, or cven more.

The smallest regular work in use is a square fort.

~;;Iﬁaexttoﬂlililapentngon.
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The square and pentagon are used only for citadels, or for the
defence of posts of secondary importance.

After the polvzon is described, all regular fortresses are con-
structed ncarly in the same manner, each frout of the fortress being
made to correspond with a side of the polygon.

Let us suppose that the fortress to be represented is a regular
hexagon. I we construct a half hexagon, it will explain the
matter cqually well.

Take a half sheet of large paper, aud turn one of the long sides
of the paper.towards you.

Draw a right line across your paper near the bottom of it.

Upon this line, with a ——
radius rather less than one /
thind of the breadth of the
paper, describe a semicircle, /
the center of which mustagree
with the middle of the paper. —— e

In this semicircle describe a
half hexagon, to represent part
of the polygon that you propose
to fortify.

The th;ce sides of the half hexagon are called THE ExTERIOR
s1IDEf!f oF THE POLYGON.
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*The angles, formed by the exterior sides, are called Ex-
PERIOR ANGLES OF THE POLYGON.

Mark the exterior angles of
the polygon, that are shown in

your presgnt figure.

Rub out your marks.

From the center of your half e T
bexagon, draw radii to the y o ,/ :\
two exterior angles of the o
polygon, which are shown in - / A
your figure. AR

The angle, formed by any two adjoining radii, is called an
interior angle of the polygon.

...___\

e

Mark THE INTERIOR e R
ANGLES OF THE POLYGON, i K \\
represented in your present [./ ’ / g //
figure. [ \\\-’, \

The interior angles are also sometimes called THE ANGLES
AT THE CENTER OF THE POLYGON.
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Rub out the semicircum-

ference, the two last drawn //- A\
radii, and the marks of the e

interior angles of your polygon. /

The half hexagon, and dia- &

meter only will remnain.

We shall now proceed with the (-onstmc‘tion.

Bisect each of the exterior / .
sides of your polygon. \

From the middle of cach

exterior side, drop  perpen- / ,
dienlars, inwards, of a given /
length ; for instance let these AN

perpendiculars be one sixth of

ORI ¥

the exterior sides.

On cramining the figure, it will be found that the per-
pendiculars are more ihan one sixth of the exterior side, notwith-
standing the above direction. The same deviation Jfrom the rules
given in the text will be found in some other parts of this book. -
The reasou is, that the figures, in general, being on a very small
scale, the various parts represented would not be sufficiently clear,
if the wwhole of them were alwuys drawn according to their just
proportions. But wherever there is any variation of this nature,
the learner is recommended to follow the directions contained in
the text, m'al.-iug his figures as much larger than those in t'ltc book,
us he ntuy find convenient.
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When “ THE PERPENDICU LARS,” are mentioned, in deseribing
a system of fortification, it always implies the hnes wiich you
have just drawu, unless any thing to the contiary 1 specified; be-
cause although thertemay be many other lines perpendiculur to each
other, in the plan of a fortiess, these are the principal perpendicu-
lars, and of most use in the constuction.

From the adjoining @terior ’ - - -
angles of the polygon, diaw oo \ \
lines intersecting each other ) \"
at the foot of the perpendi P N
culars. . - _\

These lines ate called THL TINFES 01 DLITNCR

The salient angles, formed by these last diawn lines, conespond
with the salient angles of THE BASTIONS of your fortress.

Upon the lines of defence, RNV
measure a certain distance from . ~~ N
the salient angles on each side; / i
and mark pomts for the should-  /, ] §

ers of your bastions. Forin- . -
stance, let il distance sct off be about one third of your exterios
sidc s,

Take in your compasscs the - N
distance between the salicnt / A—>'</ t \
angle of one bastion, and the / L A

o o e > \
shoulder of an adjoininz onc ; // ! \}
and from cach of the salient — e e
angles ay a center, with the above radiuy, make intersections
spon those lincs of defence which me diawn fiom the seme point.
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The points last marked will show the position of the angles of
the flank.

By joining the various points in the lines of defence, you will
have the flanks of your bastions and the curtains.

ST T
/,/u \\(/\\

Draw THE FLANKS. /

LN

o

Draw Tut CcURTAINS. L0y

The lines of defence, properly speaking, extend only from the
angles of the flank of any bastion to the salient angles of the
adjoining bastions.

The body of the place of your half hexagon is now complete.
It consists of three fronts of fortification ; each front, as was before
observed, being composcd of two demibastions and one curtain.

Rub out your perpendiculars.

Rub out also those parts
of your lines of defence, which
will become imaginary lines,
after the bastions are drawn. [
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" 'The angles, comprehended between the exterior sides of the
polygon, and the faces of the bastions, are called THE DIMINISHED
ANGLES OF THE POLYGON.

AT
o SO R
Mark the diminished angles KR - RN
v h ’ A
of your polygin. co \\ \
/ - -
e ™~

d

Rub out the marke of the diminished angles; and dot the
exterior sides of your polygen.

Draw the capitals of yow hastions: and dot them.  They will
of course agree with part of the radit of the polvgon, which you
before drew.

Represent the demigorges
of your bastions by producing ) o
the curtains, till they meet the N SN
capitals on each side of them: - /"' CL
and let the demigorges also be r_é_ . e
dotted.

The right line, which is composed of one curtain and two
adjoining demigorges, is called an interior side of the polygon.

There are three of these lines in your present figure; and they
are called THE INTERIOR SIDES OF THE POLYGON, because
if ‘'you examine attentively, you will observe that they form a regu-
lar half hexagon, or figure exactly similar to that which is formed
by the exterior sides.

Whea the exterior sides of the polygon are first drawn, in the
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manner, that we have followed in the above construction; this s
called FORTIFYING INWARDS; because the whole of the body
of the place comes within the original polygon.

But when the interior sides of the polygon are first drawn in
any plan, and the other lines arec marked off afterwards; it is
called FORTIFYING OUTWARDS; because in this case, the body
of the place comes without your original polygon.

[~ f/“‘

Rub out all imaginary liacs, ' S ‘\

thatis to say all the dottad ; \
lines in your plan. . AN

The remaining lines (not including of course the diameter of
your original semicircle) will represent THE OUTLINE OF THE
BODY OF THIL PLACE of a regular half hexagon.

This is called Tur MASTIR LINE OF THE FORTRESS; and
it corresponds with THE SCARP LIN E, in the proﬁle or section,
. »n .

which was before explained. g,. # t"f -
Sometimes it is also called TuE corRDON LINE, because it
agrees nearly with the front of the cordou of the scarp revetment.

We shall next proceed to draw the main ditch of our fortress.

The number of fronts in the book will now be reduced from
three to one, which will be drawn on a larger scale, in order that
the remaining figures may not appear too complicated.

But the Teacher may, if ke thinks proper, cause the Learners to
conlinue to construct their figures with three fronts; and without
changing their scale. :
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*:In that case, he will make them pass ocer a part of ‘the
succeeding paragraphs, until the body of the place of the new
Jigure consisting only of one front is supposed to le constructed ;
proceeding at once to that paragraph in page 51, which com-
mences thus, “ The main ditch, or ditch of the body of the
place,” &c.

If the Teucher should however think it expedient to make the
Learners construct one front on a lurge scale, before they druw a
complete haly” hexagon ; he may then, instead of omitting any
part of the succeeding paragraphs, go on with the whole of them
in regular order, us follows.

\ Y
" Draw two radii to divide ) 4
the center front of your half | \‘\l‘ A
hexagon, from the two other PO )
fronts: / \
P \/\

Rub out yourtwo extreme fronts,
leaving only the center front, with
the radii which bound it.

. Your figure in its present state represents one front only of a
. hexagon ; but as the several fronts of a regular fortress are exactly
alike ; if you know how to comstruct one, it will be a sufficient rule

for all the others.

We will, therefore, construct one complete front only of a
gcgular fortress, previously rubbing out our present figure, and
nmmcmg another, on a larger scale, for the sake of clearness,
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Draw a right line to represent
the exterior side of one front of

your new figure, on a larger scale.

We shall next draw a part of the two radii of the proposed
front : it being unnecessary to draw the whole of them.

Divide your exterior side into

three equal parts.

The angle formed by the exterior side of a hexagon, and either
of its radii, is equal to the angle formed by any two sides of an
equilateral triangle.

In order to find a part of the .
radii of your proposed front, you \ /
will therefore construct an equi- \ / \ /
lateral triangle, on the two extreme

parts, that is to say, on the first and third divisions, of your ex-
terior side.

Rub out those two opposite -7
sides of your equilateral triangles, Y /
which are nearest to the middle \ /
of the exterior side.

Your figure, in its present state, represents the exterior side of
one front of, the polygon, and a part-of two radii, such as were

shown in one of your former figures, hut on a larger scale.
voL' 11, E
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Bisect your exterior side, ac-
cording to the rule before ex- \ i /
" plained: drop a perpendicular
from the middle of it; and make
the perpendicular equal to one sixth of the exterior side.

From the extremities of your

c - S '
exterior side, draw the lines of \ \ //7
‘\ - < /
. - ~ /

defence, intersecting each other
at the foot of the perpendicular.

From the extremities of your

exterior side, which represent the N~ “~ / /",/‘
positions of the salient angles of \ e /’
'two bastions, mark a given dis- —

tance on the lines of defence; for instance, a distance equal to
one third of the exterior side.

The points last marked will represent the shoulders of the
bastions.

You will next take in your = T ’
compasses the distance between \ - | 7
the salient angle of one bastion, \ X}L// /
and the shoulder of the other, \ S
and from each of the salient angles, as a center, with the above

radius, make an intersection upon that line of defence, which is
drawn from the same point.

“The new points thus found will show the angles of the flank,
as was before explaimed.

T
\,_\ I .
Draw your flanks. -
o/
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Draw vour curtains. 'M
et /

The body of the place of one front, is now complete, on a
larger scale than before.

We shall next proceed to draw the main ditch.

The following directions apply either to the finishing of the
outline of one front of fortification, such as is represented in your
present figure; or to several, as for instance, to a figure with three
fronts, such as the outline of the half hexagon, which you before
drew.

The main ditch, or ditch of the body of the place, is
bounded by the scarp and counterscarp.

The scarp line has just been drawn: it remains to draw the
counterscarp.

The counterscarp is made circular, opposite to the salient angles
of the bastions.

From each salient angle as

a center, with a given radius, N ., j
as for instance, one half of
your perpendicular, describe

arcs outwards towards the
country.

If the learners are continuing their former half hexagon:
Restore your original perpendiculars in each front, and produce
them outwards. .
‘R :
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If the learners are drawing one front only, according to the
Jigures immediately preceding :

Rub out all imaginary lines
except your perpendicular, \e ’
and your two radii, which you
will produce outwards. ™

U

“The straight parts of your counterscarp, which commence
where these circular parts finish, are generally directed towards
the shoulders of the nearest bastions.

~—

. From the shoulders of
every bastion, draw tangeuts \
to the above arcs. '\ ‘
\ \____/

Rub out the superfluous !
parts of the arcs, and of the S~ ‘ -
counterscarp lines; that is \\\\‘/ /
to say those parts of the
. last drawn lines, which are /

between the shoulders of the bastions, and the point of intersection
of these lines.

The form of THE COUNTERSCARP OF THE BODY OF THE
PLACE is now complete ; as also that of THE MAIN DITCH.

Upon each perpendicular
produced, mark a point at
a given distance from the
reentering angle of the coun-
tésscarp. Let this distance,
fok instance, be equal to the faces of your bastions.
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The points just marked, show the position of the salient angles
of THE RAVELINS. ‘

Upon each of the faces of
your bastions, mark a point
near the shoulder, at a given
distance.

Draw right lines, from the
points marked on each pro-
duccd perpendicular, to those
which are marked on the
faces of the bastions of the
same fronts.

Rub out the superfluous parts of your last drawn lines, that is te
say, those parts of them which cross the main ditch.

The faces of your ravelins
will then be complete.

Rub ont the capitals of your ravelins.

The ravelins have ditches and counterscarps.
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Fhat part of THE COUNTERSCARP OF THE RAVELIN, which
is immediately in front of the salient augle, is made circular.

From the salient angle of ~
each ravelin, as a center, /
with a given distance as a ) W
radius, for instance, about two \ 7y
thirds of the width of the \ !

main ditch, measured at the \ f— /
salient angles of the bastions, describe aun arc outwards.

Draw tangentsto each arc,
parallel to the faces of the /
ravelins, and produce them /\ \ J/
till they meet the counter- \

scarp of the body of the /
place.

-The maip ditch and THE DITCHES OF THE RAVELINS
communpicate with each other.

Rub out therefore the su- ;
perfluous  puits of your é
original counterscarp, as also
of the last described arcs.

Draw the break at the
gorge of the ravelin, in every
front.
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Rub out those parts of
the demjgorges of your rave-
lins, which become super-
fluous, after the breaks are
drawn.

half hexagon

The outline of the counterscarp of a regular front of fortification.

. ravelins
with

. 1s now complete,
a ravelin

THE COVERED WAY is bounded by the counterscarp and
glacis.

That side of the glacis, which is next to the covered way, is
called the crest of the glacis, as was before explained in treating
of the profile of a regular fortress.

The crest of the glacis is drawn parallel to all the faces of the
counterscarp, at a given distance ; but these parallels are produced
till they form salient angles without being rounded off like the
salients of the counterscarp. '

Let us suppose that the breadth of the covered way is to be
about one third of the breadth of the main ditch.

The most convenient mode of drawing the crest of the glacis,
is first to describe arcs, at a given distance from all the reentering
angles of the counterscarp.

You will therefore, from
each reentering angle of your
counterscarp as a center, with
4 radius equal to one third of
the breadth of the main ditch,
describe afcs to show the
extent of the covered way.
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Draw tangents to these
arcs parallel to all the faces
of the counterscarp.

Rub out your arcs, and
the superfluous parts of
vour tangents.

Any part of the covered way, which is more spacious than the
rest of it, is called a place of arms.

Those parts of the covercd way, which are in front of the
salient angles of the bastions and ravelins, being more spacious
. than the rest of it, are therefore places of arms, and from their
position they e called THE SALIENT PLACES OF ARMS OF
THE COVERED VAY.

Here the Teacher will cause the Learners to * mark the salient
places of arms of the covered way;” and afterwards to “ rub
out the marks.”

There are also reentering places of arms, that is to say,
' spacious parts near the reentering angles of the covered way.
These are not yet drawn.
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The reentering places of arms have two demigorges and two
faces.

The demigorges are marked by sctting off a given distance upon
the crest of the glacis, on each side of the reentenng angles.
Let us suppose the length of the demigorges to be equal to the

breadth of the mwun ditch nearly.

You will accordingly
mark the domigoges of
the reentering places of \\\\' ’//\\ .
arms of the covered way, \--:1/ \
at the above distance, on .
cach side of the reen-
tering  anrles of  the

cevered way.

Take in sovr compasses « distance a little longer than one of
the demigoiges, for instance, sbout one tenth longer; and let
this represent the length of the faces of your reentering places of
anus.

With this distance as a
radius, fromthe extremities
of cach pair of demigorges
as centers, describe arcs
intersecting each other to-
wards the country.

The points of intersection, thus fo-nd, show the position of -

the salient gngles formed by the faces of the ueutging places of
arms, '
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“From each of the above
points of intersection, you //x/\
will therefore draw right RZANNS

Biies to the extremities
of the demigorges. This
being done, rub out the
small arcs, which will then
become superfluous.

Rub out also those parts /N
of the original crest of your .
glacis, which will become /\‘4 :\\’ T //
superfluous, after THE RE- N o
ENTERING PLACES OF .
ARMS OF THE COVERED \ /
way are drawn. Rub out
alag the superfluous parts of the faces of the said reentering
places of armns; namely that part of each face which crosses the
‘covered way.

mlong faces of the covered way are called branches; and
take their names from the work immediately behind them.

For instance, therc are two branches of the covered way, in
front of every bastion of a regular fortress.

One of these is called THE RIGHT BRANCH OF THE
SCOVERED WAY OF THE BASTION.

The other is called THE LEFT BRANCH OF THE COVERED
WAY OF THE BASTION.

.* There are also two branches of the covered way In front of
every ravelin of a regular fortress.
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One of these is called THE RIGHT BRANCH OF THE
COVERED WAY OF THE RAVELIN.

The other is called THE LEFT BRANCH OF THE COVERED
WAY OF THE RAVELIN.

The foot of the glacis is drawn parallel to the crest of it. The.
most convenient mode of drawing it, is first to take the breadth
of the glacis as a radius, and from all the salient angles of the
covered way, as centers, to describe arcs. .

Let us suppose \ ‘\ /
the breadth of the \—. _—
Y /\

glacis to be nearly

double the breadth a-
of your main ditch.
Take this distance in

your compasses, as /
a radius, and describe

arcs outwards, from all the above-mentioned salient angles.

Draw tangents to
these arcs, parallel to
all the faces of the
covered way; or, in
other words, parallel
to THE CREST oOF
THE GLACIS.
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Rub out the su- /\/\
e o o\ /\;\7
e Y A\
;::.c:-sc.»or OF THE \\:)/,7/

Every branch of the covered way has traverses, or small
parapets extending across it, of the same }m1llc crest of
the glacis nearly.

These traverses are intended to protect troops posted in the
covered way, against raking shot from an enemy’s batteries.

““There are advanced traverses, and retired traverses.

- I shall first explain the mcthod of drawing the advanced
traverses.

Produce the faces
of all your bastious
and ravelins across
the ditches, until they
meet the counter-

- If the Learners are continwing the construction of a half

. dexagon, the Teacher will now direct as follows.
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Place one leg of your compasses in the center of the circular
part of the counterscarp of a bastion, that is to say on the point :
where the counterscarp would be intersected by the capital of the
bastion produced.

Measure the distance from this point to either of the adjoining

points, marhed on the counterscarp of the same bastion, by one of
its faces produced. - ‘

-

Sct oftf the same distance, in the same maunner, upon the two
circular parts of the counterscarp, in front of each of the demi-
bastious at the right and left extremities of your figure.

IWhen this is done, the Teacher will pass over such of the
JSollowing directions «as apply to the single front of fortification
only, and will proceed to that paragraph in page 64, which com-
mences thus: “ From the various points, marked on your coun-
terscarp, draw perpendiculars,” &c.

If the Learners, howeter, are not drawing a half heragon,

but one front of fortification only, such as appears in this part of
the book ; then the Teacher will direct as follows.

The faces of the demibastions, shown in your present front
of fortification, would, if produced, cross the ditches of the
two adjoming fronts, to the right and left of it, no part of cither
of which is represented in the figure.

And in like manner, the faces of the nearest demibastions of
the two adjoining fronts, would, if produced, cross the maim
ditch and meet the counterscarp of your present front.

Itiy therefore necessary, before the proper number of poists
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.om the counterscarp of vour figure can be determined, to find the
' position of the face of one demibastion of an adjoining front.
. We shall choose, for this purpose, that front which is to the
left of our figure.

It has already been explained, that the ;:apital of any regular
bastion bisects it.

From the point of vour left demibastion, you will therefore
draw a right line, forming an angle on the left side of the capital,
equal to that angle which is formed by the capital and the face of
the said demibastion.

The method of per- \/\/ N
Sorming this pr{blcm \g
by means of intersect- ‘

éng arcswas explained

snthe Course of Prac- A

tical Geometry. M //

Rub out the arcs, by
means of which you
found your new angle;

the line last drawn
will show the face of
an .djoining demibas-
tion, which forms a
part of the next front
of our supposed for-
tess.
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Produce . the last
drawn face across the
ditch, till it meets the
counterscarp of the left
demibastion of yoar
original front.

Place one leg of your compasses in the point, where the capital *
of the left demibastion of your original front cuts the counter-
scarp ; and from thence measure the distance to the point, where
the counterscarp of the same demibastion is met by the produced
face of the adjoining front. :

Set off the same
distance, in a similar
manner, upon the
counterscarp of the
right demibastion of
your original front.

This being done, rub out the superfluous face, wlnch is to l!u
left of your original front of fortification.

"Here the same directions will again apply, either to the half
hezagon, orto a single front of fortification.
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.\

From the various

points, marked on 77
your  counterscarp, /

draw perpendiculars
- across the covered
. way.

Rub out the lines
that cross your ditches.

Each of the ‘perpendiculars, drawn across yvour covered way,
epresents the front, or outside of an advanced traverse ; or in other
words that side of it, which faces towards the country and
would be exposed to an enemy’s fire.

The back or inside of each advanced traverse is drawn parallel
to the above lines at a given distance, on that side of each, which
faces towards the interior of the fortress.

' Let us suppose this distance to be about two thirds of the length
of your traverses.
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Draw the back, ér
inside, of each ad-
vanced traverse, ac-
cordingly.

The whole of THE ADVANCED TRAVERSES OF THE COVERED
WAY are now complete.

The line, which represents the back of a traverse, is also called
THE CREST OF THE TRAVERSE, because it is the highest part
of it.*

Draw perpendicu- \

lars across the covered
way, from all the re-
entering angles of the
crest of the glacis.

These last drawn: perpendiculars are to represent the back

or crest of THE RETIRED TRAVERSES OF * THE COVEI”
WAY. ‘:. :1».

* It will be understood, that the term crest of a traverso gh
intorior crest of it, as was explained in tmn.tin;ofth pn'hottmqt,
to which a tra¥erse is similar in every respeef.

'OL. ll.
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Draw the front of
each of the retired tra-
verses, parallel to the
crest of them, at a
given distance, which
you may make equal
to the breadth of your
former traverses.

The traverses are distingwished from each other, bv the particular
branch of the covered way, m which they are situated

For instance, there is

THE ADVANCED TRAVERSE OF FHE RIGHT BRANCH OF
THE COVERED WAY OF A BASTION®

THE RETIRED TRAVERSE OF 1Hk RIGHT BRANCH OF
THE COVERED WAY OF A BASTION®

THE ADVANCED TRAVERSL OF THE LEFT BRANCH OF
THE COVERED WAY OF A BASTION®

THE RETIRED TRAVERSE OF THE IEFT BRANCH O THE
COVERED WAY OF A BASTION

THRE ADVANCED TRAVERST OF THE RIGHT BRANCH OF
THE COVERED WAY OF A RAVEIIN

+ THE RETIRED TRAVERSE OF THE RIGHT BRANCH OF THE
COVERED WAY OF A RAVELIN.

THE ADVANCED TRAVERSE OF THE LEFT BRANCH OF THR
COVERED WAY OF A BAVELIN: and

THE RETIRED TRAVERSE OF THE LEF? BRANCH OF THE
COVERED WAY OF A RAVELIN. .

Al of which eight traverses may be distinguished in one front
of fortification.

The traverses, in thewr present form, having blocked up the
wholg of the covered way; it is necessary to make passages or

i round them, et a given distance.

&



THE OUTLINE CONSTRUCTED. @&
Let us suppose this distance to be nearly equal to the heeadth

of one traverse.

Mark the above dis-
tance upon the crest
of your glacis, in front
of each of the retired
traverses; and draw
perpendiculars  from
thence, of the same
length, cutting into
the glacis.

From the extre-
mities of these per-
pendiculars draw lines
towards the nearest
reentering places of
arms, parallel to the
branches of the co-
vered ‘way.

The perpendiculars
and parallels last drawn
constitute THE PAS~
SAGES OF THE RE-
TIRED TRAVERSES
OF THE COVERED
waY. Rub out the su-
perfluous parts of the
original crest of your
glacis, and the passages
of the retired.traverses
will be complete.

re
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"’ ‘The passages of the retired traverses are always made in the
above manuer.

- The passages of the advanced traverses are usually made in-
dented. The mavuer of drawing them is as follows,

Mark a certain distance upon the crest of the glacis, in front of
" ench of your advanced traverses, and from thence draw perpendicu-
lars or lines nearly perpendicular, cutting into the glacis, in order
to show the breadth of your indented passages in front :

tances and perpendi- ’\w/ ’
culars be equal to

) A
those set off in front 0 -
of the retired traverses,

nearly.

Draw right lines
from the extremities

of these perpmdwu— '
lars, to the front of the

passages of the tra-
wverses in rear of them.
This will show the
new form that must

be given to part of the /
crest of the glacis.



THE OUTLINE CONSTRUCTED. " 69

Rub out those parts of the original screst of the glacis, that
become imaginary lines; and the form of A COVERED WAY WITH
INDENTED PASSAGLS OF THE TRAVERSES will be complete.

Sometimes, when the branches of the covered way of any work
are very long, or much exposed to an enemy’s fire ; there may be
more than two traverses to each branch. In that case, the advanced
traverse would be called the first traverse of any branch.

For instance, if a long branch of the covered way had three
traverses ; the advanced traverse would be called the first traverse,
that immediately 1n rear of it would be called the second traverse,
and the retired traverse would be called the third traverse, of that
particular branch of the covered way.

The glacis has ridges and furrows across it occasioned by its
sloping and angular form. )

There is a ridge in front of every salient angle of the crest of the
glacis; and there is a furrow in front of every reentering sugle

of it.

Draw THE RIDGES
AND FURROWS OF .
THE GLACIS, by join-
ing the opposite angles
of the crest and foot of
it.
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At Bow only remains to draw THE TENAILS.

Produce the faces of
the two demibastions
of each front, tll they
meet in a reentering
angle before the cur-
tain. These produced
lines will form a part
of your original lines
of defence. They will
also form the faces of
your tenails.

In some of the following figures, which relate solely to the tenail;
the ravelin, ditches, covered way, and glacis are omitted for the
sake of clearness. It 13 to be observed that the tenals are usually
drawn immediately after the body of the place of a regular for-
tress is finished. In the book, the constyuction of this work has
been commenced last of all, othermise many of the figures zould
dwve appeared complicated.

Drnaw, to each of your
tenails, a small curtain,
parallel to the curtains of
. the body of the place, at
8 given distance.

¥

Rub out the superfinous
patts of your lines of de-
fonce.

»



THE OUTLINE CONSTRUCTED. N

Make the breadth of the
tenails equal to a given
gistance, for instance, let it
be equal to one halfof the
breadth of the main ditch ;¢
and draw parallels to the
faces and curtain of each
tenail, at the above distance,
in.order to show the reverse
of this work.

Draw the extremities
of THE TENAILS, parallel
to the flanks of the ad-
Jjoining bastions, at a given
distance.

When the learners are drawing ~ When they are drawing one
a half hexagon : Jront only :

The plan of a regular half  The plan of one front of &
hexagon, having temails, rave- regular hexagon, supposed ‘to
lins, ditches, a covered way have tenails, ravelins, ditches, a
with traverses, and a glacis, is covered way with traverses, and
now complete. a glacis, is now complete.
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By the same method, you may eusily draw the plan of a regular
pentagon, heptagon, octagon, or any other kind of polygon.

Indented passages of the advanced traverses, such as we repre-
sented in your present figute, are the most approved.

Sometimes howeser the passages of thesc traverses have been
made rectangular.

Rub out the passages of your advanced traverses, and restore
the crest of the glacis to its origual form.

Setting off upon the crest of the glacis a given distance 1n front
and rear of each advanced traverse, constiuct a rectangle cutting
into the glacis, to show the form of the rectangular passage.

Rub out those parts
of the crest of the
glacis, which will be-
come superfluous af-
ter these passages are
drawn.

The form of a work, having a covered way with RECTANGU-
LAR PASSAGES OF THE TRAVERSES, is now complete.
REMARKS.

Itwbafmohnrvd,ﬁmindnwingthephn'of?re-
gnhfamitismwulto rub out any of the imaginary
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lines, which are useful in the construction, until the whole of the
outline is finished in pencil ; although in this book a different
practice has been followed, for the sake of rendering the figures
more simple, and the directions more clear.

In penning a finished plan with ink, the master line or scarp .
line of the body of the place must be made a thick line.

The faces of the ravelins, the crest of the glacis, and the crests
of the traverses, must also be made thick lines.

The rest of the lines must be made thin.

FURTHER EXPLANATION
OF THE NATURE OF COUNTERFORTS AND TRAVERSES.

From the figures which you have already drawn, the form and
nature of the various parts of a regular fortress, at least of such as
have been taken into consideration, may appear sufficiently clear;
with the exception of the counterforts of the revetments, and the
traverses of the covered way. These require some further expla-
nation,

You have already drawn the section of a revetment with

counterforts. The plan only is wantmg to glve a just notion of
them.

Draw two lines parallel to each other at a certain distance, to

represent the foundanon plan of any part of the metments of a
fortress, !
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. Lﬁ the upper linc re-
Present the frout, while the
- wnder line represents the
back of the revetment ; the
distance between the two,
of course showing the thick-
mess of the wall at bottom.

In rear of the revet-
ment, and touching the
back of it, draw a rectan- - —-. - - .. -
gle to represent a counter-
fort, making, as is usually '
done, the depth of the L
counterfort greater than
its breadth. '

Rub out that part of the
back of the revetment,
which will become super- .- — -
flsous after the counterfort r
- ¥

The form of ome coun-

terfort is mow complete.

You will next proceed to —'Lr_—u _'L"—U_U"
‘draw more counterforts

exactly similar and equal to it, at a given distance from each other.

For instance, let their distance apart, measured in the clear, be
double the breadth of one counterfort.

The foundation plan of A REVETMENT WITH RECTANGULAR
COUNTERFORTS is now complete. In building the fortress, after

the foundations are h\ldomw:mﬂmg to the above plany the frons
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of the revetment has a slope, but the counterforts and the back of
the revetment are raised perpendicularly.

Counterforts are not always rectangular, sometimes they are
made iu the form of trapezoids, wider in front than in rear. These
are called diminished counterforts.

Rub out your rectan-
gular  counterforts, and
diaw a new set of coun-
terforts equal in number to _jU U \ J U \_l—-
the former, but wider in

front than in rear.

Your figure now represents the foundation plan of A REVET-
MENT WITH DIMINISHED COUNTERFORTS.

The rear of a counterfort is generally called THE TAIL of it;

whilst that part of it, which joins to the revetment, is called THE
ROOT.

Diminished counterforts have been more often used than ree-
tangular ones.

I shall next explain to you more particularly the nature of the
traverses of the covered way.

It was before mentioned, that the traverses of the covered way
are small parapets extending across it, of the same height as the
crest of the glacis nearly. We shall now proceed to draw a section
of one of them.

-

Draw a right line to represent the general level of the covered
way.

4

Raise u perpendicular from thence to show the height of the
parapet of} the traverse: mark a point in rear of it to show the
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watent of the base of the interior slope; and draw the mteﬂor
slope of the parapet of the traverse.

L

Draw a horizontal line outwards to represent the thickness of
the parapet at top : and drop a perpendicular to show its dip.

o V.

Draw the superior slope of the parapet; and produce the last
meationed perpendicular downwards, till it meets the ground line.

This produced part represents the height of the exterior slope
of the traverse : make the base of: this slope equal to its height ;
sud draw the exterior slope.

\\

" Draw a banquette of the usual form in rear of the parapet of the
‘traverse ; showing the tread of the banquette; its height, and its

slope. N
/H' N

'lhn_cﬁinéfyw lnvmenm finished. It consists, as was
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before mentioned, of a simple parapet riised above the general
level of the covered way, with a banquette in rear of it. .

The salient places of arms being the most advanced, and con-
sequently the most exposed, parts of the covered .way; an enemy
usually attacks them first. The parapets of the traverses are there-
fore so constructed, that the fire ‘of troops posted on the ban-
quettes behind them must always be dlrected towards the saheut

places of arms.

Sometimes there is arow of palisades, placed on the banquettes
of the traverses, exactly like the palisades of the covered way."

Rub out the superfluous lines in the parapet and banquette of
your traverse :

PARRN

And draw a palisade on the front of the banquette, to represont
the form of THE PALISADES OF THE TRAVERSES.

Sometimes also there are gates to shut up the passages of
the traverses, in order to prevent an enemy, who has takem
any of the salient places of arms, from beilg ‘able to peme-
trate throngh these pamges,mto the - mmunng parts ofd;e
covered way.

These.;aten are called THE BARRIRRS OF THE TRAVERSES.
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CHAP. V.

CONSTRUCTION OF THE OUTLINE OF A REGULAR OC-
TAGON, FORTIFIED ACCORDING TO VAUBAN'S FIRST
SYSTEM.

PRELIMINARY REMARKS.

There are various systems of fortification, which have been
invented and proposed by different Engineers from time to time;
and the same Engineer has sometimes laid down two or three

different systems.

In the construction of a regular octagon, which is now about
to be explained, and in such of the following counstructions as
relate to the attack of places, the first system of Vauban has been
chosen in preference to any other, for the following reasons.

- In the first place; on account of the simplicity of its construc-
tion, which renders it most suitable for an elementary work.

Secondly ; it is a system which has been much followed in
practice, and although improvements in fortification have subse-
quently been made; yet there are few fortresses to be found,
unless favoured with extraordinary advantages by nature, which
are actually much stronger, than a place fortified according to this
system would be.

:

» Thirdly ; it is to be observed ; that the same general principles,
upon which the attack of a fortress built according to this system
ought to be conducted, will also hold good in besieging fortresses
constructed according to any other system. .
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. Consequently, in studying fortification, if a learner makes himself
thoroughly master of this system, he will afterwards find it a very
easy task to understand any other system of fortification, that he
may meet with in plans or books, although it may be of & much
more complicaied nature.

For the above reasons, until you perfectly understand this
system, and the attack of it; it is much.better not to attempt to
study any other.

Having made these prelimivary remarks, we shall now com-
mence our construction.

CONSTRUCTION OF A REGULAR OCTAGON, &c.

The construction herein laid down applies to Plate I. of this
volume ; which is however done on rather a smaller scale, than
would be proper for a Learner to commence with.

The Teacher, after every individual direction contained in the
following paragraphs, ought to eramine the performances of the
Learners, before he allows them to proceed further.

Their drawings, when finished, ought to be exactly similar to
Plate 1., excepting only the abovc-mentwrml difference in tlu
scale.

In studying this work without the assistance of a teacher, the
progressive steps in the construction gf Plate I. will easily be
understood, by referring to the figures annexed to the last chapter,
in which a heragon was chosen as being a simpler figure than an
octagon; but the same rules, generally speaking, apply to both.
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The construction of Plate I. also applies to a part of the sub-
sequent plates of tlus work, and therefore the various directions
have been numbered, for the sake of a more easy reference from
one to the other, when required.

1. Construct a rectangle for the margm or boundary of your
drawing, which must be eight aud a half regular inches by fifteen.

Take notice, that in this and the following constructions, wheu-
ever the term “ regular” 1s used in speaking of any dimension, it
implies that the said dimension or measuremnent 13 not to be
taken from the scale, according to which the plate may be drawn;
but that it is to be full-sized standard Lnglish measure.

When the term “segular” 1s not used i speaking of any dimen-
sion, it implies that it is to be measuicd from the scale.

2. The neat thing necessary is to draw the scale; which may
either be done on some waste part of your papai below the margin,
that may afterwards be cut off, o1 on a separate prece of paper.

When the plate is finished, a new scale will afterwards be con-
structed within the margin.

The scale for your present plate must be one hundred yards to
an inch. It is constructed as follows.

Draw a right line six regular mches long, and divide 1t into six
equal parts.

Subdivide the first or left hand division into ten equal parts:
and make the middle subdivision more couspicuous than the
others.

Each of your large divisions will then represent 100 yards,
whilst each of the subdivisions at the left of your scale will repre-
sent 10 yards.

You will therefore place the mmmber 100 under the left extremity
of your scale; under the middle subdivision place the number 50;
at the end of the first division write the figure O; and from thence
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under each of the remaining large divisions write successively the
pumbers 100, 200, 300, 400, and 500.

3. Let one of the long sides of your margin be the bottom line
of your drawing. Bisect it; and from the middle of it, as a
center, with a radius of 502 yards, describe a semicircle. ~ /

4. Divide the circumfercnce of your semicircle into four equal
parts, and mark them by points.

5. Bisect each of these divisions, and mark four new points on
the circumference for this purpose.

6. Connect these four last marked points by right lines, which
will form three sides of a recular octagon, each of which will be
384 yaids long.

If the polygon, proposed to be fortified, were less or greater
than an octazon, m that case « smaller or greater radius than the
above would be necessary, m order 1o obtain  an exterior side of
384 yards; this having m all cases been considered a good propor-
tion for the length of the extenor sides of a regular fortress.* .\

7. From the first points’ marked on the circumference, draw
radii or right lnes dirccted towards the center. These will bisect
the sides of your polyge.n ; and consequently upon these, the per-
pendiculars of your foitress must be set off.

* This is equal to 180 french toises, the length adopted by Vauban for
the exterior sides of his polygon. It may here be ebsetved, that in order to
obtain an exterior side of $84 yards precisely, for a regular octagon, ‘the
radius should not be exactly 502 yards, as stated in paragraph 8d, but =
small traction less. The differonce however imso trifling, that it was not
worth while tq notice it in practice.

YoL.11.
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8. Measure the distancg, from the outer cxtremity of any of
these radii, to the point where it is intersected by one of the sides

of your polygon, and set off an equal distunce from cach extremity
of your diameter towards the center,

9. Connect the two poiats, thus marked on your diameter, to
the hicarest cxtremities of the finished sides of your polygon, hy
right lines.

Each of these two last drawn lines will be exactly one half of
the side of your polygon.

Your present figure, therefore, cousists of three sides or fronts
of a regular octagon and of two half-sides of the same. Conse-

quently it represents exactly one half of a regular octagon, which
is to be fortified.

10. Make your perpendiculars each 64 yards long, which is
equal to one sixth of the exterior side.
Y o o e
11. From the exterior angles of the polygon, draw the lincs of
defence intersecting each other at the foot of each perpendicular.

12. Make the faces of your bastions 110 yards long, which is
equal to two sev of the exterior side nearly.

13. Take the distance between the salient angle of any bastion,
and the shoulder of an adjoining one, as a radius, and from every
salient angle, as a center, make intersections upon those lines of
defence which are drawn from the same poiut.

- Theseintersections will give you the position of the angles of
the flank of the three whole fronts of your figure.

14, Draw the flanks of these thres fronts.
@
15. Draw also their curtains.
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The two half fronts at the extremities of your figure remain to
be finished; which cannot be done by the above rule, as some of
the points that ought to be used, fall without the semicircle.

The method of constructing them is as follows.

16. Draw the capitals of the right and left demibastions of your
finished fronts,

17. Find the points, where the demigorges of these demibas-
tions intersect their capitals, by producing the adjacent curtains.

18. From thesc points of intersection, draw lines parallel to
the half exterior sides, extending as far as the diameter.

19. From the same points, upon each of the last drawn lines,
sct off a distance equal to the length of a demigorge.

This will give you the position of the angle of the.ﬂlnk of each
of your two half fronts. The length of their faces was marked
before.

20. You will therefore draw the flanks ‘of these two half fronts
by joining the proper points.
The body of the place of your half octagon is pow complete.

21. From the salient angle of eyery bastion, as a center, with
aradius of 32 yaids, describe arcs, outwards.

22. Draw tangents to these arcs in the direction of the shoulders ~
of the opposlte bastions,

This will give you the form of the mm ditch and counterscarp
of your three whole fronts.

The counterscarp at the extremitios of your half octagon will
sullremamunﬁnuhed because the points necessary for the direc-
X
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tion of the tangents, fall without the semicircle. The method of
completing it is as follows.

23. Upon the perpendicular of any of your finished fronts,
measure the distance fiom the point where it is intersected by the
exterior side to the reentering angle of the couunterscarp: and set
off an equal distance from each of the corresponding poiuts,
inwards, upon the perpendiculars of your two half fronts.

The two points thus found will be the reentering angles of the
counterscarp of your half fronts, which rem8in unfimshed.

24. Draw your two remaining tangeuts accordingly, directing
them upon these points ; and the main ditch of your half octagon
will then be complete.

25. From all the reentering augles of the counterscarp set off
85 yards, outwards, upon the perpendiculars produced, m order to
show the length of the capitals of -the raveling.

— e ——— .

gt

26. Set off 11 vards upon the face of each bastion, measuring
from the shoulder towards the salient angle.

27. From the extremities of the capitals of your ravelins, draw
right lines in the direction of the lust maiked pownts.
These right lines will be the faces of you ravelins.

28. From the reentering angle at the gorge of each1avelin, set
off 24 yards, rightand left, upou each dewmigorge.

29. Join the points thus found by right lines, which will give
you thé break at the gorge of your ravelins.

80. From the salient angle of every ravelin, as a center, with a
radius of 21 yards } foot, describe arcs outwards, for the breadth
of the ditches of the ravelins.
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81. To these arcs draw tangents, parallel to the faces of the

ravelins. )
This will complete the ditches of the ravelins, and the whole of

the counterscarps of your fortress.

The faces of the tenails are formed by the meeting of the two
lines of defence in every front.

32. Draw a small qurtain to each tenail, parallel to that of the
body of the place, at the distance of 32 yards.

53. Malke your tenails 17 yards wide througheut, and draw the

reverse of cach.

34. Draw the extremities of your tenails, paralle] to the flanks
of the body of the place, at the distance of 11 yards.

35. At the distance of 10} vards, draw lincs parallel to the
counterscarp, to show the breadth of the covemd way, and crest

-

of the glacis.

L]
.

3G On each side of the reentering angles of the crest of the
glacis, set off 56 yards for the demigorges of the reentering places
of arms of the covered way. ’

37. Draw the faces of the reenteting places of arms, making
them each 40 yards long.

38. At the distance of 72 yards, draw lines parailel to all the
faces of the covered way, which will give you the breadth of the
glacis.
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" 39 Produce the faces of all the bastions and ravelins until
they cut the counterscarp.

40. From the ceuter of the circular pait of the counterscarp of
any of your ravefins, mecasure the distance to vither of the adjomn-
ing ponts, marked on the counterscarp of the same ravelin by one
of its faces produced.

And set off the same distance, in the same manner, upon the
counterscarps of the two half ravelins at the right and left extre-
mities of your figure.

41. From the various points marked on your counterscarp, draw
perpendiculurs across the covered way.

These perpendiculars will represent the front of your advanced
traverses.

42. From all the reentering angles of the covered way, draw
perpendiculars ncross it, for the back of the retired traverses.

The advanced and retired traverses are not always made evactly
of the same breadth or thickness. Let us suppose that they are of
unequal breadths.

48. Make your retired traverses G yards broad; but make your
advanced traverses only 4 yards broad; and draw parallel lines at
the above distance, to show their respective breadths.

44. The branches of the covered way of the ravelins must have
three traverses. You will therefore draw a central traverse 4 yards
broad, in each of them, exactly in the middle between the two
former traverses of the same branch.

,45. Set off 54 yards upon the crest of the glacis, in front of
your traverses, for the breadth of the passages.
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46. From all these points, with a radius of 5 yards, describe arcs
cutting into the glacis, for the depth of the passages of the traverses.

All the passages of the traverses must be tangents to the above
arcs.

47. Draw tangcnts parallcl to the crest of the glacis for the
passages of the retired traverses.

48. Draw oblique tangents for the passages of the remaining
traverses, which must be made indented.

49 Tiom the centcr of each small arc, draw a perpendicular
to the tangent of the same arc.

This being done, the whole of the covered way will be com-
plete.

50. Draw the ndges and furrows of the glacis.

o1 Pen your drawmg, and let the body of the place, the front of
the tenml, the faces of the ravelins, the crest or back of each
traverse, and the crest of the glacw, be all marked with thick
lines , makmg the remaming hnes thin,

Obscrye also, that it 15 usual to pen with red ink, all those lines
of 4 furticss which are supposed to be reveted ; the above being
the colour chosen to denote masonry. For instance, in your
present diawmg, the whole of the outline might be so marked,
with the exception of your glacis and traverses, which ought to be
penned black.

52. Write i largc letters the words GUTLINE OF A REGULAR
OCTAGON, 1n any convenient place, as the title of your diawing.

93. Draw a new scule mn any convenient place within the
margin, and near the bottom of it ; pea &, and wrtc over it Scale
of 100 ya}ds to ar such.
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54. The margin 15 usually fimshed with double lines; a second
set of parallel lines beinz drawn a httle without the ongmal rec-
tangle. In pennig the margm, the outside Imes are made thicker
thaun the mtenior rectangle

Finsh your margins accordingly.

55. In diawing plans of fortification, dates and signaturcs are
usually nserted near the bottom of the margn, the former tow ards
the left of the paper, the lattu on the nght,

Insert dates and signatures accordiugly.

CHAP. VI.

REMARKS ON THE GENERAL PROTILE OF WORKS OF
FORTIFICATION.—SECTIONS OI' A REGULAR 1ORTRLSS
CONSTRUCTED BY SCALE.

In a regular fortress, all those parts, which comespond with
each other m the plan, have the samc gencral protle or scction
nearly, throughout their whole exteut.

For instance, as far as regards the body of the place , a scction,
taken through one of the faces or flanks of any one bastion, will
agree nearly in all its dimensions, with another section, taken
through any pmt of apy other bastion of a fortress. A section,
taken any where through auy one curtuin, will also agree with a
section of apy other curtain: and moregve:, 3 secuon, takcn
through any part of the bastions, will agree nearly with a section,
taken through any part of the curtains, of the same fortress.
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In like manner, *a section, taken through any part of either
of the faces of ome ravelm, will agree nearly with any other
section, taken through a pait of the face of any other ravelin, of
the fortress.

It is to be observed, that the profile of the ravelins rescmbles
that of the body of the place, in all its parts, but with this dif-
ference, that the ravelins are always made some feet lower than
the body of the place.

The main ditch is of the same depth nearly throughont its
whole extent; and the ditc hes of all the ravelms have the same
section throughout ; their depth bemg generally, but not always,
equal to that of the main ditch. -

The covered way is every where of the same general height;
and the crest of the glacis is also of the same height nearly, all
round.

Consequently not only the body of the place and ravelins, but
abwo the ditches, covered way and glacis, of a regular fortress, have
the same general profile throughout their whole extent ; and sections
taken through any part of them whatever, will nearly agrce with
each other, cxcepting only that, as far as regards the breadth of
the main ditch and covered way, there will necessarily be a varia-
tion, according to the part through which the section may be
taken, these works being broader in some parts than in others, as
was shown in the plan.

It will have been clearly understood from what I have already
said, that the various works of a regular fortress are nearly of the

\
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height in all the corresponding parts. * Theu height, how-
ever, although nearly, 13 not every wheie exactly the sawe: but
the difference, which shall now be mentioned, 1s very tnfling.

The faces of the bastions fall gradually in leight, each way,
from the salient angle towards the augles of the shoulders;
the difference being usu lly about one foot, or oue foot and a
half.

The flanks are of the same height as the shoulders or lowest
part of the adjoining faces : aud the curtains are equal in height
to the flanks.

The faces of the ravelin, like those of the bastions, usually fall
about one foot from the sul ent angle towards their other etre-
mities.

And th. glicis of the bastions is generally made about onc foot
higher than hat of the ravelins. .

Tlms as the difference, of height in all the corresponding parts,
such as the body of the place, the ravelins, and glacis, docs not
wsually sny where exceed one foot and a half; the general profile
of rcgular fortress is so very nearly uniform througheut its whole
extent, that two sections of a very simple nature will be quite suf-
ficient to explainit.

1 shall now proceed to teach you the method of constructing
these sections by scale. They may both be conveniently contained
in the same drawing, which will conscquently consist of two

~figures.

The first figure will nearly agree in all its parts with the rough
section which you before drew, uccording to the direotions given in
Chap. IIL.
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FIGURE I

SECTION THROUGIH THE FACE OF A BASTION, MAIN
brreu, COVERED WAY AND GLACIS.

The drating which the Learner is now directed to execute, will,
when finished, be exactly similar to Plate I1., with this difference
only, thut the latter is doune on rather a smaller scale.

1. Draw a rectangle for your margin, which may be twelve

regular inches by twenty=sis.
]

2, Make a scale for your first figure, of twenty feet to an inch.
It is constructed as follows.

Draw a line five regular inches and a half long : divide it into
cleven equal parts: subdivide the first of these divisions into ten
equal parts; aud make the middle subdivision more conspicuous
than the others.

Write the number 10 under the left extremity of your scale ; and
«from thence under each large division place successively the
figure 0, and the numbers, 10, 20, 30, &c. as far as 100.

S. Draw the giound line of your first figure, parallel to the
top of your maigin, at the distance of about four regular inches
and a quarter below it.

4. At any convenient distance near the left side of your margin,
for instance at about two regular inches from it, mark a point on
your ground line ; and from thence set off 17 feet 6 inches for the
base of the Mtcrior slope of the rampart. -
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"Make the height of it also 17 feet 6 inches, and draw the inte-
rior slope of your rampart.

5. Make your terreplein 39 feet broad, and 18 feet high in front
and draw your terreplein.

6. Make your parapet 7 feet 6 inches higher than the front of
the terreplein: set off for the base of its interior slope, 2 feet 6
‘inches, which is one thiid of its height ; and draw the interior slope
of your parapét.

7. Make your parapet 18 feet thick at top: give it a dip of 3
feet § inches, which is in the proportion of one fifth nearly; and
draw the superior slope of the parapet.

8. ‘Produce the dip of your parapet 13 feet downwards, in
order to represcnt the height of the exterior slope : make the base
of the exterior slope also 18 feet, which is cqual to its height;
and draw the externior slope of your parapet.

9. Mark a point on the interior slope of the parapet, 4 feet
4 inches below the crest of it, to show the level of the banquette.
Make the banquette 4 feet broad: drop a perpendicular to
show the height of it in rear: muke the base of the slope of the
, banquette double its height ; and draw the slope of your banquette.

10. Produce the base of the exterior slope of your parapet 1
foot outwards, which leaves a small berm ; and drop a perpendi-
cular of 31 feet, for the height of your scarp revetment.

11. Make the base of the slopc of the revetment, 5 fect 2
inches, which is oné sixth of its beight ; and draw the slope of
_ your scarp revetment.
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12. Set off an offset of 1 foot: make your foundation 3 feet
deep : make your revetment 7 feet 8 inches thick at top ; and draw
the foundation and the back of your scarp revetment.

13. Draw a counterfort behind your scarp revetment 10 feet
long ; and of the same height as the revetment.

14. Make your cordon 1 foot high above the top of the revet-
ment : let it project 6 inches beyond the scarp line in a semi-
circular form; and draw the back of it at the distance of 2 feet
G inches behind the scarp line.  Consequently the total length of
the cordon will be 3 feet. -

15. Set off 96 feet upon the ground line for the breadth of the
muin ditch, taking care to measure this distance from the
scarp line, not from the slope of the revetment ; and recollect that
this i« the rule always obseived, in fortification, in measuring the
breadth of ditches.

16. I'rom the point thus found, drop a perpendicular of 22 feet
to show the height of the revetment of your counterscarp, which is
equal to the depth of the ditch; and draw the bottom of the
mam ditch.

This perpendicular will agice with the counterscarp line, in
the outline of the plan of a regular fortress.

17. Make the base of the slope of the counterscarp revetment
3 feet 8 inches, which is equal to one sixth of its leight; and
draw the slope of your counterscarp revetment.

18. Give the counterscarp revetment an offset of 1 foot : miake
the foundagon of it 3 feet deep : make it 9 feet 9 inches thick
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attop : and draw the foundation and the back of your coumterscarp
revetment.

19. Draw the counteifort of your counterscarp, making it
feet long, and 1 foot lower than the revetnent.

20. Measure 31 feet 5 inches upon the ground line for the
breadth of the covered way : 1715¢ a perpendicular of 9 feet for the
height of the crest of the glacis; from the top of which mark 7 fect
6 mches, downwards, for the bottem of the parapet of the covered
way.

We shall next proceed to draw the coping of the countersearp,
observing previously that there will be a shght difference buwean
this, and the rough section, which you before diew.

In your former section the top of vour copmg agieed with the
ground line nearly; whercas in onr presout ftigne, we shall make
the bottom of the coping agree with our giound hine : conse-
quently the covered way, which we are now about to diaw, will
be a little more elevated above the natural level of the ground,
than the covered way of our former section was supposcd to be.

21. In rear of your counterscarp revetment, set off 6 mches
upon the ground line, for the projection of the copmg ; and raise
a perpendicular of 1 foot to show the height of it in rear.

From the top of this perpendicular, diaw a nght line to the
bottom of the parapet of the covered way, in order to show the
general level of the covered way, which hay a gentle slope, as was
before explained : and make your coping 3 feet long.

. 22. Draw the interior slope of the parapet of your covered way,
making the base of it 2 feet 6 inches, which is one third of its
height.

28. Draw the banquette of your covered way, making it 4 feet
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4 mches lower than the crest of the glacis; and 5 feet wide, with
a slope of double its height.

24. Draw the palisade of the covered way, placing the front of
it G inches behind the bottom of the parapet: let it be 6 inches
thick : make it pointed at top, and let it stand 6 inches higher than
the ciest of the glacis.

25. Set off 216 feet upon the ground line, for the breadth of the
glacis; and draw the slope of your glncu, the base of whlch s to
its height io the proportion of 24 to 1 - |

o g
t
» "

I'lGURE IL

SECTION THROUGH THE CURTAIN, TENAIL, RAVELIN,
COVERED WAY, AND GLACIS.

26. Draw a new ground line, about five regular inches and a
quarter, below that of yow former figure.

Q7. The wection, winch we ae now about to draw, being much
lonwer thau the last, must be done on a smaller scale, in order to
bimg 1t withne the limits of the same margin.

You will ther fore make a new scale of thirty feet to an inch to
suit your present figure.  This is done as follows.

Draw a hne five regulag inches and two thirds in length : divide
it into seventeen qual parts : subdivide the first of these divisions
to ten cqual parts; and make the .middle subdivision more con-
spicuous than the others.

Write the number 10 under the left extremity of your scale ;
and from thence under cach large division place successively the
figure 0, and the numbers 10, 20, 30, &c. as far as 160.

28. Near the left side of your margin, for instance at about
quarter of @ regular inch fiom it, set off 16 feet 6 inches on your
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ground line for the base of the interior slope of the rampart.
Male the height of 1t also 16 teet G inches, and draw the interior
slope of your rampart accordmgly.

99. Draw your tericplein, making 1t 39 feet broad, and 17 feet
high in front.

30. Make your parapet 7 feet f§ inches high ; and draw its inte-
rior slope, giving it a base of 2 feet G inches, which 1s one thurd of
the height.

31. Male your parapet 18 feet thich at top: give 1t a dip of 3
feet which is in the proportion of cne sinth : and draw the extenor
slope of it, making the base aud the height each 1€ feet 6 mches.

82. Draw the bauquette, making it 4 feet 4 inches lower than
the crest of the parapet; and 4 fect wide, with a slope of double
its height.

58. Draw a berm of 1 foot, and diop a perpendicular of 31
feet, for the height of the scarp revetment.

34. Draw your scarp revetment, making it 7 feet 6 mches thick
at top; with a slope of 5 feet 2 u.ches which 19 one «nth of its
height; an offset of 1 foot, and a foundation 3 teet deep.

35. Draw a counterfurt 10 fect loug, and of the same height as
the scarp revetment.

86. Draw a cordop 1 foot high above the revetment, projecting
6 inches m a semicrcular form, and S feet long; mcluding the
projection.
" "The section or profile of the rampart of the curtain is now com-
plete, which is oue foot lower than that of the hastion, as repre-
,sented in your former figure, but is nearly similar and equal to it in

every other respect.
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37. Make the ditch between the curtain and tenail 45 feet
broad ; mark this distance on the ground line, in front of your
scarp line, according to the iule before mentioned: drop a per-
pendicular of 22 feet for the fyot of the gorge revetment of the
tenail ; and draw the bottom of the ditch.

38. Upon the last drawn perpendicular, mark 9 feet below the
ground line, for the top of the gorge revetment of your tenail,
which will leave 13 feet for the height of it above the bottom of
the ditch. Make the gorge revetment of your tenail 3 feet 3
inches thick at top: give it a slope of 2 feet 2 inches, which is one
sixth of its height ; an offset of 1 foot, and a foundation 3 feet deep.

39. Draw a counterfort to the gorge revetment of your tenail,
mahing it 4 feet long, and 1 foot lower than the revetment.

40. Intersect your ground line by a perpendicular, at the dis-
tance of 28 feet 0 inches, measured horizontally, in front of the
gorge of your tenail; upon which perpendicular mark a point
1 foot 9 inches above the ground line, for the interior crest of the
parapet of the tenail : and from this point, downwards, set off 7
feet 6 mches, for the height of the said parapet.

41. Produce the top of the gorge revetment of your tenail 6
inches backwards, to show the projection of a coping ; and raise a
perpendicular of 1 foot for the height of it.

From the top of this perpendicular draw a right line to the bot-
tom of the parapet of your tenail, in order to show the general
level of the interior, or terreplein of the temail: and make your

coping 3 feet long.

42. Draw the interior slope of the parapet of your tenail,
making the base of it 2 feet 6 mchea, which is one third of the
height.

VOL. II. "
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43. Make the parapet of your tenail 18 feet thick at top : give
it & dip of 2 feet 3 inches, which is in the proportion of one cighth ;
and make the base and height of its exterior slope each 3 feet 6
inches. .

44. Draw the banquette of your temail, making it 4 feet 4
inches lower than the crest of the parapet, and 4 feet wide, with a
slope of double its height.

45. Set off a berm of 1 foot, and diop a perpendicular of 13
feet for the height of the scarp revetment of your tenail.

46. Make the scarp revetment 5 feet thick at top: give it a
slope of 3 feet, which is one sixth of its hclgllt.: ane it an offset
of 1 foot, and a foundation 3 feet decp ; and diaw a counterfort
in rear of it, 5 feet 8 inches long, and of the same height as the
revetment.

47. Draw a cordon, 1 foot high above the revctment, pro-
jecting 6 inches in a semicircular form, and 3 feet long, including
the projection.

48. Set off 165 feet upon the ground line for the breadth of the
main ditch between the tenail and ravehn.

Drop a perpendicular of 22 feet, the foot of which will show the
bottom of the revetment at the gorge of the ravelin; and draw the
bottom of the main ditch.

49. Mark 1 foot below the ground line, for the top of the

gorge revetment of your ravelin, the height of which will conse-

_quently be 21 feet. Make the said revetment S feet 9 inches thick

at top ; give it a slope of 3 feet 6 inches, which is one sixth of its
ht; am offset of 1 foot, and a foundation 3 feet deep.

50. Draw a counterfort to the gorge revetment of your ravelin,
making it 5 feet long, and 1 foot lower than the revetment.
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51. Mcasure 75 feet from the gorge of your ravelin, and raise
a perpendicular of 1 foot G ches, for the position of the bottom
of the interior slope of the rampait of your ravelin.

52. Produce the top of the gorge revetment of your ravelin 6
inches backwards, to show the projection of a coping; and raise
a perpendicular of 1 foot for the height of it.

53. Fiom the top of your coping, which will agree with the
ground line, diaw a 1ight line to the top of your former perpendi-
cular.  This will show the general level of the interior of the
ravelm, which has a gentle slope towards the 1ear.

Malke your coping 3 feet long.

5%, Set off 12 feet upon the ground line for the extent of the
base of the interior slope of the ravelin.  From thence raise a
perpendicular of 13 feet 6 inches for the height of this slope above
the level of the giound line; and draw the interior, slope of the
rampart of the ravelin,

[t1s 1o be observed, that the base and height of this slope, if this
rule 1s tollowed, will be exactly equal, each of them being 12
feet; because the bottom of the slope, which was before marked,
was 1 foot 6 inches higher thau the ground line.

53. Ihaw the terreplein of your ravelin, making it 30 feet
broad, and 14 feet higher than the ground line in front.

56. Make the parapet of your ravelin 7 feet 6 inches high:
give it an interior slope of 2 feet 6 inches, which is one third of its
height : make it 18 feet thick at top; with a dip of 3 feet 6 inches,
which is in the proportion of one fifth nearly ; and draw its exterior
slope, making the base and the height each 10 feet.

N2
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57. Draw the banquettc of your ravelin, making it 4 feet 4
inches lower than the crest of the parapet, aud 4 feet wide, with a
slope of double its height.

58. Draw a berm of 1 foot, and drop a perpendicular of 30
feet, for the height of the scarp revetment of your ravelin.

59. Make the scarp revetment of your ravelin 7 feet thick at
top : give it a slope of 5 feet, which is one sixth of the haght
give it an offset of 1 foot, and a foundation .} feet deep ; and draw
a counterfort in rear of it, 9 fect 3 inches long, and of the same
height as the revetment.

Draw a cordon 1 foot high above the revetment, projectmg 6
inches in a semicircular form, and 3 feet long, includmg the pro-
Jection.

60. Set off G4 feet upon the ground line for the breadth of the
ditch of the ravelin: drop a perpendiculu of 22 feet, the foot of
which will show the bottom of the counterscarp revetment; and
draw the bottom of the ditch of the ravelm.

61. Mark 1 foot below the ground line for the top of the
counterscarp revetment of vour ravehn, the height of which will
consequently be 21 feet. Muke the sard 1evetiment 3 feet 9 mches
thick at top : give it a slope of 3 fect 6 mchey, which 15 one siath
of its height; an offset of 1 foot, aud a foundation 3 feet deep.

Draw a counterfort to the counterscaip of your ravehn, making
it 5 feet long, and 1 foot lower than the revetment.

«  @2. Set off 31 feet 6 inches on the ground hne, for the breadth
of the covered way of your 1avehn; and raise & perpendicular of
8 feet for the height of the crest of the glacis; from the top of
which mark 7 feet 6 inches, downwards, for the bottom of the
parapet of the covered way.
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63. Produce the top of the counterscarp revetment of your
ravelin 6 inches backwards, to show the projection of a coping:
and raise a perpeudicular of 1 foot for the height of it.

64. Fromn the top of this perpendicular, which will agree with
the ground line, draw a right line to the bottom of the parapet of
the covered way, in order to show the general level of the covered
way of the ravelin: and make your coping 3 feet long.

65. Draw the interior slope of the parapet of the covered way of
your ravelin, giving it a base of 2 fcet 6 inches, which is one
thurd of its height.

66. Draw the banquette of the covered way of your ravelin,
maling it 4 feet 4 inches lower than the crest of the glacis : and
5 feet broad : with a slope of double its height.

G7. Diaw the palisade of the covered way of your ravelin,
placing the front of it G iuches from the bottom of the parapet : let
it be 6 inches thick: make it pointed at top; and let it stand
6 ches higher than the crest of the glacis.

68. Theic is not quite room within the limits of your margin for
the whole breadth of the glacis, which ought to be 216 feet. In
oider to find the true proportion of the slope, you will therefore
set off 108 feet, which is exactly one half of the above distance ;
from thence raise a perpendicular of 4 feet, which is one half
of the total height of the glacis of your ravelin; and draw a
right line, from the crest of the glacis through the top of the above
perpendicular, which you will produce as far as the margin will

permit.

This right line will represent the slope of the glacis of the
ravelin, which is in the proportion of 27 feet to 1, and is therefore
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a little less steep than the slope of the glacis of the bastion, which
was 24 feet to 1, as before mentioned.

Most writers recommend that everv part of the glacis should
beve exactly the same slope, which might casily have been done
in the present instance, by reducing the base of the slope of the
glacis of the ravelin from 216 to 102 feet ; but this did not appear
to me necessary, because the difference between the two propor-
tions above mentioned 1s very tufling.

Itisto be observed, that there are objections against giving
either too much or too little slope to a glacis ; and that 24 feet to
1 is usually considered a good proportion.

69 Pen your drawing ; marking by red lines all those parts,
which represent masonry or michkwork, such as the various revet-
ments, counterforts, cordons, and copings. Do the remainder of 1t
with indian ink, dotting the ground line, and other imaginary lines,
that were useful in the construction; aud fimsh the margin with
double lines, in the usual mauner.

If you choose to colour your drawing, lay a moderately hght
shade of red over all the revetments, cordous aud copings : lay a still
lighter shade of the same colour over the counterforts; and over
the remainin s parts, which represent earth and 1ubbish, lay a shade
‘tuelpbling the colour of sand.

Sometimes this shade is laid on smooth to a regular distance

~below the ground line, and parsllel to it, so as to comprehend all

the lowest parts of the section. Sometimes it only extends a litile
below the general outline of the figure, following the form of it.

The last-mentioned method of laying on this colour s shownin
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Plate I1., 8here it is represented by small dots, which is the usual
mode of denoting sand or earth, in engraved plans and sections.

In drawings of fortification, but more especially in sectiops, it
18 ofteg usual to wnte dimcnvions opposite to each of the princi-
pal parts represented, in order to save the trouble of measuring
them from the scale.

Whenever there are several poiuts near each other, so that it
might be doubtful to which of them the dimensions, written on
a plan or section, are mtended to apply ; then, m order to prevent
mistakes, the two particular pomnts, between which any written
dimension has been measured, are denoted by small broad amrows,
or marks resembling the letter V', the angular points of the two
marks bung placed outwards, at the eatremities of the distance
measured, m contrary dircctions, with their augles or openings
facing towards each other.

When two written distances are measwed fiom any central
point, then the extreme poiuts are marked as above ; but the central
powt has two muarks jomed together, to denote that dimensions are
sct off fion 1t m two different directions.

The double maik, thus formed by the meeting of two broad
arrows ou the same point, 1esembles the letter X.

Having madc this remark, we shall now proceed to write down
or mark the priucipal dimensions in Fig. 1.

70. First, as far as regards lengths: mark, upon your ground
line, the base of the interior slope of the rampart; the breadth of

the terreplein, and the breadth of the glacis.

71. Maik near the top of each, the thickness at top of your
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scarp and counterscarp revetments, and the length of th8r respective
counterforts.

Mark also the base of the slope of each of the above revet-
ments.

72. From the crest of the parapet you have already drawn a
horizontal line outwards.  Produce 1t unul it meets a perpendicular,
raised from the crest of the glacis.

Produce also the scarp line, and counterscarp line upwards, until
they meet the above horizontal line: and dot the whole of these
new lines.

78. Then mark the following dimensions on your horizontal line,
namely :

The thickness of your parapet at top ;

The total extent of the base of the exterior slope and of the
berm added together, which is 14 feet ;

The breadth of the main ditch;

And lastly the breadth of the covered way.

On cxamining your section attentively, vou will observe, that
the above distances, namely, the thickness at top of the parapet ;
the base of its exterior slope and be.m ; the breadth of the main
ditch and that of the covered way; could not be maiked in any
way without creating confusion, unless by transferring them to a
borizontal line drawn for the purpose, as above directed, in a place
which does not interfere with the figure.

74. You will next mark the following heights, namely ;

The height of the interior slope of the rampart ; the total height
of the parapet above the ground line; the height of the exterior
slope of the parapet ; and the dip of the parapet.
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75. Mark* also the perpendicular height of the scarp and coun-
terscarp revetments, above the level of the bottom of the ditch,
without including the cordon or coping.

76. Mark the depth of the foundation of these revetments:
and the height of the crest of the glacis above the ground line.

77. Lastly mark the height from the crest of the glacis to the
horizontal line, which was drawn from the crest of the parapet
outwards.

This dimension, which is 16 feet 6 inches, will show the dlf-
ference of level between the body of the place and the crest of
the glacis.

All your principal dimensions are now marked, nothing being
omitted but the details of the interior slope of your parapets, your
banquettes, cordon, coping and palisade ; the whole of which gre
very simple : and as they occur in almost every section, and are
nearly the same in all, you ought to know and keep in mind the
dimensions which are most suitable for them.

It may here be remarked, that it is common, in sections, in any
convenient place not likely to interfere with the figure, to draw a
dotted vertical line, to which the height of various parts may be
transferred and their dimensions marked, for the sake of clearness ; in
the same manuer as some of our disfances in this figure were
transferred to a dotted horizontal line.

A vertical line, thus used, becomes a scale of heights, the nature
of which, and the method of transferring heights to it from any
part of a figure, were fully explained in the first volume,m treating
of the Principles of Plan Drawing.
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1t has not been judged necessary to use a scale of heights in our
present figure, as the principal dimensions can be marked in a
manner sufficiently clear without it; but you may often observe
it in sections, that you are likely to meet with hereafter.

78. InFig.2, you will mark the following dimensions only,
all measured from the ground line upwards, which will seve to
explain the relative heights of the principal works, namely :

The height of the interior crest of the parapet of the curtain;
as also of that of the ravelin ; and lastly the height of the crest of
the glacis of the ravelin.

79. Over your first section write, in a conspicuous mauner, the
words, Fig. 1. Section through the Face of a Bastion, Main
Ditch, Covered Way and Glacis. And under this section, in any
convenient place, insert the scale properly finished, writing above
it, in small letters, Scale for Fig. 1, of 20 feet (o an inch.

'80. Over your second section, write, in a conspicuous maoner,
the words, Fig. 2. Section through the Curtain, Tenail, Ravelin,
&c. And under this section, in any convenient place, insert the
scale, writing above it, in small letters, Scals for Fig. 2, of 80

feet to an inch.

It is to be observed, that the sections you have just drawn, are

-mot taken in one uniform direction throughout, that is to say they

are not taken according t0' any continued right lines drawn from
‘the interior of the fortress to the foot of the glacis; but according
to a line which is supposed to chaoge its direction, from time to
time, in such a munuer, that the section shall always cut perpen-

dwululy across each part of the fortress, which it is intended te
" represent. _
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The reason, that sections must always be taken perpendicularly,
was explamed 1n that part of the first volume, which treats of the
Prciples of Plan Drawing : but on inspecting the plan of a regular
fortress, you will perceive at ouce, that no continued right line can
possibly cut all the various woiks perpendicularly.

For mstance, if you draw a nght line perpendicularly through a
curtain any where near the mddle of it, 1t will also cut the curtain
of the tenail and the break at the gorge of the ravelin perpendi-
cularly, because all these works are parallel to each other ; but if
you produce the same line further towards the country without
changmg 1ts direction, 1t must necessarily cut obliquely through the
1avehn, 8. because the face of the ravel 1s oblique to the cur-
tain.

The diawing, which you have now finished, contains the two
principal and most useful sections of a regular fortress ; and if you
pav proper attention to these sections, and to the outhine of the
half octagon, which you before drew, you cannot fail to have a
good 1dea of the general nature of a fortified place.

In ouder to give you a complete notion of the whole, 1t only
remains to explamn the natwie of some particular parts in detail,
such as the gatcs, budges, &e.

These detals, when considcred separately, will prove to be of
a vury simple nature : but before we proceed to notice them, I
shall add a few miore remaiks upon the profile.

ADDITIONAL REMARKS,

Fiom the pieliminary remarks at the beginning of this chapter, it
will have been under stood, that the term “general profile” implies more
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especially the consideration of the relative heights of the various
works, and of the relative depths of the various ditches, of a for-
tress. The same thing is often expressed by the word relief.

Since THE GENERAL PROFILE OR RELIEF OF WORKS may
vary considerably, without any difference in theis plan ; any for-
tress, which has higher ramparts and revetments and deeper ditches
than another, is said to have a stronger or bolder profile, o1 in
other words a bolder or greater relief, than the other.

In like manner, when counsidered individually, A woRK 18 sa1D
TO HAVE MORE OR LESS RELIEF in proportion to its height.

In fortification, when any work is raised higher than another, it
is said To COMMAND it, or to have a command over it.

For instance in our first figure, the parapet of the bastion is
25 feet 6 inches higher than the ground line; whilst the crest of
the glacis is only 9 feet higher than the same level.

Consequently the face of the bastion, through which the section
1s taken, would be said to huve a command of 25 feet 6 inches
over the country, and a command of 16 feet 6 inches over the
crest of the glacis.

In the second figure, the curtain 1s elevated 24 fect 6 inches
sbove the ground line, whilst the ravelin is elevated only 21
feet 6 inches, and the crest of the glacis of the ravelin 8 feet,
above the same level.

Consequently if thesc various heights are compared together,
the bastion will be 1 fuot higher than the curtain : it will have a
command of 4 feet over the ravelin, and of 17 feet 6 inches over
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the glacis of the ravelin, which is one foot more command, than
it has over its own glacis.

The curtain has a command of 3 feet over the ravelin, of 15
feet 63 inches over the glacis of the bastion, and of 16 feet 6 inches
over the glacis of the ravelin.

The ravelin has a command of 13 feet 6 inches over its own
glacis, but of 12 feet G inches only, over the glacis of the bas-

tion.

The body of the place is always made higher than the ravelins,
and the ravelins higher than the glacis, in every regular fortifica-
tion. In short, as a general rule, it may be observed, that those
patts of a fortress, which are nearest to the center of the place,
should imvaiably be higher or more commanding, than such other
parts of it, as ure more advanced towards the country.

The reason i, that both cannon and musquetry, in almost all
cases, act with greater effect, when fired downwards from a com-
manding work, than when directed from any low situation, up-
wards, against a higher one; and as an enemy, in attacking a
fortiese, must necessarily take the most advanced works first, it
has therefore been Judged best to make them the lowest.

Consequently when a besicging army have taken the glacis
aud covered way, they find themselves exposed to a more com-
manding fiic fiom the ravelins and bastions; and after they have
taken the ravelins or other outworks, they are then exposed to &
commanding fire from the body of the place.

The general rule, in respect to the command of works, which
has just been given, does not apply to the temail. This work,
u7
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although nearer to the center of the place than the ravelin, is made
much lower than the latter. It is even sometimes made lower than
the glacis, but not always : the more usual practice being to con-
struct it of the same height as the crest of the glacis nealy.

The reason that the tenail forms an exception to the above
rule is, that this work is intended chiefly as a screen to cover a
part of the revetments of the body of the place, and particularly
those of the curtain ; which is a matter of mportance, on account
of the gates or sallyports that are usually placed there.

This being the case, the tenail is always hept as low as pos-
sible, consistently with the above object, m order that those parts
of the body of the place, which are behind it, but moie especially
the flanks, may be able to fire over it with good cftect.

In the sections, which you have just drawn, the tenal is made
Jower than the common practice ; but both the body of the place
and the ravelins have a greater command over the glaos and
covered way, than is usually given by the most approved witers
on Fortification,

My reasons, for departing from the common dimensions, and
adopting a bolder relicf, as beig much stronger, " shall be ex-
plaived hereafter.
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CHAP. VII.

OF THE COMMUNICATIONS BETWEEN THE VARIOUS
PARTS OF A FORTRESS. — THE NATURE OF RAMPS,
GATES, SALLYPORTS, BRIDGES, DRAWBRIDGES, CAPQ-
NIERS, STATIRCASES OF' COMMUNICATION, BARRIERS,
BATARDEAUN, AND CUNETTES, EXPLAINED.— GENERAL
REMARKS ON DRY AND WET DITCHES. .

I <hall now eaplain to you those details respecting a regular for-
tress, before alluded to, which could not have been introduced in
ticating of the general plan or profile, without the risk of creating
confusion,

The ramparts of a regular fortress being raised much higher
than the natural level of the ground, and the interior slope being
too steep for men to march upon; it is necessary to have sloping
10ads made at various parts, in order to afford a convenient asceut
for treops and guns.

In Fortification, any road of this kind rising in an inclired plame
15 called A RAMP,

The body of the place communicates with the outworks and
covered way by means of gates and bridges.

The GATES OF THE BODY OF THE PLACE, which in a fortified
city are called the TowN GATES, are usually placed in the middle
of the curtains, and they are arched over in a substantial manner.
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The GATES OF OUTWORKS are also usually arched over, except
when the work is very low. In that case they may be left open at

top.
Guard rooms are gencrally built close to all the gates of the
body of the place ; and near every other gate of impoitance.

I shall now show you the manuer, in which TuL nRIDGES 01 4
FORTIFIED PLACL are usually represented, m a plan.

Draw a front of fortification with a p

ravelip orext‘ ( \

Mark’ two points near the center

of the curtain, and equally distant \\
from it, to represent the position of — -

the gate.

From these points, draw two per-
pendiculars, extending fiom the cur- -
tain to the gorge of the ravelin. —/

These two last drawn lines will represent the sides of the bridge.

In each of the bridges of a fortress, there is usually a draw-
bridge ; that is to say, a part moving upon pivots, which can be
drawn up or let down at will. When it is drawn up, the commu-
wmication is stopped.

TaE DRAWBRIDGE is always placed close to the gate.

Mark off a small portion of the
bridge, in the form of a square nearly, <
by drawing a line perpendicularly \
across it, near the curtain. |
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The square portion of the bridge, thus marked off, is to repre-
sent the drawbridge. The remainder of 1t, no part of which 15
moveable, is called THE STANDING PART OF THE BRIDGE.

The diawbndges of a fortress aie always ¢f wood; and the
standing paits are also usually formed of wood, A number of small
perpenditulais are thetefore drawn across the stunding part of the
brndge, to deoote that it is covered with planks.

Diaw small perpendiculars accord-
ingly.

Two diagonals are usually drawn across that part of the figure,
which 15 to represent the drawbridge; and this part is made nar-
rower than the rest of the bndge.

Rub out the two sides of your drawbndge ; and make it a little
RarTowr,

Then diaw  diagonals connecting
the opposite angles of it.

The bnidge and diawbiidge are now complete, according to the
manner in which they arc usually represented, in plans of fortifi-
cation drawn ou a small scale.

When plans are drawn on a larger scale, it is usual to draw
double hines on each side of the bridge, in order to represent the
width of the railing; and the ends of piers or beams, projecting
beyond the sides of the biidge at certain intervals, are also some-
times represented by small rectangles.

VoL 11, 1
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When any bridge of a fortress is very long, it may sometimes
have two drawbridges instead of one. They are of course placed
at some distance from each other; but ane of them is always close
to the gate, as was before observed.

The tenail has been left out in our present figure, for the sale of
clearness; but if there were a work of this kind in front of the
curtain, there would then be two bridges 1equired in place of one:
the first bridge to extend from the curtain to the tenail ; the sccond
from the tenail to the ravelin

The gate of the ravelin is made in one of the faces, usually
about the center of the face, from whence there is a direct com-
munication to the covered way, by a bridge with a drawbridge
similar to that of the body of the place.*

The principal gates of a fortress, with the bridges leading from
them towards the country, are made spacious and convenient for
the passage of carriages; but even in a very large fortress, if the
ditches are dry, there are not usually above two or three great
communications of this nature.

In the remaining fronts, there arc smaller gateways intended for
infantry only, which lead by a sloping descent down to the bottom
of the dry ditch.

These are called POSTERNS OR SALLYPORTS,

In those fronts, where there are no bri&ges, you ascend from the
dry ditch into the outworks and covered way, by meaus of sTAIR-
CASES OF COMMUNIGATION.

® Sometimes the communication is made near the inward extremity of
the face of the ravelin; and thiy method may, in sowmo rospects, Lo cor-
sidezed prefarable to the former.
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There is usually, for instance, a staircase in the reverse of the
tenail ; also in the gorge of the ravelin.

The staircases for ascending into the covered way are placed, one
at each of the sahents, and one at each of the reentering angles, of
the counterscarp.

Consequently every salient and every reentering place of arms

has its stawrcase. .

These staircases are usually made double, that is to say with two
thghtw of steps, one branching to the right and the other to the left,

We shall now proceed to draw some staircases, in the manoer in
which they are represented, m plans done on a small scale.

Rub out your front of fortification, as also
the bndge and drawbridge, represented in
sour figure, leaving only the raveln, in rear

ot which draw a tenal, Q‘:ﬁ

Draw a double staircase in rear of .the
tenall. Draw also a double staircase in the
middle of the gorge of your ravelin.

&

When the fortress has dry ditches, there are usually works called
CAPONIERS, in each front where there gre no bridges.

A caponier consists of a direct road or- communication across
the ditch, with parapets gn each side to cover it, which are, of
course, raised higher than the general level of the ditch. These

18
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parapets are like that of the covered way, for they slope off out-
wards to the right and left, until they sink gradually down to the
level of the bottom of the ditch; so that each of them forms a
small glacis.

Draw two perpendiculars from the muddle
of your tenail towards the gorge of the ravelm, L

at a certain distance from cach other, m D

order to repr‘cs’entthe crests of the two oppo- \\.‘ Tpess g
i 3 —

site parapets of the caponier. [\xm L

Parallel to the last drawn lines, diaw two
new lines outwards, to the nght and left, to
show the extent of the two small glacis of - P

your caponier.

‘The parapets and glacis of a caponitr are not usually continued
quite close to the tenail and ravelin, but more commonly terminate
at a sufficient distauce from each, in oider to afford convement com-
munications with the other paris of the mam ditch.

Draw lines across the glacis of your capo- ,
nier, parallel to the curtain of the tenail and /
gorge of the ravelin, in order to show the ’ \\\
breadth of the said communications, and at ~r s
the same time 1o 1epresent the proper cxtre- L
mities of yow caponier. ~—mrm—"

Sometitnes the capopier communicates with the main ditch at
one extremity only; namely, that which is most advanced towards
the conntry.
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Gateways or sallyports, covered at top, are usually dotted in the
plan of a woik, and when they are arched, dotted diagonals are
also sometimes drawn to connect the opposite angles of their
extremities,

Represent, by dotted lines and diagonals,
an arched sallyport under your tenal

S:2

In your present figure, the various communications used in a
div ditch are now represented. There is a sallyport under the
tenail, a capomier across the ditch between the tenail and ravelin;;
communications to the right and left from each extremity of the
caponier to other parts of the mam ditch; and staircases to
ascend from the level of the ditch mto the mtenor of the tenail

and raveln.

In ordcr that you may understand the nature of a capomer more
cleaily, we shall neat proceed to draw the section of one.

Diaw a nght hine, to represent the general level of the main
ditch 1 front of the tenail.

Mark two pomts on 1t at a convenient distance, and from thence
raise perpendiculars of equal lengths, to show the hcight of the
two parapets of a caponier.

l ]

From the foot of each peipendicular, set off a certain distance,
Invards, to represent the base of the intertor alope of tbese plra-
pets; and draw the said interior alopes.

N4
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Upon the ground line, outwards, mark points on each side, at an
equal distance, to show the foot of the sinall glacis of the capomer.

Draw the slopes of these glacis, directing them from the ciest
of each parapet, upon the two last-marked pots.

-

/-J\ Pal -

- — -

Sometimes the capomer hay banquettes 1n rear of its parapets

Draw benquettes in rear of each parapet of vow caponier, n

the usual manner.

_.~-’f//f\3\ _431/1_ - -

Rub out superfluous lines, and the section of a caponr will
be complete.

A} -
LS. -—
~
et ~

The parapets of a caponier are intended to protect troops cross
ing the ditch, against the cnemy’s fire.

In passing across the ditch of a ravelin, the enemy’s fire can
annoy you in one direction ouly. Therefore a half capomer, or,
in other words, a communication constructed with one parapct aud
glacis only, is quite sufficient for the ditch of the raveln.

Rub out ome half of your caponier.

/.-/:u-\
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The figure which now remains represents A HALF CAPONIER,
OR nzmcuoﬁmn, as 1t 1s also called.

It was before explained, that cven in a large fortress, there are
usually only two or three prncipal gates and bridges, leading from
the body of the place and outworks to the covered way.

In these paiticular parts, there are spacious roads from the
covered wayv to the country, which of course cut deep into the
glacts and night across at, otherwise they would not be convenient

fur carnages.

.

In other paits, the covaied way communicates with the glacis
by weans of short ramps, which sigmfy sloping roads, as was before
evplaned.

THI RAMPS O0F THE COVFRTD WAY usually proceed from
the faces of the reenteriug places of arms.

In all parts, where the lme of palisading m the covered way is
mtersected by these ramps, there are usually «par gates erected,
which when hut have the same appearance nearly as the palisades

themselsa s
These gatc~ are called THE BARRIFRS OF THE COVERED WAY.

It may heie be observed, that the other gates, before mentioned,
named barricrs of the traverses, which are also crected in the
coveied way, are constiueted in the same manner, as those which
have just been described. .

When the ditches of a fortress are always full of water, a great
number of bridges of communication are of course necessary,
Tho«e which lead from the principal gateways to the high roads
are made wide and strong, m order to afford a convenient passage
for heavy carriages; but those, which lead from the sallyports,
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. serve merely for the use of the troops, are m%de narrower and
Jess substautial,

Boats are also used for the passage of troops across wet ditches,
partly to save expense, and partly from necessity, because towards
the close of a sicge, the bridges are rendered unserviceable by the
enemy’s fire. These boats are usually hept behiud the tenails,
where they are not much exposed ; and sometimes small basons
are made in the gorge of the ravclins to receive and screen them
from cannon shot.

In that case the form of the m.elm will be as ful- \
lows. 4_\/

+

Sometimes, when a fortress is situated near the sca, ot on the
banks of ‘a river, the ditches are constructed in such a mauner, that
they may either be kept dry or inundated at pleasure.

' In order to derive the greatest possible benefit from this expe-
dient, it is usual to have several dams with sluices built across the
*ditch at various parts; by means of which the water may be let
into amy particular portion of the ditch, that you think proper,
whilst the rest of it may be kept dry.

A dam constructed across any ditch of a fortress, for the above
mue, is called 4 BATARDEAU.

‘*"'Aw is a solid wall of more thari sufficient strength to
resist ﬁem pressure of water that may act upon it; and

.

m order thit'it may not afford a convenient passage, across the
ditoh, $0 'on enemwy stiempting to surprise or assault the fortress,
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the top of it is built with a ridge, like that of a staep roof. Con-
seuently the section of it is as follows.

N

]

The batardeaus of the main ditch may either be constructed
before the pomt of a bastion, in the prolongation of the capital ;
or they may be placed in front of, and perpendicular to, a cur-
tan.

I shall now show you the method of drawing a batardeau,
which we shall suppose to be placed before a bastion.
[4
Diaw two fronts of fortification with a counterscarp, but without
tenails or ravelms.

B N
—

Draw two lines across the ditch of the center bastion of your
figure, at cqual distances from the point of the bastion, and
patallel to the produced capital.

These lines will represent the sides of a batardeau.
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Draw a third line, also across the ditch, half way between the
two former and parallel to them, mhich will of course agree
with the produced capital of the bastion, Tlns line will repre-
sent the ridge of the batardeau.

To inerease the difficulty of penctrating into the fortress over
the batardeau, it is usaal to buld a small round tower o1 twirct
over the middle of it, which being raised higher than the rest of
the batardeau, and pointed or shaped Lke a cune at top, presents
an additional obstacle to an encmy.

Represent the TURRET OF THE BATARDEAU, by a small
circle, and rub out that part of the ndge, which will become
superfluous, after the turret is drawn.

,M/JQ,,.\

»  Your batardeau is now complete. It divides the ditch of your
figure into two parts, one of which may be filled with water,
whilst the other is dry.

~ In ditches of this kind, it is of great importance to secure the
dlaices from the risk of being destroyed by an enemy’s fire.
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Sometimes the sluices are placed in the batardesw itself,
grooves or openings being left in the masonry for the purpose of
recening them.

Sometimes they are placed i the interior of a bpstion, with
channcls of commumcation for the water, extending from them to
the man ditch on each side.

In this case, the batardeau it built quite solid across the main
ditch, 1 fiont of the powt of the bastion.

When the ditches of a fortress may be inundated at pleasure,
the bottom of them, after the water 1s let out, must necessarily be
marshy, as it is much lower than the common level of hugh water.
It is therefore usual to have a nanmow moat in the center of &
ditch of this description, to dram off the superfluous water.

\J
A moat of this kind in the nuddle of a ditch is called a
CUNETTE. Asit 1s not excavated with a view to defence, but
for the sake of health and cleanliness, the depth and breadth of
1t w of httle mnportance.

GENERAL REVARAS.

Ditches which may be kept diy or inundated at pleasure, are the
best ; and next to these dry ditches, provided that the revetments
are strong, and of a sufficient height. Wet ditches are the worst of
all, when the works of a fortress are strong, well reveted, and of a
good profile. But if the works are very weak, or merely consist
of earthen, ramparts without revetments, then wet ditches aie the

best ; for nothmg else can secure such works against a general
assaalt,

The great objection to wet ditches is the expeuse of bridges,
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and the difficulty of preserving them. Towands the close of a
siege they are often destroyed, as was before obscrved ; and boats
afford a very precarious communication, liable to interruption and
delays. Counsequently it becomes difficult, sometimes impussible,
to support the tioops in the outworks or covered way when attack-
ed, by sending fresh men to their assistance, so that these worke
cannot, by any means, make such a vigoious defence, as might be
done if the ditches were dry.

The various methods, which may be followed, in constructing
the gates, sallyports, bridges and drawbridges of a forueys, as
also the construction of batardeaus, &c. form a pust of Practicul
not of Elementary Fortification. No detailed plans or sections
of them shall therefore be attempted in the present wark.

The nature of ramps shall, however, be fully expluned, as they
often form s very conspicuous part of the general plan of works
of fortification, which cannot be clearly understood without them,

CHAP. VIII.

OF THE CONSTRUCTION OF RAMPS, AND STAIRCASES,

T shall now teach you the method of drawing the plan of a
_mamp. .

Draw a right line to represent any
part of the scarp line of the body of
the place, as shown in the plan of a L
fortress.

Draw a second line in rear of, and parallel to it, at any con-
venient distance, to represent the crest of the parapet.
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The space, comprehended be-
tween these two lines, will represent
the thickness of the parapet at its
base.

Draw a third parallel in rear of
the last, to represent the back of the P
terreplein, or the top of the iuterior
slope of the rampart.

The <pace, comprehended between this and the second line,
will represent the breadth of the teneplein.

Diaw a fourth parallel, alco in - -
rear of the former, to 1cpresent the
foot of the interior slope of the
rampait.

The space, comprehended between the two last drawn lines,
will of course, represent the said interior slope.

We shall now proceed to draw our ramp, as proposed.

Maik two poiuts on the back of — -
the terreplein, at such a distance
apait as you may judge convenient,
for the breadth of your ramp ; and
fiom these points draw perpen-
diculars backwaids, or towards the
interior of the fortress, to represent !
the sides of your ramp.

It was before stated that a ramp is a sloping road, which gra-
dually rises till it becomes as high as the terreplein.

The length of the sides of the ramp will-therefore depesid upon
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the height of the terreplein above the natural level of the ground.
For instance if the terreplein were 18 feet high, and 1f you thought
it convenient to give the ramp a slope of 6 feet to 1; then the
length of the ramp or of the two peipendiculars, which you have
just drawn, would require to be 108 feet, this being sin times 18.

Counect the extremities of the
Jast drawn perpendiculars by a
right line, whick will show the
bottom of the ramp ; and rub out
that part of the foot of the intervior
slope of the rampart, which mter- -
sects the ramp, as it will now become a superfluous hne.

Ramps being usually constructed of earth or rubbrh , it must
be evident, that the sides of them will not stand perpendicularly,
unless reveted, But the sides of ramps me very seldom reveted ;
and therefore it becomes neccssary to give them a slope.

The ramp being equal in height to the terreplein, at top, must
of course have a slope there, on each side, equal to the ntenor
slope of the rampart.

From the top of each side of the
ramp, you will therefore mark
points to the right and left, at a dis-
tance equal to the breadth or base
of the mterior slope of the rampart.

O

The bottom of the ramp, being on the same level with the
matursl ground, can have no slope. The slope of each side of the
ramp, which is considerable at top, will therefore gradually fall
sway to nothing, at bottamn.
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From those points, which repre-’
sent the extent of the slope of the ]
two sides of the ramp at top, you \

will therefore draw oblique lines to
the foot of the ramp.

a

The triangular space, comprehended between either of these
qblique lines and the adjoining side of the ramp, represents the
stope of that side of the ramp, which, as I said before, i consi-
derable near the top, but from thence falls away to wothing at
hottom,

Rub out those parts of the inte-
rior slope of the rampart, and of
the «lopes of the rump, which inter-
sect each other.

Join the opposite angles where
the interior slopc of the rampart,
and the two doping sides of the \ f

ramp meet each other, by short
diagonal lines.

Tlfese diagonals represent furrows or hollows formed by the
meeting of the ubove slopes; for in all cases, whenever two
oblique or sloping planes meet each other, either a ridge or a
furrow must be formed by their junction, as may be observed in
the roofy of houses.
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The plan of A PERPENDIGULAR RaMP, that 18 to say of a
ramp laid out perpendicularly to the general hne of the rampart,
is now complete.

Sometimes the short lines winch represent the top aund bottom
of the ramp are rubbed out 1 a fimshed drawmg  but 1t 13 morc
correct to show them, because the terreplem, the ramp, and the
natural level of the ground bemg all on different planes, ndges o
furrows must necessarly be formed wheie they meet each otha
Accordingly there 15 a small ridge at the top of the ramp, and a
small furrow at the bottum of 1t.

In fortified places, thac wie usually bmlbdines bchmd the ram-
parts aud near to them, su that a yamp could not convemently
be constructed 1n the manner reprosentcd m our prosent figuse
as it would project too far towards the teu, wd nught therctore
interfere with the streets or houscs.

For this reason, ramps aie seldom or never made perpendicular
to the ramparts of a fortiess, m the manner just explamed, but
obhique to them, and as neurly parallcl to them as possible

— - — -

Rub out your present
famp, and restore your
figure to its ongnal _______ " _ U
state, which being done, we shall proceed to draw a ncw ramp of
8 more convenient form,

Upon the foot of the
interior slope of your
rampart, mark a point
for the bottom of your -+ -

propused ramp.
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Take in your com-
passes  the  proposed
length of your ramp,
which, as T said before, wxll depend upon the helght of the
tericplein ; and with this distance, as a radius, from the above
point as u center, make an intersection on the back of the
terreplem,

\
1

Connect these two
points by an oblique

line, which will sepre- ——

sent one side of your
proposed 1amp.

This shall be called THE CXTERIOR SIDE OF THE RAMP, as
it is supposed to be more advanced towards the country, than the
other side, which remains to be drawn, will be.

From the extremitic s
of the exterlor side of
your ramp, draw per- —_—\
pendiculars bachwards S\
or towards the interior of the work, in order to show THE ToP
AND BOTTOM OF THE RAMP.

Connect these two
perpendiculars by a .
right line, which will — v
represent THE INTE- —

RIOR SIDE OF THE
RAMP.

The interior side of the ramp being, at top, on the same level
VOL. 11. x .
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with the terreplein, must have a slope, there, equal to the interior
slope of the rampart.

Produce backwards -
that  perpendicular,
which represents the
top of the ramp, and
make the produced part equal to the breadth of the interior slope
of the rampart.

et gy b e e o P
.

ce ma s e —

—aa -
st
-
e

"This produced line will represeut the cxtent of the slope of
the interior side of the ramp, at top.

-From the extremity -— - e e e
of the produced line, T
draw an oblique lineto """ =T S -
the foot of the interior e
side of the ramp.

The triangular space, thereby formed, will represent THE sLOPE
_O¥ THE INTERIOR SIDE OF THY RAMP, which is considerable at
top, but from thence falls away to nothing at bottom.

The upper part of the ramp is not yet complete, for it must of
course be continued, until it meets the back of the terreplein.

This may be done by producinig it, either in the same direc-
* . tion, 30 as to form one continued right line, or not, as you think
proper. We shall use the former method.

—

Produce the interior -
side of your ramp, until - —
it meets the terreplein. ,‘ R —

£l -~
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At a distance equal
to the brcadth o1 the *

- -z —
mtenor ape of e =" —\,r“/
L

-
—

ramy ity draw a arght -

Ime i 1 of, aud vaiallel tn, the last-drawn line, in order to
show the slope ot that part of the interior side of your ramp,
whieh romamed wifnushe d.

Connect the anglos, forrued by the meeting of the said slope,
and V'« mterta slope ot the tampart, by a right line, v order to
shew a tunow which wdl be formed there.

Theu 1ub out super- B

fluons lines, aud vour TN
- \ e

ramp will be complete. \

Y nw fizure, inate preent state, represents AN OBLIQUE RAMP,
suchias s almst aovays us d m tortiesses. It affords a conve-
ment passage tar toops and guns, and at the same time takes up
very hittle 1oom towards the rcar,

The dacet ramp, which you hefore drew, is seldom or never
used except i works where the terreplein is very low, such as
ficld works, for mstance.

Sometimes 1+ DOUBLE RAMr is made, which consists of two
ramps, constiucted in contrary directions to each other, nearly
meeting at top.

Rub out every part
of your piesent ramp

e
—

excepting the two sides e\

of it, and those perpen- —

diculms which represent the top and bottom’ of it; and restore the
eniginal form of your rampart,
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At any convenient
distance from the top
of your ramp, mark 2~ _ =1 N L
point on the back of -
the terreplemn, to represent the top of a second ramp, which s
to be wmilar to the former, but constructed m a contrary direction .
And from this powt, as a center, with a radws equal to the
length of vour first ramp, make an mtersection on the foot of
the interior slope of the rampart.

Join these two pomts

by a right line, which —-—- —_ - -
will represeut the exte- ——— -
rior side of your second l T oo
ramp.

Draw the top and - ———————
bottom, and the interim i - oo
side of your second T - ":':_""_‘_—_’_7-__:

ramp, making 1t equal -
to the first in all these
dimensions.

Rub out that part of — --——- -
the back of the terre-
plein, which exteuds be- — [ - -
tween the two ramps: \/j -~
rub out also that part of the foot of the interior slope of the ram-

part, which intersects them.

Convect the upperex- —
tremities of the interior
sides of your two ramps
by a right line ; in order m_——
to show the mew form, which must be given to the back of the
terreplein, in cousequence of the formation of the double ramp.
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Then if you suppose the greatest slope of the interior sides of
your double ramp to be equal to the interior slope of the rampart,

which is usnally the case in practice :
Connect the lower extremities of the interior sides of your two

ramps by anght line; and your double ramp will be complete (See
the fourth of the following figures).

But if the greatest slope of your proposed-double ramp is sup-
posed to be ether greater or less than the interior slope of the
rampurt, then the rule for finishing it would be as follows.

Fiom the top of the -
mtenor side of each of
your ramps, as a centel, ‘"'_T\;’j
with a radius equal to \./__\%—
the gieatest supposed breadth of the interior slope of the ramp,
as a radius, describe arcs.

From the bottom of
each mterior side diaw a

tangens to the nearest " T_—‘ ;fj——-t—
e NS ~o ﬁ-_

aic.

— - - - ——

Draw another line, con-
necting the two arcs,
whichmust alsobe a tan- —————=
gent to them, and pro- T
duce it till it meets the two former tangents.

———N/ T

The three tangents, drazwu under the above supposition, must at
their junction form angles, and consequently ridges or Jurrows,
which, strictly speaking, ought to be represented by right lines in
the plan; but if, by reuson of the great obtuseness of the said
angles, the tangents should have the appearance of one continued
right line nearly; then, it would not be worth while to draw any
lines for the above-mentioned purpose.
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Rub out your arcs: - —————-—— -- -
draw right hmes acros T
your slope to represent " T T ™ - -
Fidges or furrons, 1t you \

thiok it neceysary ; and your double ramp will be complete.

You may here observe, that the interior slope of yow double
ramp is considerable, between and opposite to the tops ot the tvo
ramps, from whence it falls away to nothung at tiv hottom ot each.

Double iamps ate alwavs the most couvement.

When ramps are made behind the faces of apy work, thes wone-
rally meet at top or nearly so, and torin a double 1amp i rcar of
the sahent angle.

In this case the meeting of the two tamps v often made
circular.

Draw a woik with two faces, // ~ N
N\

to represent a ravelu, marking

the paiapct, terreplem, and , / \\\ \?\
\ N\

interior slope of the 1ampait,

Draw two ramps, one on
each face, at an equal distance
from the angle; representing
the slopes of their interior
sides by triangles, as before
explained, but without forming
any commanication from the
top of them to the terreplcin.




RAMPS.

Rub out those lines of the
interior slope of the rampart,
which either intersect your two
ramps, or arc continued be-
youd the top of cach.

Produce those perpendicu-
lars, which repiesent the top
of each ramp, backwards, until
they meet,

From their point of inter-
scction, as a center,, describe
an aic connecting the tops of
the interior sides of your two
ramps, -

From the same center, de-
scribe a sccond are connecting
the adjoining extremities of the
two oblique lines, that wele
drawn to represent the bottom
of the slope of the interior sides
of your ramps.

135



136 ELEMENTARY FORTIFICATION. cuar. viu.

This being done, rub out
superflucus lines, and the
figure of your double ramp
will be complete.

Sometimes double ramps of this Lind are so constructed, that
the extremities of the obhque lines, which represent the bottom of
the slopes of then interior sides, may mect i the same pomt.  In
this case the second arc would be superiluous.

This would take place if the two 1amps, represented m our
present figure, had been placcd a httle neaser to each other at top.

Sometimes, in heu of ramps, staircases ae constructed for
ascending the terreplain of works, but these staucases are only fit
for troops, not for guns or carnages.

They are diawn as follows.

Draw fous hines paral-
lel to each other, to re-
present the parapet, ter-
replein, aud mterior _ _ ____  _ - -
slope of the rampart of

any work.

Draw two lives per- - =
pendicularly across the ——— e
interior slope, to repre-
sent.the total width of L f
a staircase.

Draw two other lines, I

Eud-, near to these,
perallel to them. - __I R
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Between the two last
diawn lines, draw lines
perpendicular to them,
at any convenient dis- _ _ - IE’il )
tance apart, to represent steps: and the plan of A sTAIRCAsSE
oF TRE RAMPART will be complete.

The spaces to the right and left of the steps, which are compre-
hended between each pair of perpendiculars, represent the copings
o1 low parapet walls, which are usually constructed in staircases of
this desciiption.

Staircases even for troops are not of such permanent utility as
ramps, because they are hable to be destioyed by shells ; whereas
ramps when injured may easily be 1epaired. ¢

The STAIRCASES OF COMMUNICATION, in the reverse of the
tenail or ravelin, which you before drew oa a small scale, are drawn
according to the same rule as a ramp nealy, when they are repre-
<ented on a lager scale, such as is capable of showing the slopes
of the revetment.

To explam tlus, we shall draw the plan of a double staircase,
in the manner ailuded to.

Draw two lines
parallel to cachother — —-— — -

to 1epresent part of the reverse of a tenail or gorge of a ravelin:
and let the distance between these two parallels show the slope of
the revetment.

It will be evident that the side of any staircase following the
general linc of a sloping revetment, must also itsclf have a gradual
slope from bottom to top.

Mark points on
the lower line, which - + +
represents the foot of the slope of the revetment, in order to show
the breadth of a landing place at the bottom of your proposed
double staircase.
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From each of these points, as a center, with a radius equal to
the length of your propsud siaircase, describe ares intersecting
the top of the slope of the revitment.

Connect  thewe
points of infersec-  ————ds = - e
tion to the former T T e T
points by right lines, which will represent 11 INTERIOR sibEs
OF THE DOUBLE STALLCASY, commncing from the foot of the
slope of the revetment aud gradualiy risug to the top of it.

Set off perpendiculars fiom each extrimity of the last-dhiawn
rmes, outwards, to tepresait THE 100 AND POTIOM OF it
DOUBLE STAIRCASE.

Let these perpendiculars by equal to cach othur, then length
‘representing the bicadth of the staircase :

Aund connect the r—
extremities of them  _ _ -
by right lines, which e -
will represent THE EXTLRIOR SIDES OF THE DOUBLE 51AIR-
CASE.

The extaior sides of your double staiicuse must uccessaily be
veveted ; and in order that the stais may be everywhere of the
same breadth, this revetment must of course have a slope cqual to
the slope of the original revetment of the work.

Counect the bot- -
tom of each exterior _ i/t\\ == - \
side by a right live, - —_—— .
which will represent the hottom of the revetment of your double
staircase : and connect the top of each exterior side by a right

Line, which will 1epiescut the top of the said revetment.

The space, bounded by the two last drawn lines and the extesior
sides, vepresents THE S5LOPL OF THE REVETMENT OF TuZ
EXTERIOR SIDE OF THE STAIRCASE.
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ous lmes, R - = e

Your starcase in ity present forn resemblcs a double ramp,
wud 15 comstiucted exactly on the same prmciple, but with
this difference, that the ramp 1s constructed m 1ear of the foot of

the mtenor <lope of the rampant, m ordar that 1t may not cut into
and dinnmsh the hicadth of the tareplemn; whereas the staircase
here 1epresented s constiucied 1 tront of the stope of the revet-
ment, and therore does cut nito the mtenor ot the work.

Diaw  perpondi-

cilars to show the

-

steps  and your dou-

hle stancase will be complete ,™ an open <pace, or A LANDING
-

P11 L, bemg represented at bottom.

The mterion <ude of « stancase may somctimes have o coriNe
o low paapct wall, and the 1cvetments may aiso have copings,
which are somctunes 1o prescnted m plans drawn on a large scule.

In that case vour

figuie wou'd requite ~ o

.
[ -
/ -

to be altaied as tul-

-

\ \

lowe,

* Properly speahing, the side s of each «tencase, 1 a la e finished plan,
ought nut o be represented by nght hincs, vut by hines so diawn as to have
the appeasance ot steps, fonmy, 1 had of Getor od secnon of the sta-

_case,  The rewson of ths will be «xamed mChay XL but 1t s reatcely
ever worth white £ i uk wch v 1y minute dotails e plan-chavwing. It is
proper, however, that they should be understood.
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CHAP. IX.

OF BATTERIES.

The guns and mortars, used in the defence of a fortress, are
placed on the terrepleins of the various works in rear of the para-
Ppet, as was before observed.

Wherever guns are placed, openings must*be cut acioss the
upper part of the parapet, for tham to fie thiough, which aic
called embrasures.

In those portions of the ramparts of a fortiess, which are fitted
up as GUN BATTERIES, the parapet hasno banquette bohind 1t.

MorTaR BATTERIFS do not require any embiasures, but
consist of a simple parapet only.  The reason 1, that monas do
not fire at any object in a direct lie, ot nearly so; but pitch then
shells over the parapet, at a considerable elevation.

Batteries, thrown up in the field, do not differ materially from
those which are constructed oun the ramparts of a fortress.

‘We shall therefore proceed to draw the sketch of a field bat-
tery ; baving done which, you will find no difficulty m understanding
the mature of the batteries of a fortress, We shall begin with the

profile or section.

The section of a field battery is exactly like that of a traverse,
which you before drew, only that it has np banquette.



BATTERIES. 141

Draw a ground line, upon which construct the section of a
simple parapet having an interior, a superior, and an exterior slope.

The figure, in its present state, ~
represents the section of a mortar bat- j

tery. -- -

It also represents a section of the solid part of a gun battery :
but if the section were supposed to be taken through AN EVBRA-
st ite, the opening would, of course, requue to be shown.

This is done asfollows.

Maik a point on the interior slope,
about one third way up; and from g
this point, draw a right line across
your parapet, in a direction nearly parallel to the superior slope.

The lnc wluch you have just drawn divides the parapet into
two parts. ‘The under pait 15 supposed to be solid. The upper
part is supposed to be hollow, and forms the embrasure.

In a section drawn through an embrasure, the solid part only of
the parapet is seen in section, the upper part is of course sup-
posed to be seen in elevation.

The bottom of an embrasure is called THE SOLE OF THE
EMBRASURE, and in the section it is represented by the line that

you drew last.

The sides of an embrasure are called THE CHEEKS OF THR
EMBRASURE.

When a battery is made for two or more guns, so that there. are
several embrusures or openings in the parapet; each of those
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solid portions of 1t, which lie between any two embiasures, 15
+¢alled A MFRLON.

But thuse two wohd portions of the parapet which are at the
right and I ft cxtiemities of the batteny, adjor g to the fust and
last embrasures, are called naLy MLKIONS, fiom the dimensions
usually gnen to thum

. i

That part of the parapet of a gun batten, whih 1s below the
level of the «mbisurs and malms, 15 called A0 sorn, on
account ot 1ts bemns sohd thioughont its wh o (et

In erccting a fickd battary, sich as thit of which vou have now
drawn the section, the carth for tor ine the parapet 1= obtuncd
from a ditch excavated m front «1at.

A bamis alwavs left between the foot of th  (xtenor slope
of the paiupet, and the dicvos the Tt

THE DIICH OF A BATITRY 1~ m the first mstance, usually
cut perpendicul u  afterwards Jdopes arc totmed  Fhe ades of
it are called the 1eversc and hont sides ot the dach, mstead of
using the tenng “scarp and o atersemy,” windh do not apply to
such a small work as a ficld battery.

In front of the —
parapet of your bat- / — _\
tery, mark two pomts  —- '~ ~ _— . - -
on the ground hne, ! !

at a convenient dis-

tance, to represent the breadth of the ditch.  From thence drop
perpendiculars equal i fength to show its depth; and draw the
bottom of the ditch by joming the lower extremities of these

perpendiculars.
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The section of the ditch of your battery is now represented by
a rectangle, which shows the form of it before the slopes are
drawn.

Diaw an obligue — -

. /
live to show 1ur f~ -2
\,

RIVERSE sLOPE O} .- -~

Tt pITCIL O 1HYr \ l

BAITTRY, lenmg a
suffic nt bam between it and the foot of the exterior slope of the

puapet.

Draw another obhique hine to <haw 1111 1RONT SLOPE OF THE
DITCH O THT BATIDRY,

Rub out those two perpendiculars which showed the original
torm of the sides of the ditch, btore the slopes were drawn.

And dot those parts
of yom gonnd line,
which would become
awipaifluws moa fi-

ushed <ection.

In cmall ficdld works, such as a battery, the bottom of a ditch
v sometines called THL SO11 Or THE DITCH.

The ouh thing, which is now wanting to complete the scction of
your gun battery, is the platform.

Before T proceed to explain the nature of platforms, I shall
fust teach you the method of diawing the plan of 3 gun battery.

The plan of a simple parapet without embrasures must firsi
be represented.

This will consist of four lines parallel to each other at proper
distances, the three spaces, comprehended between which, will
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wigvesent the ingesior, the supenany:dad the exterior slopes of the
parapet.

Draw four lines accordingly, ——————~--—- -

placing the mtenar slope to-
wards the bottom of jyour

paper.

— e ———— ——— - e e -

« Draw a lm¢ perpendicularly
acrpss the ¢ enter of your ti_ure,
to represent the direction ot
the object agaiast which the
battery 1s supposed to be con- - -
structed.

This Ime 1 called 1007 1i8NT 01 1Py, OR OBITCT TINVE
of the battery. The centa ob vomr anbiasute vught o agiee

with &.

On referring to your scction, vou w,ll pacense that the vem of
the embrasure commences about one thud wiy up the mtenor
slope of the parapet, thercfore it cumot agiec exactly wath ather
of those limes in the plan, which 1cpresent the hottom o the
crest of it It must cousequently be pluced betwnecn the two, but
pearer to the former hne. ‘

Mark a point on the hine of
fire to represcnt the rear of
your gmbrasure, placing it about
one third way up that space
which represents the nterior

slope of the parapet. —
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In like manuer, by referring to your section, you will find that
the front of your embrasure does not exactly agree either with the
top or bottom: of the exterior slope of the parapet, but stands
about one third or one fourth way up that slope.

You will therefore mark a
second pomt on the hine of fire, 4-
to show the front of the embra-
sure, upon that space wlich
repiesents the extenor slope of

the paiapet, but nearer to the iy
fout than to the ciest of the '
said slope.

Through thesc points, draw il

lines perpendicular to the hne

of fire and mtersecting 1t

making the most advanced per-

pendicular the longest. —L-
l

Upon the rear perpendicular, on each side of the line of fire,
mark points at a distance rather less than the base or breadth of
the interior slope of the parapet.

The space comprehended between these two points is to show
the width of the embrasure 1n rear.

On each side of the line of firc, set off upon the front perpen-
dicular, a distance rather less than the base or breadth of the exte-
rior slope of the parapet.

YOL. I1. L
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The space, comprehended
between the two last marhed
.points, is to show the width of
the embrasure in front.

Connect these points by
right lines, and the form of ——-o— -or - e— -
the sole or bottom of the
embrasure will be complete. Lo

Rub out those paits of the ;
original figure, which will L
become superfluous after the
sole of the embrasure is drawn ; Vo
excepting your line of fire, -—-—— 1 ; ————
which you will dot. Tt o

The rear line of the sole of an embrasure, that is to say the
shortest of your two perpendiculars, is called THE siLL or THE
EMBRASURE.

If the cheeks of the embrasure were built perpendicularly, the
above would be a correct plan of it ; but this is not the case. The
‘cheeks almost always have a slope, which must next be repre-
sented.
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On each srde of vour emina-
sure, at a shart distanee from o,
muh  pomts upon the mtam
croat of the pare tn 1, to 1 present
the baw ot the <ope ot the
chechs of the cmbrasire at that

pat

On ich side of yvour anbra-
stire, at @ short distancc £ om 1,
marh also powts upon the \te-
1ot crest of the puapct, m
order to show the base of the
ope ot Qe chechs of the cmbia-
sure at that part.

On ewh side of the embra-
swie, draw ncht hngs, comiect-
wy the above pomts, fiom
which vou will also diaw night
lnes to the adjomuns angles or
asttcmities of the sole of the
embrasuie.

Rub out supartluous paits of
sour ongmal patapet, and the
plan of an cmbiaswe for one
gun 15 now complete . the sole
of the embrasute, and 1HE
STOTL OF THT (HTIKS O}
THL 1 MURASURFE being dis-
tmctly scen,

The narrow part of an embrasure, that is to say the rear of it,
is called THE NECK O THE LMBRASURE.
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The broadest part or front of an cmbrasure is also called THE
MOUTH OF THE EMBRASURE.

In rear of the cmbrasure, a platform 15 made for the gun to
stand upon, whlst 1t 1s fired; otherwise from its great weight the
wheels of the carnage would smk into the ground, and st would
soon become unmanageable.

The rear or tail of THE PLATFORM is parallel to the front of
the battery : the platform 1s broader in rear than 1 frout, and
the center of it exactly agrces with the line of fire,

Draw a platform accordingly.  Let the front of it agree with
the bottom of the interior slope of the parapet; and make the
width of it in front equal to the width of the mouth of the
embrasure nearly.

Make it wider by about one
balf in rear than in fiont; and
let the length of it be rather less
than the thickness of the para-

pet at top.

H

In a regular fortress, platforms are sometimes made of hard
stone or of strong cement; sometimes they are made of wood.
In a field battery, platforms are always made of wood.

The upper part of the platform, upon which the gun moves,
consists of planks, which are laid perpendicular to the line of
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fire. In the front there is one piece of stout timber raised several
inches higher than the planks, which is called a hurter.

The hurter strengthens the front of the platform, aid may also
sometimcs be useful by checking the wheels of the gun carriage.

Draw parallc] lines across your platform to represent a hurter
and planks.

The figure, n its present
state, represents the plan of a
one-gun battery, complete in
etery respect, excepting the
ditch, ihich is of so very sim-
ple a nature, that it was not
thought necessary to introduce
it, for the sahe of further
eanlanation.

The space, between the bottom of the parapet, and the nearest
parallel, will of course represent TUE HURIER.

Tue pLanks of a platform, lile those of the floor of a house,
rest upon beams of timber, to which they are spiked or screwed
down; and without which, it may easily be conceived, that
the platform would not be sufficiently strong.

The beams, which support the planking of a gun or mortar
platform, being sunk into the ground, are called sleepers.

In a gun platform five slcepers are commonly used. The mid-
dle of the center slceper exactly agrees with the line of fire. The
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two outside sleepers are placed so as uearly to agree with the two
sides of the platform : consequently they are not parallel o the
center sleeper, but obhque outwards from fromt to rear.  The
two remaining sleepers aie pluced half way between the center and
the outside ones.

The whole of Tui. sSLEEPERS estend as far a8 THE TAIL OF
THE PLATFORM.

Rub out youw plattorm and
draw five sleepers accordiugly.

Your plan, m its present state, represents a gun batters after
the slecpers ure laid, but before the planking is placed.

What an embrasure gains in width towards the fiont is called
THE SPLAY OT THE EMBRASCURE ; aud in like manner, what a
gun platform gains in width towards the rear is called Tne srray
OF THE PLATFORM.

The embrasures and platforms of a gun battery are constructed
with a splay, in order that the gun may be able conveniently to
traverse, or change its direction towards the right and left, and
thereby command a greater scope of fire.

Gun platforms have not only a splay, but a slope, the tail of
the platform being always mde higher than the front of it.
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To explain these particulars more fully, I shall proceed to teach
you the mcthod of dhawing the section of a gun platform.

Io 1car of the utenor slope of the parapet of the gun battery,
av represented in the section which you before drew, set off a dis-
tanr ¢ rather Loss than the thickness of the parapet at top, in order
to sepiesent the leneth of the platforn; and from thence raise a
short pupendicular to show the height of the slope of the platform,
or, as 1t 1s usually called, T RISE 01 THE PLATFORM.

From the top of this perpendicular, draw au oblique line to the
foot of the mtenor slope of the parapet.

This lme will 1eprecent the top of the platform sloping up-
waids fiom front to rear.

[i. its present state the tail of the platform appears higher than
the ground line. . The carth in rear of it would therefore require to
be 1ased, in such a mamner as to give it u solid foundation or
bearing.

Fiom the top of
that  peipendicular,
which represents the  ——- S W
heyghit of the platform in rear, you will therefore draw au oblique line,
backwards, to any convenient point on the ground line, in order to
show the manuer in which the earth in rear of the platfoim may be
raised.

In this, and in the two following figures, given in the book,
the ditch of the batlery, which was represented in our last section,
is omitted, for the suke of cleurness.

Rub out that peipendicular, which shows the height of the plat-
form in rear: aud dot such parts of your ground line as will
become superfluous, afier the parapet and platform are diawn.

Draw a line, at a short distance below THE sLOPE OF THE
PLATFORM, parallel to it and equal to it in length, to represent
the bottom of the planhs.
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Draw another parallel line below the former, but at rather a
greater distance, to repiesent the bottom of a sleeper.

Draw short per-
pendiculars connect-
ing the extremitics -

of these three parallel lines in front and 1ear, in oider to show the
ends of the platform.

Rub out a small part of the front of your planking in order to
make room for a hurter, which 1s supposed to be placed there  and
above the front of your sleeper, draw a small square or 1ectangle
close to the interior slope of the parapet, and lugher than the
planking, to rcpresent the said hurter.

Lastly, draw small
perpendiculars across
that space which 1e- - - .

presents the planking, in order to show the mdividual planks.

The section of your battery 15 now complete, w which every
part of the platform, namely the slecper, planks, and hurter, are
distinctly represented.

When a field battery is constructed, in the manner represented
in our present figure, <o that the platform 15 placed on the natural
surface of the ground, whilst the whole of the parapet 1s ruised
above that level ; it is called AN ELEVATED BATTERY,

When a field battery is raised so ngh, that the platforms do not
stand ou the natural level of the ground or neaily so, but on a
terreplein elcvated some fect higher; it is called A cavaLiER
BATTERY.

ier batteries are very seldom used on account of the great
labour attending the construction of them, by reason of the bold-
ness of their profiles ; but elevated batteries are in common use.



BATTERIES. 158

There is another kind of field battery also very frequently used,
which is called A SUNKEN BATTERY, in order to distinguish it
from the former; and the construction of which is the least labo-
rious of all.

In batteries of this description, the interior of the work is sunk,
aud the platforms consequently laid two or three feet below the
natural ground level, whilst the upper part of the parapet only is
raised above it.

Sunken batteries are not well calculated for explaining the
nature of those which are constructed on the ramparts of a fortified
place.  We shull therefore take no further notice of them at
present.

Gun platforms are constructed with a slope, in the manner
represented in our figwe, i order to prevent the gun carriage
fiom recoiling or running back too far, when the gun is fired : for
after the gun recoils in this manuer, it must always be moved up
again, close to the embrasure, before it is fired a <ccond time,
This operation, which otherwise would be very luborious on
account of the weight of the gun, is iendered much casier by
means of the slope.

Mortar platforms have no splay nor slope, being generally
square, or at least rectangular, and laid quite level. The front of
them is placed at some distance behind the parapet.  They have
sleepers and planks only, without any hurter. They must be
made of stronger materials than gun platiorms, because the recoil
of mortars, when fired, acts with a cousiderable shock down-
wards, tending to break or crush the woodwork of the platform,
which is not the case in the firing of guns, or at least in a very
small degree.

When the plan of a battery is drawn on a very small scale, the
interior and exterior slopes of the parapet are omitied, as also the
slopes of the cheeks of the embrasures.
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The parapet, in this case, is represeuted by two parallel lines
ounly, and each embrasure by twe oblique hues drawn across it,
which sometimes meet in rear, forming an scut. wnale.

In drawing a battery on a small scale, the plodonas arc also
omitted ; but mortars are usually 1epresentcd by small ewcles i
rear of the parapet.

Draw two parallel lines to represent the  ___ )
front of a batters. e e

Represcnt three  embiasures for guns - - -
towards the nght, and four mortais to- . -
wards the left, of yow battery, in the mannar above descnibed.

verses are often made n batteries. One end of them 1s
generally joued to the ciest of the parapet.

Traverses nem the center of a battery are always lad out at
might angles to the parapet.

Traverses, at the extremity of a battery, are generally lad out so
as 1o form rather an obtuse angle with the face of the battery,

Draw A CENTRAL TRAVERSL between the guns and mortars m
your present battery, forming a 1ight angle with the face of yow
battery.

Draw two additioual traverses, one at each extremity of yow
battery, forming an obtuse angle with the face of it.

This bemg done, rub out superfluous /A = /0
parts of your original parapet. (/ 0029,

A flanking traverse, at the eatremity of a battery, 15 called AN

EPAULMENT.
v
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The section of epaulinents gdiffers very little from that of the
parapet of the face of the battery ; but they ure usually made rather
thinuer, unless they should be vxposed to a direct fire.  In that
case they must have the same thichness as the parapet of the
battery.

Epaulments must alway< be joined to the crest of the parapet.
Thus is not absolutely necesswy in tiaverses, which are sometimes
separated from the pagapet of the battery by a small passage.

Tiaverses of this hind wme called DISENGAGED TRAVERSES.

Rub out the traverse, represented in A- SN,
your present figure, and draw a disen- 4// Co .0 & :
L)

gaged taverse in lieu of it.

Traverses joined to a parapet at one end, like your former one,
ae called FNGAGED OR ATTACHED TRAVERSES.

[t doscubing @ battery, when the term  traverse ” simply is
mentionad, without speeifymg particularly what Lind of traverse it
155 an engaged traverse, as being the most common, is always
unplied.

A battery, which thiows its shot in a direction nearly perpen-
dicular to the line of uovops, or to the face of a work, against
which it may be firing, is called A PIRECT BATTERY.

A battery, which throws its shot in a direction oblique to the
line of troops or to the face of a work, against which it may be
firing, is culled AN OBLIQUL BATTERY. .

A battery, which takes a line of troops or the face of a work
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exactly in flank, throwing its shop from oue extremuty of the line
towards the other, is called A RAKING OR ENFILADING BAT-
TERY.

A battery, which takes a line of troops or the face of a work in
rear, orin reverse, is called A REVERSE BATTERY.

Consequently, according to the direction in which they arc fired
upon, a line of ticops or the face of a work may be said to be
exposed to A DIRECT FIRF, AN OBLIQUE FIRE, AN ENTILADING
FIRE, OF A REVERSE FIRE.

t

In a fire of cannon and musquetry, the balls are impelled in a
right line nearly;* from the muzzle of the piece towards the
object fired at.

In a fire of mortars, on the contrary, the bomb or shell
describes a considerable curve 1n s fight. It is first thrown
upwards at an oblique angle, usually of 45° and falls down
upon the object at the end of its course.

. From the difference just mentioned, a fire of mortars 1s some-
tmes styled A VLERTICAL FIRE; whilst the fire of cannon or
musquetry is styled A HORIZONTAL FIRE.

It will be observed, that these terms are not strictly accurate, for
a shell does not fall vertically in any part of its flight, and balls are
seldom fired in a direction exactly horizontal.” They serve how-
ever, in a general view, to mark the distinction between the two

modes of firing.

* Thd term “ nearly” is used, because, strictly speaking, the balls
describe a curve in their flight; but these curves are very inconsiderable,
except at long ranges, when the fire becomes uncertaa.
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CHAP. X.

CONSTRUCTION OF THE SECTIONS AND PLAN OF A

T'lELD BATTERY.

The three sections and the plan of a battery, which are now
about tn be explained, are contained in the third and fourth
plates of this volume, but us usual, on rather a smaller scale,
than o lad down w the texd. It was judged proper to divide
them, in order to suit the size of the book ; but the same necessity
does not apply to the Learners, who may conveniently comprise the
whole of these figures upon a common-sized sheet of drawing
paper. It will be observed that the following directions are

calculated for that
purpose, and when
the learners shull
have fimished their
drawings  accord-
ingly, the various
Jigures, illustrated
n this chapter, will
be.arranged within
the limits of the
sume margin, wn the
Jollowing manner®

Section 1. Section 2. Section 3.

PLAN OF THE BATTERY.

This being explained, we shall procecd with our constructions.

* Before they do their finished drawings, the learners ought previously
to draw the scctions scparately on a larger scale, for a reason stated at the

ord of the comstruction of Fig. 3. Sec page 170
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1. Draw a rectangle for your margin, about seventeen and a
half regular inches by twenty-five.

2. Make a ~cale of ten feet to an inch. It is constiucted as
follows.

Draw a right line seven inches long: divide it into seves equal
parts: subdnide the fisst disivon of it into ten equal parts : and
make the nnddle subdivision more con<picuous than the other.

Under the Ioft extie mity ot vour scale wite the numbe 10 ; and
from thence wiite suc. ~anvely under each division the figur. 0, and
the numbuis 10, 20, 30, 10, 50, and 60,

8. About two regular iuches and thyee guarters below the top ot
your margin, diaw a hne paallel to it, for the ground ine of the
sections which are about to be diawn,

.

FIGURE 1.
SECTION O6L AN TLLVALLD VORI AR BATTERY.

4. Atany comenant distireg, for iustance, at about two and a
guarter regular mchey bom the deft ade of your margm, math a
poiat on your greund hing, tor the bottom of the mterior slope of
the parapet of yow battery.

5. Set off 1 foot, 10} inches, for the base of the mtenor slope of
the parapet: raise a perpendicular of 7 fect 6 inches, for the
beight of the parapet ; aud draw the iutetior slope, which will be
in the proportion of one fourth of the height.

6. From the crest of the parapet draw a horizontal line, out-
wards, 18 feet long, for the thickness of the parapet at top.

From the extiemity of this horizontal line, drop a perpendicular
to the ground line, upon which perpendicular, set off 1 foot G
imches, from the top downwards, to represent the dip of the para-
pet, which will be in the proportion of one twelfth.

ey
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7. Draw the superior slope: of the parapet. "

The lower pait of the last drawa perpendicular will represent
the exterior height of the parapet, or in other words the height of
the exterior slope.

8. The base of the exterior slope must be equal te its beight,
which is 6 feet.  You will therefore set off this divtauce upon the
ground line, and draw the exterior sidpe accordingly.

. Make the berm 5 feet wide, measuriag from the foot of the
exterior slope of the parapet outwards.

10. Fiom the extremity of the berm, measure G feet further
upon the ground Tise, which will be equal to the basc of the
1everee slope of the diteh.

From thence diop a perpendicular of G fect for the depth of the
ditch ; and juin.the outside of the berm and the foot of this per-
pendicular by an oblique line, in order to represent the reverse
~lope of the ditch, the proportion of whichisas 1 to 1.

11. Draw a horizontal line 14 feet 6 inches long, to show the
width of the ditch at bottom ; fiom the eatremity of which raise
a perpendicular mecting the ground line.

12, In front of this perpendicular, set off 4 feet upon the
ground line ; which will be equal to the base of the front slope of |
the ditch.

Join the point, thus inaiked, and the foot of the last drawn per-
pendicular by an oblique line, in order to represent the front slope
of the ditch, which is in the proportion of two thirds.

13. Atthe distance of 7 feet in rear of the interior slope of your
parapet, mark a point upon the ground hine for the front of your
moitar platform.

Let your platform be 8 feet long; and mark a second point
upou your ground line, at the above distance in 1ear of the former,
to show the tail of it.

That part of the ground line, which is comprehended between
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these two points, will represent the top of your platform, which is
supposed to agree with the nataral level of the ground.

14. Draw a line parallel to the top of your platforin at the dis-
tance of 4 inches below it. The space compichended between
the two will show the thickmess of the planking.

15. Draw a second line parallel to the top of your platform, at
the distance of 8 inches belowfthe last drawn line, 1n order to repre-
sent the bottom of a sleeper.

16. Draw perpendiculars 12 inches long in front and rear of
your platform, to show the extrémities of yowr planking and
sleeper.

It next remains to represent the individual planks of the platform.
These may of course be of vartous breadths ; but n the present
instance, we shall suppose them to be each 1 foot broad, in whuch
case eight planks will be sufficieut for the whole platform.

17. You will therefore divide the length of your platform into
eight equal parts, and at all the points of duision, thus found, draw
small perpendiculars aci0ss the planking to show each plank.

Your platform 18 now complete, 1t not heng usual to tepresent
the spikes o1 screws, in a s ction done on so small a scale.

’ The interior slope of the paapet of a held battery is usually
‘peveted with sand bags or fasemes,* ather of which materials will
stand very well at a slope of ene fourth, such as we have given to

our present figme.

Let us supposc that our mortar battery is to be reveted with fas-
cines. Before we proceed to represent this hind of revetment, as
it appears in a section, some explanation of the nature of it will

be proper.

® In a mortar battery, it is not always cssentially necessary to revet any
part of the parapet, although it is usually donc. In a gun battery, rovet-
saents may be comsidered indispensable.
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A PASCLINE is a faggot composed of rushwood, strongly pressed
and bound together in a eylindrigpd form.. Fascines are usually
made of ubout 9 inches in diamcter, and may be of various
leugths, but are seldom used less than six feet long.

In building with fascines, they are lsid in coumes one abave
the other, so as to cover the whole slope or surface, that is to be
reveted; and the work is secured' by driving Pickets or stakes,
sevcral feet long, through each fascine, into-jhe body of the
parapet or other mass of carth, which a revetment of this kind is
intended to setamn. ’

"These particulars being explained, we shall continue _our
section.

18. The fiat or lowest course of.a fascine revetment is usually
sunk a few inches Yithe ground. You will'therefore produce the
terior slope of your purapet about A-inches below the ground
line, to show the depth at which the first course of fascines is
proposed to be laid.

19. Mark also a point ypon the interior slope, at the same
distance below the crest of the parapet.

20. Divde the distance between the two points, thus marked,
into ten equal parts, in order to show the height of the several
courses of fasciues, each of which s supposed to be about nine
inches in diameter. '

21, Ten small circles of that diameter, must next be drawn to
agtee with the above spaces, and in such a manner, that the back
of each circle shall touch the interior slope of the parapet.

If your iustruments are not fine enough to describe such very
small circles in the usual manner, the most convenient method of
drawing them will be as follows.

First draw a line parallel to the interior slope of the parapet, at
the distance of 9 inches in front of it; and afterwards draw small
Perpendiculars to this line, from the various points which were

YOL. 11. M
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marked on the interior slope, in order to show the height of the
several courses of fascines, ¥

By this meaus, you will form ten small squaies, one above ano-
ther, equal to each other and touching the interior slope of the
parapet.

Then by rounding off the angles of all these squares, you will
convert them into ten small cucles of about O mches diameter, as
above required, in order to show the suvaral courses of fascnes,
used in your revetment.

The 1ASCINE PICRITS ought mext to be represented, but as
theie are pickets supposed to be dinen thiough every course from
the bottom upwards, as was before ohserved ; the whole of them
would not be itroduced m a figwie done on o small a scale,
without creating confusion. W e shall thaforg only draw those
pickets, which will be sufficient to cvjlun the method used in
driving them ; namely, onc picket through the fourth, a second
through the seventh, and a third through the tenth or uppeimost
course of fascmes

22. At the distance of 3 feet 6 inghes, m front of the mtenor
slope of your parapet, mark a point upon the ground line, n
order to show the poution of the sharp cud of a picket, supposed
0 be driven thiough the middle of the fourth course of fascmes.

A piclet usually taper, being smaller towards the pomt than at
the head. On so small a scale 1t 15 not worth while to notice this
differencc. The sides of the pichet may therefore be represented
by lmes nearly parallel, so that the section of it will exactly
resemble that of a palisade.

Draw the section of your picket accordingls, makmng it about
13 inch thick, Let it pass through the center of that circle which
represents the fourth course of fascines ; and let the sharp end of
it terminate upon that point on the ground lise, which was marked
for the purpose of determining the position of the said picket.

e5. Through the middle of the seventh and teuth courses of
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fascines of your revetment, draw two mew pickets, in a direction
parallel to that of the former picket, and equal #o it in length and
thickness.

24. A small portion of the original interior slope of the parapet
remuins above the uppermost fascine. Alter this part of your
parapet a little, by drawing anew line with rather a greater slope:
the above small portion of the interior slope being supposed to

remain unreveted.
-

-
The section of your mortar battery is now complete.

FIGURE IL
SECTION OF AN ELEVATED GUN BATTERY.

25, At amy comvenient distance, not likely to interfere with youwr
former figure, for instance, at ahout twelve and a quarter regular
inches from the left side of your margin, mark a point, upon the
same ground line, to represent the bottom of the interior slope of
the parapet of your propused gun battery.

26. Malke the base of the interior slope of your parapet 1 foot
104 inches. Let your parapet be 7 feet G inches high ; and draw
the interior slope, which will be in the proportion of one fourth of
the height.

27. Make your parapet 18 feet thick at top: give it a dip of
1 foot € inches, which is in the proportion of one twelfth; and
draw the superior slope. *

Draw also the exterior slope of your parapet, making the base
of it equal to its height, which is 6 feet.

28. Make the perpendicular height of the sill of your embra-
sure 2 feet 9 inches above the ground line, by marking a point at
that height upon the interior slope of the parapef.

M2
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29. From the ahove point draw & horizontal live, outwards, 12
feet in length, from the extremity of which drop a perpendicular of
6 inches.

Join the sill of the embrasure and the foot of this perpendicular
by an oblique line, which ycu will produce umtil it meets the
exterior slope of the parapet. .

This oblique line will represent the sole of the embrasure, which
has a small dip or slope downwards. The above horizontal line
and perpendicular are imaginary lines, andgwere drawn mcrely for
the purpose of determining the said dip, which is in the proportion
of one twenty-fourth.

. In rear of the parapet, set off 15 feet upon the g\'ound ling,
forthe length of the platform; and rasc a perpendicular of 10
inches to show its rise.

S1. Join the top of this perpendicular and the bottom of the
interior slope of the parapet by an oblique line, which will repre-
sent the top of the platform.

$2. Parallel to the top of your platform, at the distance of 24
inches below it, draw a line to show the bottom of the planking :
and at the distance of () inches below the planking, draw a second
parallel line, for the bottom of a sleeper.

83. Upon the front of your sleeper, and touching the parapet,
describe a figure resembling a small square, having its sides each
8 inches, in order to represent the hurter.

34. Divide the remainder of your platform, in rear of the
burter, into 15 equal parts, and at each point of division, draw
small perpendiculars across your planking to represent individual
planks.

” Draw also two small perpendiculars for the ends of the sleeper.

The section of your platform is now complete; and it only
remains to represent the form of the ground behind it, a part of
which is supposed to be raised as high as the rear of the platform,
in order to give if*proper salidity. °
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35. For this purpose, from the highest point of the tail of your
platform, draw a horizontal line backwards, 2 feet long, to repre-
sent a portion of the ground immediately behind it, which may be
made level. We shall suppose the remainder of the raised ground
to be formed with a slope.

36. From the extremity of your horizontal line, drop a per-
pendicular to the ground line, to show the height of the said slope,
in rear of which sct off 2 feet G inches upon the ground line, for
the base of it, and draw the slope.*

37. Malc the berm of your battery 3 feet wide.

98. Set off 6 feet for the base of the reverse slope of your
ditch ; and draw the said slope, making the ditch G feet deep.

°9. Make your ditch 11 feet wide at bottom: and draw the
front slope of the ditch, giving it a base of 4 feet.

The ditch of your gun hattery, which is now finished, is made
smaller than that of the mortar battery, which you before drew,
although the parapcts m both sections have the same general
dimensions. The reason of this difference may easily be under-
stood. The parapet of the gun battery has embrasures or large
openings left in it at ceitain inteivals ; wheieas that of the mortar
battery is solid throughout. Consequently the former requires less
earth than the latir ; and may be supplied from a smaller ditch or
excavation.

In a gun battery, not only the interior slope of the parapet,
but also the checks of the embrasures are reveted. The former

® Tn the rough section of a gun battery, contained in the preceding
ehapter, the slope is represented close to the tail of the platform, without
any level space between. ‘Thut method would be too weak in practice, as
may appesar evident on inspecting the figure alluded to, which was drawn
morcly for the sake of explanation (See page 152),
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should have a slope of at lcast one fourth, as represented in our
figure; but in the revetment of the checks, the slope is usually
diminished to one sixth of the height.

The section of your gun battery is now complete; with the
exception of the revetments, which we shall not introduce in om

Present figure, as they might make it appear confused.

FIGURE IIL

SECTION OF THE EPAULMENT OF AN LLEVATED
BATTERY.

40. At any convenient distance, not likely to interfere with your
last figwe, for instance at about four regular inches and three
quarters from the right side of your margin, mark a powt upon the
same giound hne for the bottom of the mterior slope of the
epaulment.

41, Male the basc of this slope 1 foot 10} inches: let the
beight of the epaulment be 7 feet 6 inches ; and draw the uterior
alope of your epaulment accordingly.

42. Make your epaulment 12 feet thick at top, which is two
thirds of the usuxl thickness of the parapet of a battery. Give it
a dip of 1 foot 6 inches; and draw the extcrior slope of your
epaulment, making the base of it equal to its height, which is
6 feet.

48. Male the berm 3 feet wide.

" 44. Make the reverse slope of the ditch of your epaulment
6 feet: let the ditch be 6 feet deep, and G feet 6 nches wide at
bottom ; and give it a front slope of 4 feet.

, Qur section is now complote, Jyith the exception of the revel-
ment, which we shall next proceed to draw.
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Let us suppose that the battery, of which our present figure
repiescuts the epaulment, is reveted with sandbags.

SANDBAGS are strong bags of an oblong jorm, which when
requued for use are filled “With carth and tied up. They are then
built m courses, m propoition as the work is raised of which they
are 1o foim the 1evetment, and are Jaid exactly like bricks or
stones in the front of a wall, being disposed alternately as headers
and stretchers.*  Consequently, when viewed from a certain
distance, a sandbag revetment has very much the appearance of
a stone wall.

W shall suppose the average length of each of the full sand-
bags composing the revetment of our battery to be £ feet, their
average width to be 1 foot, and their averuge depth 6 inches.}

It is usual in practice to level the ground for the first cowse of
sandbags, somemnes sinking a few mchen below the surface, in
order to give ita proper bed or fou jon; . bui it is not worth
while to notie the groove, which may thus be formed, on so
small a scale as that of our present section.

45. You will therefore divide the interior slope of your battery
into 15 cqual parts, and mark points accordingly, to represcnt the
height of the several couises of sandbags, each of which, as before
mentioned, i3 supposed to be G inches high.

From the vaious points, thus marked, draw short lines, out-
wards, parallel to the ground line, in order to represent the top
and bottomn of the several courses of sandbags.

* In building, a stone or buich s called # header, when one end of it
agrees with the face or surface of a wall ; but if laid in such a manuor that
one of its sudes agrees with the face of the wall, it is termed a stretcher.

t The actual duncnsions of the sandbags used in the British service are
a little less than the above, wlm.ll bave been chosen in preference, being
whole numbers.
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46. In front of the bottom of the interior slope of your epaul-
ment, mark a point upon the groundliue, at the distance of 2 feet;
and from this point, draw a line parallel to the interior slope,
meeting the first or nearest of the last drawn parallel lines.

This will form a small parallelogram resting on the groundline,
the base of it being ¢ feet, and its height 6 inches, which is
intended to represent a sandbag of the first or lowest course of
the revetmnent, supposed to be laid as a header.

Every alternate course of sandbags is supposed also to be
laid as a header; and the top and bottom of every cuurse is
already drawu : it therefore only remains to diaw the back of each.

47. Parallel to the interior slope of the epaulment, aud at the
distance of ¢ feet messured horizontally, you will therefore draw
lines to represent the back of each of the remaining odd courses of
your revetment, ¢ ing with the 3d, 5th, 7th, &c. and
coutinuing in the um in regular order, until the whole
are fidished. This being done, all the odd courses in your sand-
bag revetment will be represented by small parallelograms equal
to each other. The even courses must next be drawn; which is
done according to the samne method nearly.

48. Upon that line, which represents the top of the first or the
bottom of the second course of sandbags, mark a point at the
distauce of 1 foot, measured horizontally from the interior slope
of the epaulment; and from this point draw a linc parallel to the
said slope aud meeting the bottom of the third course of your
fevetment.

By this means you will have formed a new parallelogram,
smaller than those which you before drew, but of the same height.
This is intended to represent a sandbag of the second course of
the sevetment, supposed to be laid as a stretcher, and which con-
sequently occupying less depth in the section of a work, than
guother sandbag of equal size laid as & header would do.

49. Repmnm,intlummmﬁer, the back of all the remain-
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ing even courses of your revetmeut., that is to say of the 4th, 6th,
8th, 10th, &c. &c., by lines drawn for that purpose, parallel to the
interior slope, at the distance of 1 foot set off horizontally.

This being done, the whole of the courses of your sandbag revet-
ment will be represented in your section by small parallelograms of
two ditferent sizes, the longest of them representing the HEADERS,
and the others the sTrrTcHeRs. These small figures must next
be altered a lLittle, in oider to give them a more exact resemblance
of saudbags.

30. Round ofl’ in a small degree all the angles of your parallelo-
grams, but particularly of those ends of them, which are supposed
to be sunk or buried in the body of the parapet; besides which,
you will further alter your headers, by making to the buried end of
each a small addition, in order to represent the form of the neck of
the sandbag, which is supposed to be tied up, as was before
observed. ,

The revetment being now correctly represented, your section is
complete.

1. Pen your thice sections, leaving breaks in the groundline
between them, to show that they are distinct figures; and dot the
imaginary lines, excepting that perpendicular in your first figure,
which represents the iuterior height of the parapet, as also the cor-
respouding perpendicular in your third figure; neither of which
could well be introduced, without making the revetments appear
confused.

52. Over your first figure, write, in & conspicuous manner,
Section of an elevated Fascine Mortar Battery.

53. Over your secend ﬁgureﬁ write, in a couspicuous manner,
Section of an elevated Gun Baltery.
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54. And over yoar third ﬁgm;, wiite, in @ conspicuous matner,
Section of the Epaulment of an elevated sandbag Buttery.

Before the Learners draw their sections on a scale of ten feet (o
an iiich as above directed, in oider to form part of a complete
drawing, including also the plun within the same margin . it will
be best for them to draw the sections separately on a much large:
scale, such as five feet to an inch,® because the former scale will
scarcely be lurge enough to give a just notion of the smaller paits
of «a battery, as represented i a section, unless the diuting i
executed with very great neatness and uccuracy.

PLAN OF AN ELEVATED BATTERY TOR THRTL GUNS
AND FOUR MORTARN.

1. At any comenient distance, for instance at about nine regulai
inches and a quarter, below the giound line of youwr sections,
and parallel to it, draw a right line scross your paper to 1epresent
the bottom of the intenior slope of the parapet of your proposed
battery.

The length of the battery, which mugt be sct oft upon the abose
line, will be as follows. The thiee guns, at 18 feet each, which i
the usual interval allowed per gun, will take up a space of 54 feet:
the four mortars, at 15 feet per mortar, will require a space of 60
feet; and we shall allow 12 feet for the breadih of the base of a
traverse, supposed to be placed between the guns and mostars.
This gives a total of 120 feet for the length of the battery, exclu-
sive of the epaulments.

$ In making a scale of 4 or 5 feet to an inch, the line drawn for that pur-
pone should not be divided into parts of 10 feet, but into divisions of 1 foot
each, and the left division of the scale llwuld he subdivided into parts of

$ é2.5 incheg pavh.
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2. Bisect the line which you have just drawn, and from the mid-
dle of it sct off 63 feet each way. The two new points, thus
found, will of comse be 126 feet distant from each other; and the
space comprehended between them will therefore represent the
total length of the battery, the center of which will, by this
arrangement, agice with the widdle of your paper. We shall
suppose the guns to be placed at the right, the mortars at the left
of the battay.

3. From that point. updn the above line, whiclh represents the
left extiemity of your battery, you will therefore set off 60 feet
for the extent of your mortar battery ; to the right of which set off
12 fect for the traverse. The remaining 54 feet will show the
extent of the gun battery.

4. From thosc two poiuts, which mark the width of your tra.
versc, drop perpendiculars, each 18 feet long, to show the length
of it.

Join the exticmities of these two perpendiculars by a right line,
and the form of the base of your traverse will be complete.

The epaulments of your battery must next be marked out, which
15 genetally done by giving them a certain splay outwards, so that
cach of them shall form a moderately obtuse angle with the face
or front of the battery. Let us suppose that 1 foot in 4 is con-
sidered a good proportion for the above splay. The epaulments
will then be drawn as follows.

5. From the extremities of your battery drop perpendiculars 12
feet long, and from the ends of these perpendiculars draw lines,
outwards, parallel to the face of the battery and 3 feet long.

6. From cach extremity of your battery, draw an oblique line
through the end of the nearest of the two last drawn lines; and
make these oblique lines each 26 feet long.

The two oblique lines, thus drawn, will represent the bottom of
the interior slope of your epaulments.

The base of the parapet of your battery is supposed to be 25
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feet 10} inches wide, as may be observed by referring to your first
and second sections; but the base of the epaulments of vour battery
is supposed to be only 19 feet 10} inches wide, as may be obscrved
by referring to your third section.

7. In front of that line, which represents the bottom of the nte-
rior slope of the parapet of your battery, you will therefore draw a
line parallel to 1t at the distance of 25 feet 10! inches, in order to
represent the foot of the exterior slope of the parapet.

8. And m front of those two lnes, 'which represent the bottom
of the interior slope of the epaulments of your battery, diaw hnes
parallel to them, at the distance of 19 feet 10! miches, to repre-
sent the foot of the exterior slope of the said epaulments.

9. You before set off 26 feet for the length of each of your
epaulments. From the points thus marked draw perpeudicu-
lars putwards, as far as the eaterior slope, to show the extremities
of them.

10. The base of the interior slope of the parapet, as also of the
epaulments, and of the traverse of your battery, being every where
equal to 1 faot 10} inches; you will draw lines outwards, at the
above distance, parallel to those lines which represent the bottom
of the various interior slopes.

‘The last drawn parallels will represent the interior crest of the
perapet of the battery, as also the mterior crest of each ¢paulment,
and the crests of the traverse.

11. In rear of those Imes, which represent the foot of the
exterior slope of the parapet and of the epaulments of your
battcry, draw lines pasallel to them, at the dustance of G feet,
_which is the space allowed for the base of the exterior slope of
each.

“The last drawn lines will represent the exterior crest of the
parapet, and of the two cpaulments, of your battery.

We shall suppose that the extremitiss of the epaulments of our
battery are uoreveted, and that they are formed with a slope
whose base is equal to its height.
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12. From the extremities of your two epaulments, upon those
lines, which represent the interior. cgest of each, you will therefore
set off 7 feet G inches, which is equal to the interior height of the
epaulment. ‘

And upon those lines, which represent the exterior crest of each
epauiment, you will, in like manner, set off 6 fect, which is equal
to the extetior height of the epaulment.

‘The above distances are intended to determine the base of the
slope of the extremity «f each epaulment.

13. Connect the adjoining points, thus marked, near the ex-
trenity of cach epaulment, by right lines; and from the ends of
these nght lines, diaw oblque lines to the nearest angles of the
extrenmntics of your two epaulments.

This being done, you will have a correct representation of the
extremities of each of your epaulments, as they ought to be laid
down in the plan of a battery, under the supposition that they have
the above-mentioned slope of 1 to 1.

It was before stated, that the meeting of two oblique planes will,
n all cases, necessarily form either a ridge or a furrow, as may be
observed in the roofs of houses : and the same thing of course holds
good m woiks of fortification, where byreason of the various slopes
commonly used, many oblique planes are constantly combined
together.

The ridges and furrows, thus formed, like those of the glacis
and ramps, which you have already drawn, are always represented
in a plan by right lines.

14. Join all the opposite angles of the crest and base of your
traverse by right lines, for the above 1eason.

At the fiont of your traverse, where it is connected with the '
parapet of the battery, these lines will represent furrows: at the
rear of your traverse they will represent ndges.

15. Join also the opposite angles of the shoulder of yout bat-
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tery by right lines, which will show the furrows, foimed by the
meeting of the mtcrior slopes of the parapet and epaulments ; as
also the ridges, formed by the meeting of thew supcrtor aud exte-
rior slopes.

16. Inthe space of 54 feet, whi- h was onginally marked for the
extent of your gun battery, set off 9 teet fiom the two extiemities
inwards.

17. Bisect the distance between the two pomts thus found,
which will gne you a third pomt.

The above three ponts, which ate cxacth 18 feet apart, will
show the ceuter of each cmbrasure.

18. Through these points draw perpendiculars mtersectng the
parapet, which you will also produce to some dstance m 1ear of

nt the Lines of fire of your thice guns.
section of your gun battery you will find that
the height of the sill of your cmbasure i € feet 9 mches,

19. From the points above marked, vou w.ll thadtore set oft
8} iuches, outwards, uyun vvay Inc ol fue, to reprosent the base
of the slope of the sill vt cach cmbiasuie, wlich 15 supposed to
be equal to one fourth of s haght.

20. Through the new pomts, thes found, diaw lnes paralldd to
the face of the battay, and 2 feet 2 mches long, one half of
which length must be sct off to the 1ight, the other half to the left,
of each line of fire.

The last drawn lines will represent the length of the sill of the
embrasure, or in other words the width of the nech of the embra-
sure at bottom.

21. In front of the sill of eveyy embraswe, measwe 18 feet

.npon the line of fire, on each side of which pomt, sct oft 4 feet
6 inches, upon a line drawn parallel to the face of the battery.

The lines, thus drawn, which arc 9 fcet in length, show the
width of the embrasures towards the front, at the distance of 18
feet from the sill.
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o2, From the right and left extremities of the sill of every
embrasure, you will theicfore draw oblique lines through the cor-
responding extremities of the last drawn lines.

These obliyue lincs correspond with the bottom of the cheeks
of the embrasuies, and at the same time show their eplay.

In the scction of an devated gun battery, which you before drew,
if you drop a perpendicular from the mouth of the embrasure to
the ground line, and measure the distauce between the bottom of
this perpendicular and the foot of the exterior slope of the parapet,
sou will find it to be 1 foot 91 inches. .

23, The abuve distance represents the base of the exterior slope
of the cmbrasute : yvou will therefore, upon cach line of fire, in
your plan, set off 1 foot 91 inches iu rear of the foot of the exterior
slope of the paapet, and through the points thus found, draw
right lines parallel to the face of your battery. These lines will
represent the mouths of your embrasures.

24. Produce the bottom of the cheeks of your embrasures, out-

ards, unul they meet the last drawn lines; and the form of the
sules of your embrasures will be complete. '

The slope of the cheeks of your embrasures must next be repre-
sented, which we shall suppose to be in the proportion of one
sixth of then height.

In order to do this properly, you must refer to the section of
yoﬂr elevated gum battery ; and measure the interior height, as also
the enterior height of the merlon, taken vertically, above the sole
of the embrasure.

"The interior height of the merlon, measured vertically, as above
directed, will be found to be 4 feet 9} inches nearly.

25. You will therefore take 94 inches, which is one sixth of
the above height nearly, and sct it off, in your plan, from the
cheeks of ull your embrasures, outwards, in a perpendicular
direction, so as to cut the interior crest of the parapet.

In like mnanner the exterior height of the merlon, measured verti-



126 ELEMENTARY FORTIFICATION. cHarp. x.

cally, by referring to your section, as above directed, will be
found to be 4 feet 0§ inches nearly.

26. You will therefore tahe 8 inches, which is one siath of the
above height nearly, and set it off, in your plan, fiom the cheeks of
all your embrasures, outwards, in a perpendicular direction, so #s
to cut the exterior crest of the parapet.

27, Join the couesponding points, thus maked, near the

_cheeks of each embrasure, by drawing right lmes between the
interior and the extenior crests of the paiapet.

The last drawn lines will show the top of the cheeks of all the
embrasures.

28. Connect the extremities of the above lines, and the adyow-
ing angles of the sole of cach of your embrasures.

This being done, the embrasures and merlons of your gun
battery will be complete.

29. Draw lines parallel to the foot of the extesior slopes of you
battery all round, at the distance of 5 fect i fiont of them, in
order to show the bieadth of the herm.

30. Draw a second set of paallels n front of the berm, at the
distance of 6 feet, in order to represent the extent of the base of
the reverse slope of the ditches of your battery.

As the ditches of the gun and mortar batteries are supposed to
be of unequal widths, you will draw a perpendicular from the foot
of the reverse slope of your battery outwards, in the direction of
the right side of the base of your traverse produced. ‘T'his line is to
mark the division between the broad and the narrow parts of the ditch,

S1. Make the ditch of your mortar battery 14 feet 6 inches
wide at bottom, drawing a parallel at the above distance, to
represent the outside of the bottom of it.

82. Make the ditch of your gun battery 11 feet wide at bottom,
drawing a parallel at the above distance to represent the outside
of the bottom of it.
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The broad part of the ditch is continued, not only in front of
the parapet of the mortar battery, but also before the traverse, in
the manner now represented in our figures, because traverses like-
wise require a considerable additional quantity of earth; so much
so that, in making them, it is generally found necessary to procure
materials from the rear of the battery.

33. Male the ditches of your epaulments 6 feet G inches wide
at bottom, drawing parrallels at the above distance to represent the
outside of the bottom of each.

54, Sct off 4 feet, all round, for the base of the front slope of
the ditches of your battery; and draw parallels, at the above dis-
tance, to mark the extent of it. -

35. Produce outwards, beyond the berm, those two perpen-
diculars, which were first drawn, in representing the extremities’
of the epaulments of vour battery; and lct these produced lines
marh the extremities of the ditches of the said epaulments.

36. The extremities of the ditches of your epaulments may be
formed with a slope.  Parallel to the last drawn lines, at the dis-
tance of 4 feet, you will therefore draw lines across the bottom of
the ditches of your epaulments, in order to show the extent of the
base of the said slope.

The broad and narrow parts of the ditch of the front of your
battery may also be formed so as to meet each other with a slope.

57. To the right of that perpendicular which marks the division
between the broad and narrow parts of your ditch, and parallel to it,
at the distance of 4 feet, you will therefore draw a right line to show
the extent of the base of the said slope ; and produce the top of the
frout slope of your mortar battery, until it meets the last drawn line.

38. Draw lines connecting the corresponding points of the top
and bottom of the ditches of your battery, at every angle, in order
to represent the ridges and furrows formed by the meeting of
the various slopes.

The whole of the ditches of your battery are now complete :
and it only remains to draw the platforms.

YOL. II. N
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39. Upon each line of fire of your gun battery, set off 15 feet,
from the bottom of the interior slope of the parapet, backwards, in
order to show the length of the platforms; and through the new
points, thus marked, draw lines parallel to the face of the battery.
to represent the position of the tail of each platform.

We shall leave that platform which is to the right of our gun
battery, unfinished for the present, so that you will apply the
following directions to the coustruction of the two other platforms
only.

40. To the right and left of the line of fire of each of the two
left guns of your battery, set off 4 feet 6 inches upon the bottom
of the interior slope of the parapet.

And to the night and left of each of the same lines, set ofl 7 feet
upon those lines, which were before drawn, in order to represent
the position of the tails of your platforms.

The points, thus found, will determine the width of your plat-
forms, which is supposed to be 9 feet in front and 14 feet in rea

41. Draw the sides of your platforms.

42. Draw a line parallel to the front of each platform, at the
distance of 8 inches in rear of it, in order to represent the back
of the hurter.

48. Divide the remainder of the length of each platform into
15 equal parts, marking points for that purpose upon the line of
fire ; through which points you will draw right lines parallel to
the front of the platform, in order to represent the joints of the
planks.

In the right platform of our gum battery which remains to be
. drawn, we shall suppose that the sleepers only are laid. The
manner of drawing a platform in this imperfect state is as follows.

44, Instead of 4 feet 6 inches take only 4 feet, and instead of
7 feet take only 6 feet, and mark points accordingly, at the above
distances, to the right and left of the line of fire of your unfinished
platform, in front and in rear of it; in the same manner that yon
set off the width of your former platforms.
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45. Draw right lines counecting the corresponding points thus
marked, in order to show the exterior sides of the right and left
sleeper of your platform.

46. Make the above sleepers G inches wide.

47. Exactly half way between these, draw the center sleeper of
your platform, making it also 6 inches wide, the middle of which
will of course exactly agree with the hne of fire.

48. Bisect the distauce between the center sleeper and each of
the others, both i front and in rea of your platform.

The powts thus found will give you the position of the middle of
the second and fourth sleepers, which you will draw accordingly,
makmg them 6 mches wide like the others.

49. Draw two small circles of about three inches diameter,
near the front and rear of each sleeper, and touching the sides
of it, In order to represent the heads of pickets, which are some-
times diiven into the ground, for the purpose of steadying the
sleepers.

0. Upon your two former platforms draw lines to show the
position of the center of each sleeper.

Upon or near the above lines mark five poiuts on every plank, to
represent the heads of spikes, supposed to be driven through it into
the sleepers, for the purpose of confining it in its proper place.*

These points may be marked, not exactly in the middle of
each plank, but alternately towards the front and rear of it, as
the latter is usually cousidered the strongest method of spiking
down plauks.

In drawing the plan of a batlery on a very large scale, such
as 4 or 5 feet to an inch, the back and front of each hurter would
require to be altered from their present form, in the manner

* In drawing platforms, or other woodwork, on & much larger scale, the
heads of spikes might of course require to e repruentad by small gircles,
instead of points.

N2
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directed in Nos. 51 and 52: but on so small a scale as 10 feet to
an inch, it is not worth while to make the alteration alluded to.
The Learner may therefore, in constructing his battery, procecd
to No. 53 af once, without noticing the intervening paragruphs,
which are introduced merely for the sake of rendering the dircc-

tions complete, 30 as to apply to any other larger scule, thot
might be used.

Itis to be obsenved that the hurter sises nearly 6 inches above
the bottom of the intuiior slope of the parapet; as also above the
adjoining part of the platform: and the back of it i« laid paraliel
to the iuterior slope, which is in the proportion of one fowmth o
its height.

Consequently the back of the hurter must also have a similw
slope.

3. In front of that hine, which represents the back of cach
hurter, you will therefore draw a second line parallel to at, at the
distance of about 11 inch, in order to 1epresent the base of the
above slepe.

For the same reason the frout of the hutter ought not exactly
to .agree with the bottom of the interior slope of the parapet, as
at present represented in our figure, but with a part of the sope.
about 6 inches higher.

52. In front of the bottom of the interior slope of the parapet,
and parallel to it, you will thetefore draw lines at the distance of
1} inch, in order to represent the proper position of the front of
cach hurter: and produce the sides of every platform untl they
" meet the said lines.

53. Near each end of every hurter represent a spike, placing
the said spikes over the middle of the outside slecpers.

Your gun platforms are now complete, as far as is intended,
two of them being represented in a finished state.

54. Tn the space of 60 feet, which was originally marked for
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the eatent of your mortar battery, set off 74 feet from the two
catienuties mwards ; and divide the intermediate space mto three
equal parts.

»5 From the vanous pomts, thus marked, which will be
caactly 15 fodt apart, diaw perpendiculars, backwards, to represent
the line of fue of vour four wortars.

And upon these perpendicular, at the distance of 7 feet in rear
of the bottom of the mtertor sloj e of the patapet, set off 8 feet
tor the length of cach plattorm.

56 Make yow mortar platiorme 5 foet wide, and draw the
thice left plattoims of your battay accordingly, m the form of
regular squares, acttmg off one halt ot the above width to the
neht, the other halt of 1t to the lett of each e ot tue.

57. Divde the longth of each of the above three platforms, mto
eight equal parts, and through the pomts of division thus found,
diaw lmes parallel to the front of your platfoims, to 1epresent the
wints of the planks

In 0w re naming platiorm, wlich 15 not yet diawn, we shall
appose the she pars to be lad only.

v Thiough thoad two poms, which were prenously marked
to show the length of the above platform, draw lines parallel to
the bottom o1 the mtenor slope of the parapet, to show the posi-
tion f the ends of the sleepers.

o) At the distance of 3 feet (0 inches to the 1ight and left of
the hae of fire of your unfinished platform, draw hnes parallel to

, to show the exterior sides of the right and left slecpers; and
diaw the sad <leepers, making them 8 inches wide.

60 Draw two uwew sleepeis between the former, parallel to
them and equul to them w length and width; takng care to
divide the distance in such a manner, that all the intervals betwcen
your four slecpers shall be equal to each other.

61. Near the front and rear of cach sleeper, on both sides of it
and touching it, draw small ciicles of about S iuches diameter, to
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represent the heads of pickets, which are sometimes driven into the
ground, for the purpose of steadying the sleepers.

62. On your three former platforms, draw lines in order to show
the position of the center of each sleeper.

63. Upon or near the above lines, mark four points on every
plank to represent the heads of spikes, in the same manner that
you before represented the spikes of your gun platforms.

This being done, the plan of your gun and mortar battery will
be complete.

6+4. Pen your plan, represcnting the interior crest of the parapet
and epaulments, as also the crests of the traverse, and the back of
each burter, by thick lines.

65. Dot the line of fire of your right gun, and of your right
mortar. Dot also those imaginary lines which were drawn for the
purpose of determining the splay of the embrasure of your right
gun, and that of the 1ight epaulment of your battery.

66. In amy convenient place, near the bottom of your drawing,
jusert a finished scale ; and pen it.

67. Over your plan write, in large letters, PLAN OF AN FLE-
VATED BATTERY FOR THREE GUNS AND FOUR MORTARS.

68. Over your scale, write the woids, Scale of 10 feet to an
inch.

69. And finish your margin in the usual manner.

) REMARKS.

. The field battery, which you have now drawn, is supposed to be
an offensive battery, such as might be used in a siege.

The ditches in your figure are drawn of a more regular form,
than would be necessary in actually constructing a battery of this
description. ‘The only thing essential in practice, as far as regards
the ditch, is to give the reverse slope of it, a sufficient, base to
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preveat it from falling. If this is done, and a berm of two or
three fect left, the stability of the parapet will be provided for.
Independent of its contributing to the above object, the berm is
also useful during the construction of a field battery, and therefore
should not be omitted. Thesc points being attended to, any irre-
gularities in the form of the outlive of the ditch, or in the depth or
width of it, are not of importance, nor is the front slope of it of
the least consequence ; because the sccurity of the parapet does
not in any degree depend upon it, so that it matters not whether
that side of the ditch stauds or falls. This remark applies to
offensive batteries only, in which the principal or sole use of the
ditch is to supply materials. In defensive field works, on the con-
trary, no less attention must be paid to the form and preservation

of the ditches than of the parapets.

Experience has proved that in military works, one cubic yard of
excavation from a ditch or trench, will furnish as nearly as possible
the exact quantity of materials required for completing oue cubic
yard of rampart or parapet; provided that the soil excavated is in
its natwial state, not previously loosened by artificial means, and
that, in forming the work, the proper precaution of ramming or
otherwise pressing it into a compact mass has beeu taken. These
suppositions generally hold good in works of fortification, and may
therefore be assumed as just grounds for calculation ; but if such
were not the case, as for instance, in works eaccuted in a loose
slovenly manner, the proportion between any excavation and the
elevation of carth forimed from it, might vary considerably frem the
above ratio.

But, although in conformity with the rule, which has just been
stated, I have supposed the total quantity of earth, cxcavated
from the ditches of our battery, to be nearly equal in measurement
to the quantity contained in the parapets and epaulments; you will
find, on examining any of the sections, that the area of the excava-
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tion, there represented, is much less than that of the correspouding
elevation. The reason of this difference is, that, on account of the
angular forn of the extremities of the battery, the mean length of
the ditch is much greater than that of the parapets and epanimeuts
added together. Cansequently, as the former has more length, it
could not possibly be equal to the latter in cubic measurement,
according to our supposition, unless its other dimcusions were
smaller in proportion.

The same remark holds good in all other works having salient
angles. In any small inclosed ficld wotk for instance, the mean length
of the ditch must necessarily be much greater, than that of the work
itself which it surrounds. Consequently in a section taken thiough
any part of the work, the area of the excavation will necessanly be
much less than the area of the corresponding elevation. *

CHAP. XI.

SUPPLEMENTARY REMARKS ON PLAN DRAWING, AS AP-
PLIED TO THE PLANS OF MILITARY WORKS.

If you examine attentively the plan of the battery, which you
bave just drawn, you will perceive, that that part of your figure,
which represents the sloping extremity of the epaulment of your
battery, forms an exact section of the epaulment itself.

2 In speaking of the actual construction of works, and particalarly when
used in opposition to an excavation, the term * elevation” implies the
whole of the elevated parts, that is to say all those parts, which in the sec-
tion of a work would appear above the ground line. But in speaking of
the delineation or representation of works, &c. it always implies a kind of
geometrical drawing, the nature of which bas been fully explained in
Vol. 1.
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In all cases, it is to be remarked, that whenever the extremity of
any work has a slope, the plan of it will, in some measure, resemble
the vection of the same work; but it will not always be a regular
or correct section of it.

It becomes a regular section, in your present figure, partly
because the slope is equal to the height, and partly because the
etremity of the epaulment is perpendicular to the general line of
that work.

Draw another plan of the epaulment only of your battery, on &
separate picce of paper, but on the same scale.

Here follows a sketch of the cpaulment of a
battery, on a much smaller scale, but sufficiently \
clear to explain the remarks which are about to
be made. ) h

Rub out the slope represented in the plan, \
and restore the figure to its original state, as it
stood before the slope was drawn.

Now let us suppose, that instead of a slope equal to the beight,
the extremity of the epaulment of the battery had a slope equal to
half the height only.

L]
From the extremity of the epaulment, upon
that line which represents the interior crest of
it, mark a distance equal to half the interior
height of the epaulment.
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From the extremity of the epaulment, upon
that line which represents the exterior crest of
it, mark a distance equal to half the exterior
beight of the epaulment.

Connect the points thus marked ; and the ad-
Joining angles of the work by oblique lines , and
the plan of the extremity of an epaulment, has-
ing a slope of one half its height only, will be
complete.

Rub out superfluous lines; and you will per-
ceive, that there still remains a figure resembling
a section of the epaulment, but it 13 no longer
an exact section.

Rub out your figure, and by the same rule,
draw the plan of the extremity of an epaul-
ment having a slope of double its height.

\
VA

WA

W
\

The same remark will apply hére as in the last case; the form

of a section still remains, but not a regular one.

Rub out your figure.

I shall now proceed to show the effect produced in the appear-
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ance of the sloping extremity of any work, as represented in a
plan, when it is not laid out at right angles.

Draw the various lines of an
epaulment, as before, but in- \
stcad of a perpendicular, draw \ or
an oblique line to show the ex- \ b
\ 7

tiemity of it,

This being done, et us suppose, first, that the extremity of the
cpaulment is to havc a slope equal to its height.

Draw a line parallel to the extremity of the epaulment, at a dis-
tance equal to the interior height of that work, and let this line
wmtersect the interior crest of the epaulinent.

After | finding the above intersection, rub out the remaining
parts of the said line.

Draw a second line parallel to the extremity of the epaulment,
at a distance equal to the exterior height of that work ; and let this
line mtersect the exterior crest of the epaulment.

After finding this intersec-
tion, rub out the remaining
parts of the last drawn line.

Connect the above points
of intersection and the extre-
mities of your oblique line, by
right lines.
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Rub out those parts ot vour

original figure, which will now \ '
become superfluous ; and the \. ' \ \ \
form of an epaulment having \ \ \ \ \\ \ \

an oblique extremuty v com- \\\r \’7 or ' | ‘
plete, in the manner v which | // Yl .
it ought to be represcuted in a v .
plan.

You mayv now observe, that the plan of the slopig (\trcuurs of
an oblique epaulment sull retams some 1esemblance of a seetion of
that work , but it 13 no fonger an (xact section, althoush the slope
is equal to the height.

If instead of having a slope equal to 1te heyght, the exticnary of
an oblique « paulinent had a smaller or greater slope, the figme of

ot would of course become still more distorted, 1if conpared with
the proper section.

Draw the plan of an ob-
lique epaulment, according to \
the same rule as the last, but
giving it a slope of only one

half of its height. The figuic
of it will then be as follows. /

\

Some resemblance of a section can still be traced, as you mav
perceive, but it is a very distorted one.

- In finished plans of Fortitication, or of woiks contanung a great
number of slopes, a learner is apt to be puzzled, unless he under-
stands the nature of the various lines; and the small disproportioned
or distorted sections, which always appear in the plan, are particu-
larly apt to perplex him; so that often the most simple works may
appear complicated m 2 plan, for this reason.

%
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For mstance, nothing is 2 simpler thing than one of the traverses
of the covered way, the section of which consists of a small para-
pet with a banquette inrear of it.  The plan of it in outline is also
exceedingly simple, 1t being merely a rectangle.

But n the finished plan, in which the slopes are expressed, in
addition to the lines of the parapet and banquette, there appears a
small distorted section at cach extremity of the traverse, on account
of the slopes of the said extrc mities, winch are almost always reveted.
Owmg to these additions, the traverse, which is the simplest of all
parts of a fortress, becomes i the finished plan, to all appearance,
one of the most complicated.

These details, which are seldom o1 never explained, in the com-
mou maodes of teaching Fortification, generally prevent the leammer
from acquiring any just uotion of the works represented, even
although he mav have dravwn a great number of plans.

The same remarks, which have just been made respecting the
plan of the epaulment of a battery, apply, in like mauner, to all
other works which terminate abruptly at one extremity ; such as for
mstance the faces of a ravelin, or those of a tenail,

In order to explain this observation, 1 shall tale for my example
a simple tenail.

We will first draw a regular ,
section of that work, but on a /‘
smaller scale, omitting the

thickness of the revetments, as also the cordon and coping ; but
showing all the necessary slopes.
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Draw a dotted horizontal line
over the section of the tenail,
and from every point in the
section raise dotted perpendi-
culars, meeting the said hori-
zoutal linc.

ooy e ooy e
!

[ Y N

!
.,

\

A

|

Mark the dotted horizontal line by the Ietters a b, and mark the
various spaces comprehended between the dotted perpendiculars,
in regular order, by the numbers 1, 2, 3,4, 5,6, 7, 8, and 9.

Then the dotted horizontal line a b will repiesent a plane of pro-
jection, the use of which was explained w the Principles of Plan
Drawing.

Draw two lines of any convenient length formng an obtuse
angle to represent the front of the simple tenail, of which you have
already drawn the section.

In order to complete the plan of yow simple tenail, you will
next draw lines parallel to the front of it; making the distances
between these parallel lines, in the plan, correspond exactly with
the distances between the various dotted perpendiculars, in the
section.

Draw also two right lines to represent the extremities of your
tenail.

Draw lines to represent the ridges and furrows formed at the
meeting of the various slopes near the reentering angle; and let
these lines extend across the whole of the tenail, excepting the
berm, banquette, and .terreplein. There no ridges or furrows
must be represented, because these parts of the work are horizontal,
or nearly so.
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Mark the spaces between the various parallel lines, in the plan,
with the numbers 1, ¢, 3, 4, 5, 6, 7, 8, and 9, 30 as to agree with
the corresponding spaces, in the section, to which they are re-
spectively equal.
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The space 1, in the plan, corresponding with the space also
marked 1, in the section, represents the interior slope of the rampart
of the tenail, that is to say, if this work is not reveted in rear.
But if the tenail were shpposed to be reveted in rear, then the
space 1 in the plan would represent the slope of the gorge
revetment.

The space 2 is the terreplein.

3 The slope of the banquette.

4+ The banquette.

5 The interior slope of the parapet.

6 The superior slope 'of the parapet.

7 The exterior slope of the parapet.

8 The berm.

O The slope of the scarp revetment of the tenail.
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Now if the extremities of your tenail are wupposed to have a
slope of one half their height, then the same rule will apply mn
completing the plan of them, which you before followed, m draw-
ing the plan of the oblique extremity of an epaulment having that
slope.

Draw the two extrenuties of your tenail accordmgly, giving each
of them a vlope of half ity height, and rub out superfluous lines
and marks.

The plan of a finished tenail 15 now complete, on exammmg
which you will find, that, in conformity with the above gencial
rule, the extremities of 1t do, cach of them, resemble a distorted
section of the work.

.

'The extremities of tenails, ravelins, and other permancnt works
of fortification, are almost always reveted, and scarcely ever have
a slope of more than one sixth of their height. In the above
example we have chosen a much greater slope, merely for the sake
of rendering the figure more clear.

But the extremities of a work, although constructed with
slope, may not always be laid out in one continued right lme,
which has hitherto been supposed to be the case. Sometimes one
or both of the angles may be rounded off. This is usually done
st that extremity of a traverse, which faces towards the glacis.
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When the sloping etiemity of a work is partly rectilinear and
paitly curved, those parts of it, which are laid out in a right line, will
stll retain, in a plan, some resengblance of a section of the work;
but these sections, on account of e circular parts, will be imper-
fect at the angles; for as cucular slopes do not meet abruptly in
any points, no ndges are formed by them ; and consequently no
limes are diawn across them, in representing them in a plan.
Where these lmes are wanting, there the resemblance of the sec-
tion of the work will be incomplete.

We shall first illustiate this remaik, by means of two very simple

«olid bodies, the pyramid and cone.

Diaw the plan of a square pya-
mid of any convenient size. Draw

also the plan of a cone. ‘{_&

The sudes of the pyramid slope regularly every way from the
base to the vertex. ‘The cone also has a regular slope, in like
nanner, fiom every part of the base towards the vertex.

But by reason of the circular form of the base of the cone, all
the slopes of its surface blend gradually into each other without
forming angles or ridgey any where; and consequently the circle
which you have drawn to represent the base of your cone, with
the point which marks its vertes, will form a complete plan of
that body ; no additional lines to represent ridges being necessary.

In the pyramid, on the contrary, the mceting of the various
sloping sides forms ridges, which arc 1epresented, in the plan, by
right lines drawn from the vertex to the angles of the base.

The square pyramid therefore is a body with four sloping sides
or extremities, laid out in right lines, each of which sloping extre-
mities, as you may observe, is represented in the plan bya triangle,

VOL. 1L o
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thet is to say, by a figure resembling a section of the pyramid
Hoelf, taken through the vertex. )

The section of a cone, taketunder the same supposition, that
is to say through the vertex, u‘o a triangle hike that of the pvra-
mid; but when you examine the plan ot the cone, no appearance
whatever of a section of 1t can be traced This 1s owmg to the
circular form of the base, from whence the slopes take thar nve

As the pyramid resembles the cone m 5o manv cncumstances,
and nmight m fact be converted mto one by mardy rounding otk ats
angles ; you may easily concene, that the same difference, winch
is observable m the plan ot these tw ) solids, would be produced
in the sloping extremity of a mulitary work, by rounding oft one
of 1ts angles.

In order to explam tlus more fully, draw four lmes paralldd to
each other, to represent the plan of the parapct ot a batteny

Draw a right line perpendicular to the above, to represent the
left extremnty of your batters.

Let us suppose, that the right extremuty of the battery 13 to be
rounded off or curved at one angle, and that the curve 1s to be an
arc of a circle touchng the exterior side of the work.

Complete your figure accordingly, and mark the center of your

arc by s point.

The Learners are recommended (o draw their figures on a much
larger scale than the follownng.

—— ———
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Let us now suppose that each extremity of the work is to have
# slope equal to its height.
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In that case, the plan of the left or right-lined extremity of the
battery, will, of course, when fimished, represent an cxact section
of the work.

Draw the said section accordingly.

This being done, mark a pomt upon the curved part at the
nght extrermity of vour figure, and fiom thence draw a lne in-
wards, perpendicular to the cuve.

The curve, m our present figure, 15 supposed to be an arc of a
crde, but any line papendicular to an aie, will, if produced far
enough, pays through the center of it.

Y ou will thercfore produce your perpendicular, until it meets the
center from whence the curve was described, when it will, of
course, become a radus.

T AN
S [\
. — d.’ )

Mark the point on the curve, from whence your produced per-
pendicular or radius was drawn, by the figure 1. .
Mark the center of your arc by the letter f.
And mark the original lines of your parapet by the letters a bd e,
accorduig to a dotted line drawn perpendicularly across it, in any
convemient place.

: Ei—
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In order to explain the remaiming aperations more clearly, «
part of the follouwng figures are dragn on a larger scale  In these,
the left extremty of the battery 1 onutted, because the directions,
now about to b gren, relute only to the night cxtremuty of that
work, the slope of whick remains to be draun.

-

-
2 /
The enlarged figure of ,

the night extremty of the
battery wall be as follons. =<

The Learne:s nall of course gu on with thenr onizinal figures,
without any alteration , they bewng supposed to be drawn, from
the first, on a scale sufficiently lurge.

Near the plan of your battery, draw a section of it, on the same
scale.

Mark the vanous points of your section, %0 as to correspond with
the letters a, b, d, and ¢, m the plan.

Near your section, rase a dotted perpendicular from the ground
line of it, to represent a scale of heights: and draw dotted hon-
zontal lines, from the interior and exterior crests of the parapet,
to meet the said scale of heights.

From the interior and exterior crests of your parapet, as repie-
sented in the section, drop dotted perpendiculars to the ground

line.

Mark the bottom of the scale of heights by the figure 1. Mark
e point, where it is intersected by the lower horizontal live, by
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the fizure 2, and mark that pomt, where 1t 1s intersected by the
upper honzontal lme, by the figure 4.
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It will be cvident, that the distance, between the pomts 1 and 2
on the scale, will be cqual to the extenor height of the parapet;
and that the distance, between the pomts 1 and 4 on the scale,
will be equal to the mterior height ot the parapct.

I'om the pomt 1 m vow plan, set off, upon the line 1f, a
ditmce (qual to the exterion haght ot the paapet, and mark it
by a pomt, opposte to which wite the figwe 2.

From the same pomt, st off, m like manner, upon the same
hne, a distance equal to the mtenor height of your parapet;
matk this new pomt by the figure 1.

[}
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The space 1 2, in the plan, is equal to the space 12 in the
section ; and the space 1 4, 1 the plan, is equal to the space 1 4,
in the section. And, in like manner, all other parts of the plan
aud section, which arc marked alike, correspond with each other.
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The next thing requued 1s to draw a lme parallel to the curve,
through the point marked € 1n the plan. and this parallel must be
produced, until 1t meets or cuts that hin, which 1epresents the
exterior crest of the parapet.

The curve n our present figure bang a regular aic of a circle,
the method of drawing another curved I, paralled to n, 15 of
course to describe a sccond are from the sime center

From the cunter f, with the radias £ 2, vou will therefore de-
scnbe an arc, and produce 1t until 1t meets or cuts the ostanor
crest of the parapet.  Mak the pomt where they mect, by the
letter m.

The pomt, thus found, will be a4 ttuc pomt, m a new curnve,
which must afteswards be drawn, m order to show the form ot the
top of the slope of the curved extremity of your worh

Through thc pomt §, m your plan, you will, 1 hke mannd,
draw 4 cune paallel to vour ongmal cune, and produce n,
until it mccts o1 cuts the mianor crest of the parapct Mak the
mtersection by the letter o

The pout o will also be « true puint 1w the abosvc-mentioned
curve, which ramains to be drawn, aud the points m and o will
be the extremities ot this proposed cunve.

—— 1
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Having thus found the extrcmities of your proposed curve, it
mains to find some true central or intermediate poits in st, which
be done as follows.
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Draw a dotted paralle] line, in your plan, half way between the
intenior and extenon crests of your parapet; and mark the point,
thiough which 1t passes; by the letter c.

Tale a corresponding pomt, n your section, half way between
the mtenor and extenor crests of your parapet, marking it, in like
manncr, by the letter c.

From the pomnt ¢, m your section, drop a dotted perpendicular
to the ground lme  diaw also a dotted honzomal live, from the
same pomt, meeting the scale of heights , aud mark the point
where they mect by the figure 3.

Then the distance 13, on your scale, will represent the exact
height of the parapet, at any pont half way between the terior

and extenor aiests of 1t.

Take the above distance 1 3 m yowm compasses, and from the
powt 1, m yow plan, set off an equal distance upon the Line 1 f;
and wnte the figure 3 at the extrennty of 1t.

Through the point 3, in your plan, in the maunner before de-
scnbed, draw a dotted curved hine parallel to yowr original curve ;
and produce this new curve, until it cuts the dotted paallel line,
which 1 drawn through the pomt c. Mark theirr common inter-
section by the letter u.

- —-—=
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The point n, thus found, will be a true intermediate point in the
proposed curve.

By the same method, you may easily find any greater number of
true intermediate points for your curve.

For instance, instead of dividing the superior slope of your
parapet iito two equal parts only, by the dotted parallel hne ¢,
the plan, and by the corresponding point ¢, in the section; you
might have divided it into fow equal parts in both.

Then instead of gaining only one point § in yowr seale of
heights and plan, youwould have gamcd thice pomts by means of
which, instead of finding only one truc point 1 between the otre-
mitics of your proposed curve, you would have found thice tue
points.

In bike manner, any other greater number of trne mtamediate
points might be found, if more than three were judged necessany.

The points, which we have gained in our present figure, are
quite sufficient for explainmyg the prmciple of the operation which
is to be performed. Y ou will therefore 1ub out all the superfluous
lines and arcs in your plan, leaving only the tiue points m, b,
and o.

.
©
: e
T
Through these points ° \\
1 \
draw a curve. . A\ \
= R
» . -

The former smaller figure, given in the book, will now serve
Sfor the purpose of explaining the vemaining operations. The
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state of it, after the curted line m n o is supposed to be drawn,
according to the process above described, will be as follows.

b out the superfluous lines and letters in your figure.

. — -— - - ——————
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The curve wiich you drew last, through the points that were
mathcd m 0 o, 1cpresents the top of the slope of the curved ex-
trenuty of your parapet.

Ilns slope and the cntenor slope of the parapet gradually meet
cach othar, and blend mto one continued curved superficies, so
that no ndge 15 tormed there, and consequently no line must be
diawn across the part whae these two slopes unite.

But the slope of the exttemity of the parapet and the interior
slopc of 1t meet each other abruptly wn an angle. They will
therefore form a ndge.

Draw a nght line to represent the said ridge, and your figure
will be complete.

N

LT

You have now drawn the plan of the parapet of a battery, with
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sloping extremitics, the one laid out according to a right line, the
other curved.

At the right-lined cxtremity of the battery there appears a repre-
sentation of a section of the work ; but ut the other extremuty, by
reason of the curve, there 1s not the least resemblance of a
section.

You may now easily conceive, that if the sloping extremity of a
battery or other work, were paitly nght-lined, and partly curved ;
the right-hned pait of 1t, when laid down m a plan, would have
some 1cseblance of a scetion of the work, whilst the rest of 1t
would not.

For instance, at the right-lined extiemity of vour prcsent figure,
from that point, as a center, which 1¢ presents the lcft cxtremty ot
the exterior crest of the parapet, desciibe an arc outwards, with a
radius equal to the exterior height, or i other words to the base of
the exterior slope of the pmapet.

The arc, thus drawn, will touch the foot of the extenor slope
of the parapet, aud also the bottom of the slope of the extrermty
of the battery. Let it be produced no further after it meets these

Lines.
J—

L/

Rub out those parts of your figure, which pass without the
arc: rub out also the original ridge near the aic.

—

3
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The figure, in its present state, represents the left extremity of
your battery, patly laid out in a right line, but with the remaining
part of it, near the exterior angle, rounded off. And if you exa-
mune it with attention, you will see that the plan ofethe said sloping
extremity forms very nearly an cvact section of the work, every
part of it heing complete, excpting the exterior slope of the para~
pet only,  There the section 15 imperfeet, owing to the alteration
m the form of the work, occasioned by the curve.

Plans of bwldings, o1 other <l works, in which few slopes
occur, do not afford any scope for exemplifiing the remarks con-
tamed m this chapter; therefore, although they are, properly
speakmg, an illustiation of the punciples of plan drawing, it was
Judged most urtable to ntroduce them here, after treating of
wotks of fortification, to which they more particulaily, or rather
exclusinddy, apply.  To officers or others employed either in
constructing or m taking plans of mulitary works, these remarks
will be useful; for in works of this description, so great a multi-
phaty of slopes are constantly used, that it must be of advantage
to understand the properties of sloping bodies, and the various
forms produced by the micetmg of them under given circum-
stances.

There is auother pecubarity to be remarked in the plan of
sloping worhs.  When the face of a slope is cut by any object,
strongly marked upon it, such as the entrance of a plain gateway,®
or sallvport, the figure of the said object, as it ought to be repre-
sented, 1 the plan of the sloping part of the work, will in all cases
1escinble a geometrical elevation of the object itsclf; in some

T By aplun gateway, I mean oue of a simple form, not ornamented
with columns, mouldings, or other mchitectural ornaments, projecting
beyond the face of the work, inwhich it 15 supposed to be placed, 1t will
casily be understood, on perusing the following obscivations, that they
cannot apply to gateways of the (pst-mentioned descnption.
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cases, it may even form an exact clevauon of it.  And 1t 1 further
to be observed, that the same circumstances have an cffuct upon
these elevations, that were pomted out a~ afficting the former
figures, beforc® explamed, resembling sections, which so often
appear mn the plan of works.

For example, 1f the base of the slope of any wide of a woik 1s
equal to its height, then m a plan of the work, the outhne of any
gatewny, &c. marked upon the slope, will be an (xact elevation
of the gateway 1elt - but it the slope is loss or greata than the
above proportion, or in other words, of the base and height of at
are unequal, then the form of the gateway, as markad upon the
slope, will, n a plan ot thc work, <tll boa some 1csemblance to
the elevation of the gateway, but it will be a disproportioned not a
correct clevation of at.

To explamn this iemark  take any convement scale, such as 10
feet to an inch, and diaw the section of a simplc work, sloping in
frout and rear, but honzontal at top.

For instance, draw a nght hine for the gronnd e of vowr ~ec-
tion, upon which mark a pomt (a) for the bottom of the mtcnor
slope of the work. and diaw the sad mtenon slope, makimg the
base aud height of it cach 2+ feet.

Mark the top of the mtenior slope by the lctter b from thence
draw a horizontal line, b¢, 15 feet loug, to 1epresent the tane-
plemn or horizontal part of the work , m fiont of which, diaw the
exterior slope ¢ d, making the base of it 12 feet.

This being done, your section abed will be complite, We
shall next draw a figure to 1cpresent the plan of the same work.

Draw a right line of any convenient length, for the bottom of
the exterior slope of the woik, m rem of which, set off suce
cessively and perpendicularly ; .
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First, 12 feet for the exteiior slope of the work, the base of
which is equal to half the haght ,

Secondly, 15 fect for the terreplein or thickneys at top;

Thirdly, 24 feet for the mterior slope of the work, the base of
which 13 equal to the height And through the points, thus
maiked, diaw lmes, parallel to the former, in ordcr to complete
vour plan . which bang done, vou will mtark the various hines n your
plan by the lottggs aa, b b, ce, and d d, in order to show that
they agiee with the corresponding pomts, marked by the same let-

tals 1 vour section.

We dhall et suppose, that a gateway 6 feet wide and 12 feet
lngh i~ cut thiough the work, which we have just diawn; and in
ordar to 1ender om succccding operations more cleam, we shall fur-
ther suppose, that the said gateway 1s of the saunplest possible form
that could be adopted, bemg constincted with a flat arch hhe the
door of a common dwelling house 5 m which casc 1ts geometircal
devation will of comse be a rectangle whose sides are of the above
stated dimcnsions, namely O fect by 12,

Tins bomg pramsed, we shall proceed to 1epresent our supposed
sateway 1 both of ow figuies, and first m the section.

At the distance of 12 fect, above the ground hine ad of your
section, diaw a lne parallel to it, to 1epresent the top of the aich
of the gateway, which will of cowse, from this constiuction, be
exactly one half of the total height of the work ; and mark the hue,
thus diawn, by the numesal figmes 2 and 3.
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Upon the live a a, in vour plan, which represents the bottom of
the interior slope of the woik, mark pomts 1 1, at the distance of 6
feet apart, to represent the width of the gateway and the poytion
of the bottom ot 1t, opposite to which, on the hine dd, which
represents the bottom of the extenior slope of the work, mark two
corresponding points 1 1, at the same distance apart, and for the

same purpose. *

It was before explaned, that the height of the gateway 18 equal to
one hulf of the total height of the work, thiough wlich it 1y sup-
posed to be cut, and tor this 1eason, 1t must be cvdent, that the
points © and 3, m vour section, where the top of the gateway
meets the wtenor aud extenor slopes, must be exactly half way
up these slopcs.

In order to find the position of the cortesponding points n the
plan, you will, thacfore, from the pomnts 1 1, on the lme aa,
draw perpendiculirs 1 2, 1 2, half wav acioss that space which
represents the mtaiior slope , and from the ponts 11, ou the line
d d, draw perpendiculars 1 8, 1 3, half way across the space which
represents the exterior slope, which being done, draw nght lines,
connecting the pomts 2 2 and 3 3, m your plan.

— M)
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The interior slope is 24 feet broad; consequently, the lines 12,
12, which extend half way across it, are 12 feet long; and there-
fore, the rectangular figure 1 2 2 1, which represents the manner,
in which the entrance of the gateway ought to be laid down, in 8
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plan of the wotk, is exactly 12 feet by 6: that is to say, it forms
a correct geometrical ¢levation of the gateway, the above being the
exact height and width of it, as before stated. This coincidence
anses from the nature of the interior slope, on account of the base
of 1t being equal to 1ts height.

In the exteror slope, on the contrary, the base and height are
unequal, and the bieadth of the slope, as represeuted in the plan, is
only 12 fiet; and therefore the lmes 13, 13, which extend half
way ucross the said dope, are 6 feet long. Consequently, s
figure 1 33 1, which represents the form of the gateway, as
appearmg in the plan of the exterio slope, being reduced to one
half of its proper height, although 1t stilkretains some resemblance
of an elevation of the gateway, is no louger a correct but a dis-
propurtivned oue.

The same effect will be produced, in all cases, whenever the base
and heght of the slope are unequal, that 1s to say, disproportioned
not conect elcvations of the gateway will be obtained, in a plan of
the work ; m which however, 1t 1s to be observed, that the width of
the gatewav will always remain correct, the height only varying
fiom the real dincnsions; and in proportion as the difference
between the ratio of the base and height of the supposed slope
increases, so much the more irregular will the disproportioned
elevations, appearing in the plan, become.

For example, in our present figure, in which the base of the exte-
nor slope is in the proportion of one half of its height, the height
of the disproportioned elevation 1 3 is also rcduced to ove half
of the actual height of the gateway.

But if the base of the above slope had been in the proportion of
oneé third or one fourth of its height ; then the Leight of the dispro-
portioned elevation 1 3, would have been reduced, in the like



€08 ELEMENTARY FORTIFVICATION. cuve. x

proportion, that is, to one third or one fowmth of the actual heigl
of the gateway.

For the same reason, if the basc of the extenor slope had brer:
oot less, but gieater than the height, as tor instance two or thie
times us great, then the height of the disproportioned el vation 1 3
would also have been mcreascd, m the same proportion, that 1 t
say, to two, o1 three tunes, the actual height of the gateway.

The aboue statements, 1n respect (o the chanzes, which would b
produced in these disproportioned elevations by any alteration i th
slope, appear sufficiently (lear, <o that at has not been yudied neces
sary to exemplify them by figures. The Learner may how ever easily
convince himself of the agcuracy of what has been asserted, if he
will tuke the trouble to draw new secttons and plans’ of the same
simple kind of work, changing successively the base of the eiterio)
slope, from one half to one thud, or one fourth of the heizht, anu
afterwards to tuo or three times the haght, but leaving all the
other demensions, both of the work and 2atc uy, unaltercd.

Gateways or sallypoits with flat arche s are not used  fortresscs,
that simple foim baving merely been above assumed tor the sake
of clearness. It will tharetore be propa, belore we proceed to a
pew part of our subject, to exemplity the manner, m which gate-
ways of the common construction, that 15 to say, foimed with

"arches curved at top, ought to be repiesented m plans of fort-

fication.

For this purpose diaw the plan of a work, 1esembling a ravelin
in its outline, but of a more simple nature, m other 1espects;
being supposed to be constructed with an interior slope, a terie-
plein, and an exterior slope only, so that the section of it shall
exactly resemble that of our last figure.

Let the gorge and extremities be-aupposed to be reveted with a
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slope ; and represent them in the manner directed in a former part
of this chapter, namely, the slope of the gorge revetment by
parallel lines, and the extremitics of the work by distorted sections.

Our work is now complete, with the exception of the proposed
gateways, which we shall suppose to be formed with semicircular
arches; but before we proceed to represent them in our plan, it
15 to be rematked, that the same rules, which we before applied to
a gateway of the above more simple form, will also hold equally
good m 1¢spect to a scmicircular gateway, or to any other figure,
evin of the most comphicated and intiicate nature, which can be
supposed to appear on the sloping side of any work.

The base of the interior slope of yotir work being equal to its
haght, you will therefore, in conformity with the rule just alluded
to, diaw an exact elevation of your semicircular gateway, on the
left face of your work, upon that space which represents the interior
slope of it.

The base of the exterior slope of your work being supposed to be
only one half of the height, you will, in conformity with the same
rule, diaw a disproportioned elevation of your new gateway, also
on the left face of your work, and exactly opposite to the former,
upon that space, which represents the exterior slope: aud in
dianing this new elevation, let the breadth of it be every where
precisely the same as before, but diminish the height of every St
of it, to only one half of the height of the corresponding parts,
as represented in your Jast dravin elevation.

In the left face of your work, the form of a semicircular gate-
way is now correctly represented, as it ought to appcar in a plan
of fortification, if the crown of the arch were continued as far as
the slope on both sides. But it is proper to observe, that we have
imagined this to be doue, merely for the sake of more clearly illus-

VoL, 11. P



Q10 ELEMENTARY FORTIFICATION. cnar. x1.

trating the principle laid down. In real practice, arches are never
continued, in the above manner, entirely across any slope, whose
base is equal to its beight or nearly so. Some part of an arch so
constructed would necessarily be of a very weak incomvenicut
form, as may easily be conceived. It iy therefore only in mode-
rate slopes, such as those of revetments, that the arch is so con-
tinued. In earthen works, which must necessarily have a con-
siderable slope, the arch, instead of being carried on through the
whole of the profile as far as the slope, always terminates at the
distance of some feet from it: and the remaining part of the carth,
between the extremity of the arch and the surface of the slope, is
cut away in such a manner as to form an open entrance to the
gateway,

In order to explain these particulars, we shall uext, on the right
face of our work, draw another gateway, which we shall suppose
to be also semicircular, and of the same dimensions as the former.

Let us likewise suppose, that the exterior slope of our work
represents the slope of a scarp revetment ; and therefore that the
front of the new gateway may be continued as far as that slope,
without inconvenience.

Upon that space, which represents the exterior slope of the right
fale of your work, you will draw a disproportioned elevation of your
gateway accordingly ; making this small figure equal and similar to
that which you before drew, for the same purpose, on the exterior
slope of the left face of your work. This being done, you will pro-
duce the parallel sides of the above small figure backwards, as far as
the back of the terreplein.

The two lines, thus produced, will show the position of the
covered part or arch of the gateway ; for which reason they must be
dotted, according to a rule before meutioned (See page 117), this
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being the usual method of representing arches or other covered com-
munications in a plan of fortification.

We shall further suppose, that the arch of our new gateway ter-
minates perpendicularly, immediately under the back of the terre-
plein, without being continued under any past of the interior slope
whatever.

From the extremities of the rear of your arch, that is to say
from those two points on the back of the terreplein, where it is
intersected by the last drawn lines, you will therefore draw right
lines backwards, across the iuterior slope of the work, to
represent the sides of the open entrance of the gateway; and in
drawing thesc lines, you may give them a moderate splay out-
wards, so that the entrance shall be wider towards the rear than in
fiont, this being the usual mode of construction followed.

Rub out that part
of the bottom of the
interior slope of your
work, which inter-
feres with the en-
trance of the gateway,
that is to say, which
lies between the ex-
tremities of your last
drawn lines : and rub
out also that part of the bottom of the exterior slope of the right
face of your work, which forms the base of the distorted elevation
of your gateway.

In the right face of your figure, you now have a correct repre-
sentation of a gateway of the form, in which they are usually con-
structed in fortresses. Towards the rear, there is an open entrance cut
through the interior slope of the rampart ; the sides of which, being
supposed to be reveted perpeudiculn!y, are represented by right

P2



e

s

2ie ELEMENTARY FORTIFICATION. cmar.xr.

liges. Then the arch of the gateway commences, and the back of
it, being built not with a slope but perpendicularly, in the position
before mentioned, is represented by a right line, which agrees with
a part of the back of the terreplein.  From thence it is continued
in the direction, shown by the two dotted lines, until it terminates
upon the scarp revetment, in the form of a disproportioned ele-
vation, which is there produced by reason of the slope.

It is further to be remarked, that if a gateway has a descent, as
is often the case, from the interior of a work, downwards, to the
level of the ditch in front, according to a regular slope like that of
a ramp, then the top and bottom of the descent should be marked
by right lines, as is represented in the gateway of the left face of
our present figure.*  But if there is ¢ither no slope, of the nature
above supposed ; or if the said slope is concealed under the covered
part of the gatewav, which sometimes happens ; then in poumng
the plan, no lines should be drawn across the entrances of the
gateway, which should be left open both in front and rear, as is
represented in that which appears on the right face of your present
figure.

I shall conclude by remarking, that the figures resembling scc-
tions, before explained, are constantly introduced in finished plans
of fortification, even when drawn upon a small scale. Those
figures, on the contrary, which resemble disproportioned clevations
of gateways or sallyports, as appearing on the slopes of revetments,
are by no mecans common, but yet they are sometimes to be met
with ; and it has therefore been judged necessary to explain them :

» It will be understood, that if the doscent were formed by steps, not by a
slope, it might, for the same reason, he proper to mark & part of the said
steps, upless they were all concealed under tho covered part of the
gatewny.
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particularly as the strict rules of the art require, that they should
always be represented, whenever the scale of the plan is large
enough to admit of its being done without creating confusion.
Besides which, an esplanation of these last-mentioned details,
although trifling in themselves, appeared essential to the complete
illustration of that part of my subject, which treats of the princi-
ples of plan drawing.

CHAP. XII.
OF BARBETS.

It was before explained, that the guns of a fortress are placed
upon the terreplein ; and that they fire through openings, cut
across the parapet, for that purpose, called embrasures.

Somctimes guns are placed in such a manner that they fire over
the paapet, without the necessity of making any embrasures.

For this purpose a part of the terreplein is raised much higher
than the 1est of it, aud forms a mound for the guns to stand upon.

These mounds ame called BaxBETS, and are usually formed at
the salient angles of the bastions, or other works, in which they are
used.

The general level of the terreplein is usually seven feet aud a
half lower than the crest of the parapet, whereas the barbet is only
about three fect lower than the parapet; consequently the barbet
may be considered as a kind of smaller terreplein, elevated above the
great terreplein of the work, in which it is placed, to the height of
about four fect and a half.

The advantage of barbet batteéries is, that the guns can fire more’
frecly in various directions, than is practicable through the common
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embrasares. Their principal disadvantage is, that neither the guns
nor the gummers are sufficiently protected, on account of the low ness
of the parapet of a barbet.

Consequently barbets are seldom used in a fortress, except at
the connnencement of a siege, before the encmy has established
his first batteries against the place. After he has effected that
object, the besiegers withdraw their guus from the barbet batteries,
and place them behind embrasures.

The manner of drawing a barbet shall now be explained.

Draw two lines forming a salient angle, in order to represcnt the

two faces of the bastion, or other work, where a barbet 1s proposed
to be crected.

In rearof and paral-
lel to them, draw two
other lines, to repre-
sent the foot of the
interior slope of the

parapet.

'The space between these two sets of parallel lines will thercfore,
of course, represent the interior slope of the parapet.

About half way between these parallels, draw two new lines,
also parallel to them, to represent the front of your proposed barbet.

At any convenient distance, draw lines parallel to the front of
your barbet, in order to represent the reverse of it.

Draw the extremi-
ties of your barbet,
making them perpen-
dicular or nearly o, to
the faces of your origi-
mal work.
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The four new lines, which you have now added to your figure,
reprc~cnt the form of the tereplein of the barbet.

The interior slope of the parapet of your original work, rises of
course in a regular manner from the bottom towards the crest of it:
and consequently, the barbet, as was before explained, being raised
considerably higher than the bottom, but not quite so high as the
crest of the parapet, will necessarily come part of the way up the
slope.

For this reason the front of the barbet is represented about half way
up the interior slope : and those parts of the original bottom of
the parapet, which intersect the barbet, will become imaginary
lmes.

But if the barbet had been raised as high as the parapet itself,
mstead of bemg only about half that height, then it would have
been on the same level with the crest of the parapet; and there-
fore, thosc lines which represent the crest of the parapet, would
alvo have agreed with and served to represent the front of the barbet.

The baibet being raised some feet higher than the general level
of the terreplein of the original work, must have a slope in rear,
and at each extremity of it, at least equal to its height,

Draw parallels all round the barbet, except in front, in order to
_Tepresent the above slope; and produce those at the extremities,
until they meet the bottom of the interior slope of the parapet, but
no further,

Then draw lines be-
tween the opposite
angles, to represent
ridges and furrows.
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Rub out superfluous

lines, aud the plan of

your barbet will be com-

plete, excepting only

the small ramps, which are necessary for ascending it.
These shall next be drawn.

From the inward ex-
tremities of those two /\
lines, which represent -5 /« ~
the front of your bar- //\\ /;\\~ N ) NN
bet, draw oblique lines N ~/ t s
backwards, to any consvenient points at the bottom of the intenior
slope of the parapets of your original work.

These oblique lines will repiesent the exterior sides of each
ramp.

Draw  perpendicu- /\
lar~ for the foot of each o X
ramp: then draw the /5 a1 \/[(\\
interion parallel to the //&, ‘[ /\‘/\ . ~
eaterior  sides, pro- d
ducing them as far as the terreplein. Make the slop of each
interior side of your ramps equal, at top, to that of the barbet : at

bottom, let it fall away to nothing ; and draw the whole of the lines
necessary, in the manner before directed, in uecating of ramps.

Rub out superfluous
Jipes ; draw the neces-
“sary diagonals across

the new slopes, to re-

present furrows; and \
your figure will be ~
complete.
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Your figure, in its present state, represents & barbet constructed
near the salient angle of a work, which is supposed to have no
banquette.

If there had been a banquette, the ramps of your barbet should
not have been placed close to the interior slope of the parapet, but
at some distance fiom it, in order that they might not interfere
with the banquette.

The method of drawing the ramps of a barbet battery, when
there are banquettes on each side, shall now be explained.

Draw two lines forming a salient angle as before, to represent
the crest of the parapet of the work, in which the barbet is pro-
posed to be constructed.

In rear of these and parallel to them, draw two other lines, to
represent the bottom of the interior slope of the parapet, which
agrees with the front of the banquette.

Draw a third sct of parallels, also to the rear, to represent the
back of the banqguette.

raw a fowmth set of parallels, also to the rear, to represent the
foot of the slope of the banquette.

Diaw lines conuecting the proper angular points, to represent
the fuurows formed in the interior slope of the parapet, and on the
slope of the banquette.

’ -
This being done, the space, contained between the two outer-

most lines of your figure, will represent the interior slope of the
parapet,
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‘The center space will represent the banquette.
And the remaining space will represent the slope of the

banquette.

Draw two lines on the interior slope of the parapet, parallel to
the faces of the work, in order to represent the front of the barbet :
and let these lines be nearer to the foot than to the cicst of the
interior slope ; because a barbet is usually very little higher than
the banquette.

Draw the reverse of your barbet, parallel to the fiont of it, as
before.

Draw also the extremities of your barbet, perpendicularly o1
pearly 80, to the faces of your original work.

~

The four last drawn lines will represent the form of the terre-
plein of your barbet.

Rub out those parts of the interior slope of your parapet, and of
your banquette, which now become superfluous.

Mark a point at any convenient distance upon the bottom of the
slope of the banquette, in order to represent the foot of the exterior
side of each ramp.
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Mark also a point upon each extremity of yowr barbet, a little
in rear of where it is intersected by the back of the banquette,
These new points are to represent the top of the exterior side of
each ramp.

Join these points by oblique lines, in ordér to represent the said
exterior sides.

-

Rub out that part of the foot of the banquette on each side,
which becomes superfluous, after the exterior sides of your ramps
arc drawn :

"Then draw the bottom and the interior side of each ramp in the
usual manner.

-

/

Draw the slope of the reverse of your barbet: draw also the
slope of the interior side of each ramp in the usual manner; and
complete the ridges and furrows formed by the meeting of these
slopes.
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In the ramps which vou before drew, the exterior side of each
ramp rested upon the parapet, and the parnpet being higher than
the barbet, there could not of course be any slope downwards
from the exterior side of your ramp tewards the parapct.  Conse-
quently it was not necessary to draw any slope, on that side of the
ramp.

But in your present figure, the exterior side of each of your
ramps is placed near the banquette; and a barbet is always higher
than a banquette ; therefore both the eaterior side of the ramp and
that extremity of the ramp itself, which is near the banquctte,
must have a slope downwards, untl they meet the level of the
banquette.

The difference of level between the barbet, and the terreplem of
any worh in which it is constructed, is usually not less than fom
feet six inches, sometimes more: but the differcnce of level
between the barbet and the banquette is seldom more thau one foot
six inches.

Consequently as all slopes are in proportion to thei heights, the
base of the slope of the reverse of the barbet, must be about
three times as great as the base of the slope of that extremity of the
barbet, which is near the banquette.

You will therefore draw lines across the tread of the banquette,
parallel to the extremities of your barbet, at a distance equal to
about one third of the breadth of the reverse slope of the barbet.
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These lines will represent the foot of the slope of that part of
the extremity of each barbet, which terminates upon the banquette.

‘The slope of the eaterior side of each ramp now remains to be
drawn.

From the point, where the last drawn lines meet the back of

the banquette, draw oblique lmes to the bottom of each exterior
side.

The whole of the slopes of your 1amp are now complete, but a
part of the funiows, which would be formed at the angles, remain
to be diawn.

Rub out those parts of your banquette, which interfere with
these <lopos, and diaw lmes to represent the said furrows.

=

You have now finished the plan of a barhet, according to the
modc, in which works of this description are usually constructed.

The guns, in a barbet battery, must be mounted upon platforms
of the sane strength and materials, as those before described.

0

Itis to be observed, however, that instead of making a separate
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platform for every individual gun, which is always done in batteries
with embrasures ; it is often usual, in barbet batteries, to construct
large platforms, upon which two or more guns may be placed
abreast of each other.

These LARGE BARBET PLATFORNMS have the same depth from
front to rear, and the same slope in that direction us a common
platform. Their width, which is greater, will of course depend
upon the number of guns proposed to be mounted upon them. If
you allow a space of from twelve to fifteen feet per gun, in a barbet
battery, it will be quite sufficient. A greater interval between the
guns was allowed in our former battery, for a reason which has

already been stated.

-

"There is another method for enabling guns to fire over a parapet,
without raising any interior mound or baibet for that purposc.

This is done by means of, what is called, A TRAVLR>ING
PLATFORM.

The platform so called is a strong fiame of timber, 1aised some
feet higher than the ground ; and capable of being traversed, that
is to say, turned to the right or left, upou a fived pivot, by meanty of
trucks or small wheels which support 1t.

The gun, mounted on a common carriage, stands upon this frame,
by which it is raised higher than the parapet ; and by moving which,
itis pointed to the right or left, as may be required. The breadth of
the frame is just sufficient for receiving the gun carriage ; but the
length of it is greater, so as to allow for a recoil of scveral feet
after firing.

In a book of elementary fortification, to give any further descrip-
tion of the construction of a traversing platform, would be foreign
to the subject. :
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1 shall only observe, that traversing platforms, from the facility
which they afford of quickly changing the direction of a gun to the
right or lef:, are peculiarly useful azainst shipping ; and are there-
fore gencerally used in tow ers or batteries erected for the defence of
a coast ; and onthe sea hme of maritime fortresses. The gunners
are also less exposed in working guns, mounted in this manner,
than n any other kind of battery.  In works, not directed against
the sea, traversing platfi 1ms ae less commoun.  When few only are

used, in a fortiess, they are generally placed at the principal salient
angles,

CnaP. XIII

CONNTRUCTION OF ‘1HE FINISHED PLAN OF A REGULAR
GCEIAGON, FORTIHILD ACCORDING TO VAUBAN’S TIRST

SMYNTEM —=WITH ENPLANATORY REMARKS ON PLAN
DRAWING.

The details, which have now heen explained, will be sufficient
o wnable you to understand clearly the finished plan of a regular
fortiess, many parts of which would otherwise, although in reality
simple, have appeared of a very complicated aund intricate nature,
as was vhserved in a former chapter.

We shall therefore next proceed to finish the plan of our regular
half octagon, of which you have alrcady drawn the outline : but as
our former scale, although sufficiently < lear for the purpose to which
it was then applied, 15 rather too small to represent properly the
detailed parts of a finished plan, we shall commence the whole of
our construction anew, on a larger scale. )

The plan, for drawing which, rules are now about to be given,
will, when finished, correspond with Plate V'; to which it will be
similar in every respect, excepting that there will, as usual, be some
difference between the scale, laid down in the construction, and that
of the plate.
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1. Draw a margin for your proposed plan, which may be sixteen
regular incbes by twenty-six.

2. Make 2 scale of 50 yards to an inch. [t is constructed as
follows.

Draw a right line eight regular inches long, and divide it into
four cqual parts.

Subdivide your left division into twenty equal parts, and make
every second subdivision more conspicuous than the others.

Under the left extremity of your scale, place the number 100;
under the middle subdivision place the number 50 ; at the end of
the first division write the figure 0, and from thence under cach of
the remainiug divisions write successively the numbers 100, 200,
and 300.

Each of the small subdisisions at the left of your scale represents
a space of 5 yards. They might havc been made somewhat smaller,
but the present mode of subdivision will be found accwat
enough, if carefully used.

For the paragraphs, which ought herc to follow, commeniing
with Nos. 3, 4, 5, &c. and continuiry as [ur as No. 50, wlusive,
see the same numbers, in Chap. F .

As a very great multiplicity of line: il be added, in com-
pleting the finished plan, the Learner may now, if he thinks
proper, pen the scarp lines of his figure, bejore he proceeds fur-
ther, which will prevent confusion.

51. In the middle of each of the faces of the reentering places
of arms, mark a space of 5 yards for the width of the ramps of
the covered way.

52. From the points, thus marked, draw lines about G yards
long, to represent the sides of the said ramps, in a direction nemly
parallel to the adjoining long branches of the covered way. Draw
also the top of each ramp.

By this comstruction, your ramps will be rather oblique to the
crest of the glacis, which is intended for the purpuse of screening
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them, as much as possible, from the observation of an encmy
besieging the foress.  Sometimes their parallel sides are curved,
s0 as to gatn an oblique duection by degtees.

We shall nest proceed to draw the communications across the
ditches of our foriess, which we shall suppose, in the center
front, to be toamed by bidges; but in the remaining frouts, by

capocs,

5%, Oa each sid» of the original perpendicular of your center
fiont, mark points at the distance of 24 ymds, and through these
p unts diaw hes across the mam ditch, parallel to the said perpen-
dicular 3 extewding, fust, from the curtain to the reverse of the
tenaid . aud secondly, hom the fiont of the tenail to the gorge of
the 1avi b,

34, A\t the distance of 40 yards from the salient angle, set off
a space of 5 vards, upon the right face of the ravelin of the same
fent: and from the points, thus marked, diaw lies, parallel to
cuh other, perpendiculaly across the ditch of the ravelin.

The paralich Ines, thas drava, across the ditches of your center
front, are to represent the sides of the bridges, which are supposed
10 be constiucted thee.

J5. Bdore the curtain, the tenail, and the right face of the
ravelin, of your center hont, at the distance of 5 yards from the
scarp lme of cach of these works, and parallel to it, draw lines
ac10ss your bidges to mak the extent of the drawbridges: and
complete your drawbridges in the usmal manner, counectiug the
opposite angles by diagonal hnes.

56. Ihaw lines outwards parallel to the sides of the standing
part of each bridge, at as short a distance as is possible, consistently
with clearness, in order to denote railing.

This will, at the same time, make the standing part of each
bridge appear wider than the drawbridge, which is generally the
case, as was before mentioned. (See Chapter V' I1, page 113.)

YOL. 11, Q '
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87. Mark a couple of ponts, upon the crest of the glacis of the
right face of the ravelin of yow ceuter front, in the duection of the
sides of the hiidge produced; and upon the foot of the same por-
tion of the glacis, at the distance of about 5 yards from the adjoin-
mg reentenug angle, set off also a space of 5 yards.

58. Join each correspondmg pur of powmts, thus marked,
nearly oppusite to each otheir, upon ‘the crest and foot of the
glacis of your raveln, by parallel lines, to represent a road of
communcation leading from the bridges across the glacis ; and let
the sides of your road be gently cuived so as to incline first a httle
to the left, and afterwards a little to the nght, but without auy
very considerable deviation from a nght hine.

The outlne of the principal commumcations of yom center
fiont 18 now complete. We shall nost diaw our proposd capo-
niers

59. Iu all your remaining fionts, on each side of the onginal per-
pendiculars of your fortress, mark pomts at the distance of 3 yards ,
and through these points, draw hines parallel to the said peipendi-
culars, extending across the main ditch, hetucen the tenuls and
the gorges of your ravcling.

Let these lmes represent the crests of the parapets of your
caponiers.

60. Parallel to yowr last drawn hines, draw new les, out-
wards, to the nght and left, 1 the same fronts, at the distance of 15}
yards, to show the extent of the glacis of your caponiers.

61. Draw lines across the glacis of each of your caponiers,

_at the distancce of about 5 yards m rear of the gorge of the adjoin-
mg ravelin, and parallel to it, iu order to show the bieadth of the
passages, or communications from the advanced extremities of yous
caponiers, into the mam ditch.

Here there is a difference between our construction, and that of
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the caponier represented in Chap. VII, page 116, in which tuo
communicattons or passages are shown, one at each extremity of
the worh.  In our present figure, no communications are supposed
to be formed, at the inuard extremities of our caponiers, near the
tenaul.

The outline of our plan, being now finished, we shall next pro-
ceud to msert the prmeipal hmes of the parapets, ramparts, &ec.
These must be drawn, all round, parallel to the scarp line of the
hody ot the place, as also to the scarp lines of the tenails and
1vclins, i the same manner that you before completed the plan
of the <imple tcnml, which was given 1n Chap. X1, as an illustra-
tion ot the Piaiples of Plan Drawing.  In your present draw-
mg, vou will make one small difference only ; that 15, by leaving
out the berm of your vanous works, which 19 too small to be
worthy of notice on a scale of 50 yards to an mch.

In conscquence of this onussion, the number of lines, which
must be diawn paralle] to the scarp hnes of your present plan, will
he onc less than the number of parallel hines, that you betore drew,
m tishing the plan of yowr simple tenail. -

For the respective distances, at which the vaiious parallels
required should be drawn, you must 1efer to the sections of a regular
fortiess, which you befoie drew. (See Chapter 1 I, and Plate 2d.)

Commencmg with the body of the place, as there represented,
you will find, by exammmg figure 2, that the base of the exterior
slope of the parapet of the cuttain, including the berm, is 18 feet
0 inches, which 1s equal to 4} ymds; that of the bastion, shown
m figwe 1, is G inches more; but considermg the scale of our

present diawing, it is mot woith while to notice so small a
differeuce.*

* For the same reason, the projection of the cordon beygnd the scarp
Q2
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You will also find, that the thickness at top of the parapet of the
body of the place is 18 feet, or 6 yards, in both figurcs.

62. Iniear of the scaip lives of the body of the place, in your
plan, you will therefore set off, succesuvely and in a perpendicula
direction, the followng distances :

First, 41 yards for the exterior slope of the parapet ;

Secondly, G yards for the thickness of the parapet at top,

And through the points, thus marked, diaw lines, all round,
parallcl to the scarp lines of the body of the place.

By referring to your sections a seccond tune, you will find,
that the base of the slope of the scarp tevetmant vanes from o feet
to 5 feet € inches, both of which dimensions we rather loss than
2 yards ; but on our present scale it 15 scareddy worth whnle to
notice the difference, .

63. In front of, and pmallel to, the scarp Iimes of the body of the
place, you will therefore diaw hines, all round, at the distance ot
about € yards, to show the slope ot the scarp revetment.

G4. In the extreme bastions, that 15 to say, m the nght and jeit
bastons of your half octagon, draw hncs conncctng the opposte
angles of the flank of cach; observing that, m so domg, vou will
join the corresponding angular pomts of the mtenot crest ot the
parapet, not of the scarp line.

The lines, thus drawn, will represent the gurges of the above
bastions.

By referring again to your sections, you will find that the
breadth of the terreplein of the body of the place 1s 39 fect, or 13
yards, in both figures.

lines, and that of the coping in rear of the various counterscarp hines, &c.
being only 6 incbes.e-wb, are a great deal too nubute to be uvticed in owr

present plan.
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G5. In rear of the parapets of all the curtains, and also in rear
of the parapets of the two center bastions, of your half octagon,
you will therefore draw parallel lines, at the distance of 13 yards,
to show the extent of the terreplein; and let such of the said
lines, as are drawn parallel tyg the adjoining curtains, be produced,
untl they cut the gorges of the two extreme bastions of your
fizwre.

"This being done, 1ub out those paits near the extremities of each
gorge, which fall without the points of intersection, thus found.

Refening agam to your sections, you will find that the base
of the mterior slope of the 1ampait of your curtain, as repiesented
m figure 2, 15 16 feet G inches, which is equal to 53 yards: that of
the bastion, shown m figure 1, is 1 foot more ; but it is not worth
while to notice so small a difference in our present plan.

00. Inicar of the teireplum ot all the curtains, and also of the two
centet bastions of yow half octagon, you will therefore draw paral-
Iel lines, all vound, at the distance of 51 yards, in order to show the
extent of the mterion slope pf the 1ampart of these works.

The natwre of the 1idges and furrows, which are always formed
by the mectg of slopes, and of which there will be a very great
number in yow present plan, has been already so fully explained in
our former constiuctions, that von can be at no loss as to the
proper places for inserting them.  You will therefore, when any
part of your plan is completely finished, recollect to diaw lines, to
teprescut the said ridges and furrows, without waiting for any
further dncctions to that effect.

REMARK.

If you now examine your two center bastions, you will find,
that a considerable space is left,.iu the interior of each, which is
supposed to rcmain on the natural level of the original ground ;
wlilst the ramparts, which inclose the above space on every side
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excepting towards the ieur, are rmsed considerably above that
level.

Consequently, a bastion, thus constructed, cither when viewed
from the ramparts, or as it appears in a moddl, resembles a kind of
bason, presentiug a great hollow or empty space m the mteno
of it.

Such bastions are therefore called LaMPi1y BASTIONS,

Sometimes, mnstead of bemg left hollow, in the above-descnbed
manner, the whole of the intetior of a bastion 1 filled up with
earth and rubbish, to the same height neaily, that 14 usually given
to the terreplein of an empty bastion.

A bastion thus constructed, so that the whole of the intenor of 1t
forms oune continued terreplem, is called v 1UIL BAsTTON

Having made these remarks, we shall procccd with onr con-
struction, drawing next the ramps ot the body of the place, and
first those of the extieme bastions of our half octagon, whih we
shall suppose to be full bastions. : *

It may perhaps be almost superfluous to sccommend the Icarner,
tf ke finds any difficulty in the construction of his 1amps, as lawd
down in the folloning paragraphs, to «o back to Chapter 1 111,
and study the first part of st with greater attention.

L]
We shall suppose that two ramps, each 38! yards long, arc to be

formed in our proposed full bastions , and that the tops ot the
exterior sides of these ramps are to agree with the eatreiities of
" the gorges of the said bastions.

67. From the extremities of the gorges of your extreme bas-
tions, as ceuters, with a radius of 38% yards, you will theretore
make intersections, upon the bottom of the interior slope of the
rampart of the adjoining curtains.
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Each of the new points thus found will show the foot of an exte-
rior side of one of your ramps.

8. Draw the exterior sides of your rampa, accordingly, by
connecting the proper points.

09. Make your ramps 5 yards wide; and draw the top, and
bottom, and ntenior side of cach, accordingly.

70. Let the interior slope of each ramp have a base or breadth
of 51 yards at top, winclpis equal to that of the interior slope of the
rampait ; fiom thence let it fall away to nothing at bottom ; and
draw the mterior slopes of your ramps accordingly, representing
each of them by a triaugle, iu the usual manner.

71. Connect each parr of ramps by a night line drawn between
the tops of the mterior sides.

The last drawn lines are to 1epresent the back of the terreplein
of your full bastions, and, if conectly drawn, will be parallel to
the former gorges, which may now be rubbed out, bemng of no
further use m the construction.

72. Rcprecent the interior slope of the rampart of each of your
tuil bastions, by drawing hines at the distance of 5% yards, in rear
of the last diawn hines, and parallel to them.

The genaral form of your two full bastions and of their ramps
being now complete, we shall next proceed to ‘diaw the ramps in
the empty Lastions, commencing with those of the flanks.

Let the foot of the eaterior side of each of these ramps agree
with the nward extremity of the bottom of the interior slope of the
1ampart of the flank, in which it is to be constructed.

75. From the above points, therefore, in your two empty bas-
tions, as centers, with a radius of 384 yards, make mtersections
upon the back of the terreplein of your flauks, in orde: to find the
top of the exterior sides of your proposed ramps; and draw the
said exterior sides accordingly.
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74. Complete the form of your ramps, making them 5 vards
wide. Draw also the interior slope of each 1vamp, n the veual
manner, making it 5t yards wide at top, and from thence falling
away to nothing at*bottom. .

75. Connect, by a right line, the top of the interior side of the
ramp of.ewr_y flank, aud that eatremity of the back of the tore-
plein of the same flavk, which is in rear of the angle of the
shoulder. .

The lines, thus drawn, will represent the new form, which is to
be given to the back of the teneplem of every flank, after the
ramps are constructed. Conscquently the formes hmes, which 1e-
preseuted it, will become mmaginary hnes, and may be rubbed out.

76. Inrear of the last drawn lines, and paiallel 1o thom, diaw
lines at the distance of 31 yards, to reprcaant the bottom of the
interior slope of the sampat of each flank, w1y uen form; for of
any change is made mn the terreplem of a work, 1t tollows, av a
matter of course, that the wterior slope of the rampat must also
be altered.

The general forn of the flanks of yowr «mpty bastions, and of
their ramps, being now complete, we shall next diaw the samps
in the fages of the same bastions.

77. On those fines, which represent the back of the teneplein
of the two faces of each empty bastion, fiom their common intr-
section or angular point, set off 15 yards cach way.

78. From the point, thus marked, on cach face, as a center,
with a radius of 41 yards, make an mtcrsection upon the bottom of
the interior slope of the rampart of the same face.

Let the formcr set of points, thus marked on the faces, show the
position of the top; let the latter show the position of the foot,
of the several extenior sides of yow proposed ramps.

79. Draw the said extarior sides accordingly, by joining the
proper points : complete the form of your ramps, muking them
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5 vards wide: and draw the interior slope of each ramp, in the
usual mammer, making it 5% yards wide at top, and from thence
falling away to nothing at hottom.

80, Produce those perpendiculars, which represent the top of
each pair of ramps inwards, as far as the capital of the bastion,
where they will meet,

81. From these points of intersection, as centers, describe
small arcx, connecting the top of the interior sides of cach pair of
ramps.

82. From the same points, as centers, but with a 1adius 5%
vands shorter (this being equal to the interior slope of the rampart),
desershe new ares commedting the extremities of those lines, which
represent the bottom of the mterior slope of each pair of ramps.

The arcs, thus diawn, 1 each empty hastion, repiesent the new
form, which is supposed o be given to the terreplein and interior
slope of the rampart, in conscquence of the foimation of the
1amps.

The general foom of the budy of the place is now complete,
wcluding the whole of its 1amps, which have been constructed
with a sope, whose hase is every wheie in the proportion of seven
times the height neaily *

By again referring to your sections, vou will find that the base
of the interion slope of all the parapets is in the proportion of one
thud of its height; and that in those parts, where there is a ban-
quette, thete is a height of 4 feet 4 inches only, and consequently

* The height of the terreplein of the flanks and cwitains heing 161 feet or
3% yards in rear, the ramps of the full bastions, and of the flanks of the
empty oucs, are made 381 yards long, which is exactly veven tunes the
above haght.  The terreplein of the faces of the hastions being supposed
to b "out 1 toot higher, the length of the rumps is there incroased to 41
yards, which preserves the same proportion nearly.
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the base of the slope must there be 1 foot 53 inches, which 1
one third of the above height; that is to say, the base of the
interior slope of the parapet 1s, in such places, very ncaily equal
to half a yard.

But in those paits, where there is no banquette, as for nstance
wheiever gun batteries are supposed to be cstablished ; the bave of
the interior slope of the parapet will be 2 feet G inches, which 18
not quite equal to one yard.

We are now about to draw the interior slope of the parapets of
the body of the place; and as 1t is proposed, in some parts to
represent a banquette, in others guu hatterics 5 therefore, stuetly
speaking, in some parts of ow figure, § yard, in others about 1
yard, ought to be set off for the extent of the smd mterion slope.

The former dimension is however so <nall, that it would be
better to leave 1t out entirely, than to attempt muoducmg 1t m a
plan drawn upon our present scale: we <hall therefore take no
notice of the difference, but make the intenion slope of the parapets
of all our works, nearly 1 yard wide, everywheie.

REMARK.

T shall here remark, that, generally speaking, in finished plans
of fortification, 1t is nsual, whenever a <imilar case occurs, cither
to omit the minuter parts of the woik altogether, as we have done,
in our present plan, in respect to the whole of our berms; or to
give them, for the sake of clearness, rather more than theu actual

_dimensions, ag we did in respect to the railmg of om bridges.
Thisj«it must be evident, could not have been represented, m its
true dimensions, on a scale of 50 feet to an inch; for the strongest
scantling, likely to be used for that purpose, would probably be
less than 1 foot wide. If we had begun our finished plan on a
much smaller scale than our present one, it might then have been
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necessary to omit the interior slope of the parapets altogether, and
to cnlarge some of the other slopes, &c. considerably beyond
their actual proportions, which, as we are now proceeding, we
shall he able to 1epresent accuratgly.

These inegularities, which are alwa.yn to be met with, do
uat detiact from the accuracy of a general plan of fortification ; it
beg well understood, that such a plan is not expected to explain
all thé smaller detmls of the various works represented.

In ke manner, in enil drawings, the general plan, elevations,
and sections of a great edifice, pomt out the principal dimensions
only . so that although the beauty aud merit of the design of the
Arclntect may be judged ot by exuminmng them, they do not enter
mto the misuter details of the woik. To explain these, rough
plans, m outline, of such particular paits as 1equire it, are drawn
up for the use of the artficers employed; and these working
plans, as they are called, arg equally necessary in works of forti-
hcation. .

Having made this remark, we <hall continue our construction.

8J. Iniear of the interior crest of the parapet of the body of
the pl.ce, diaw paallel lines, all round, at the distance of rather
less than 1 yard, to show the interior slope of the parapet.

We «hall nest diaw embrasures, in various parts, to represent
the position of gun batteries, which may be established on the
1ampaits of the body of the place ; and for the general dimen-
sions, which ought to be observed, in this part of your construc-
tion, I shall refer you to the plan and sections of the ficld battery,
which vou have already drawn. (See Chap. X, and Plates 3 and 4.,)

There you will find, that the sills of the embiasures do not
cauctly agice with the bottom of the interior slope of the parapet,
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.
but stand some inches more to the front. In our present plan we
shall, however, .suppose them to agree, in consequence of the
smallness of the scale.

Reducing the dimensions of the embrasures, as represented m
the plan alluded to, from feet to yards, iu order to swit our present
scale ; it will appear that they must be made rather less thau 1
yard wide in rear, but about 4} yards wide in front; and that the
front or mouth of each embrasure must he drawu in fiont of the
exterior crest of the parapet, and parallel to it, at the distance of
about 1 or 1{ yard.

You will also find that the embrasuies of a pun battery must he
placed at intervals of 6 yards apart, measmmg fiom centa to
ceuter.

Keeping these particulars in mind, you will draw the proposed
gun batteries in the body of the place of your half' octagon as
follows ; observing, that whatever distance shall be pomtad out
for the position of thecenter of the first embiaswe of each battery,
mustbe measured upon the mterior crest of the parapet, not on
the scarp line.

84. In each of your flanks, draw a battery of 5 guuns; let the
center of the embrasure of the first gun be placed at the distance
of 14 yards from the angle of the flank ; and, m drawing your
cmbrasures, let the line of fire of each oblique a little outwards,
30 that they shall see not only the main ditch, but also the covered
way and glacis in front of the faces of the opposite bastions.

By this construction, there will be a small variation betwecn the
divection of your present embraswes, and those of your ficld

"battery, in which every line of fire was made exactly peipendicular
to the parapet. '

85. In gach of the faces of your empty bastions, diaw a battery
of 3 guns, placing the genter of the fiist embraswe at the distance
of 14 yards from the angle of the shoulder; aud It the lme of
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fire of your embrasures be laid out a little obliquely, so that they
shall see the ditches of the opposite faces of the ravelins, as also
the covered way and a part of the glacis mn front of the said faces.

86. In cach of the faces of your full bastions draw a battery
of 5 guus, placing the center of the first embrasure also at the
distance of 14 yards fiom the angle of the shoulder; and attending
to the same rule, prescribed in your last drawn batteries, as far as
regards the ditection of the two first embrasures. In the three
yemaining embrasures of each of these new Latteries, you may lay
out the he of fire perpendiculatly, or nearly so.

87. In cach of the faces of your empty bastions, you will draw
a sccond battery for & guns, in addition to the three-gun battery
which i« abeady 1epresented there.

Place the center of the first embrasure of each of these new -
battiiies, at the distance of 55 yards from the augle of the
shoulder, and let the line of fire of the inbrasures in general be
laid out perpendiculaly, or neatly 0.,

88. ‘Towmds cach exticmity of the curtain of your center front,
diaw a battery for 3 guns, placing the center of the extreme embra-
sute of each of these Latieries at the distance of 40 yards from the
adjoming extremity of the cuitain; and make the line of fire of
your embrasures rather oblique, so as to bear well upon the inte-
nior of the opposite 1avelin.

Gun hatteries might also be represented in our remaining cur-
tins ; and it will be understood that embrasuree are not limited as
to their position, but may be opeued in anv part of the parapets of
a fortress, which is judged most convenient : we shall not, how-
ever, diaw any more embrgsures in the body of the place of our
present figure, as they might make it appear confused.

.

Nor shall we represent any mortar batteries in our present plan,
it being sufficient here to remark that they may be established
upon any part of the terreploins of the various works, that is
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judged proper; observing, huwever, that the platforms must be
placed some feet further i rear of the parapet, than is necessary in
a field battery, in order that they may not mterfere with the ban-
quettes of the fortress, which are essential towards its defence.

Mortar batteries, if introduced in a plan drawn on our present
scale, would be denoted by small circles, drawn a httle in 1ear of
the slope of the banquette, at the distance of about 5 yards apart,
in the manncr before explaincd, iu treuting of batteries. (See
Chap. IX, page 154.)

Having made these temarks, we shall next procecd t(.) represent
the barbet batteries, which we shall sup to Lo estabhished in
our all Biions. -

§9. In rear of the salient angle of cach of yow full hastions,
set off 22 yards from the angalar pomt, each wav, upon the
bottom of the intcrior slope of the puapct, for the cxtent of the
front of your baibets ;o and draw the terieplemns of each barbet,
making them 8 yards wide, with perpendicular extiemities.

But before we finish these works, it will be necesany previously
to inscrt the adjoining banquettes, without which the 1amps and
slopes of our barbets cannot well be drawn.

Instead, howerer, of coufining ourselses to those portions only,
of the banquettes of the body of the plac, which aie now more
immediately required, for the above-mentioned purpose;; it will be
most convenient to lay out the wholc of them at once; and it was
before stated, that where gun batteries are represented, no ban-
quettes must be drawn.

90. At the distance of about 1: or § yards, from the center of
the first and last embrasures of each of the former gun batteries of
the body of the place, you will thérefore mark points, ontwards,
upon the bottom of the interior slope of the parapet.

These poius are to show the extremity of each battery ; beyond
which, no pait of the banquette is supposed to be coutinucd.
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By referring again to your sections, you will find, that in all
your works, exccpting the covered way, the breadth of the ban-
quette is 4 fect, which i» not quite 1} yard ; and that the base of
the slope of each banquette is rather less than 6 fect 6 inches, that
is to say, very little moic than 2 yaids.

91, Iniem of the whole of the parapets of the body of the
place, excepting those parts where the gun batteries and barbets
are marked, you will thercfore draw parallel lines, all round, at
the distance of 1! vard nearly, to show the trcad of the banquette;
i rear of which, draw a second sct of parallel lines, at the
distance of about 2 yards, or a little more, m order to show the
slope of the banquette, of the body of the place.

92. Fiom the points, marked for the extiremities of your gun
batteries, diaw nght lues, backwards, not exactly perpendicular
to the parapet, but with a moderate spliy outwards, in oider to
represcnt the extiemities of the bioken portions of the banquette
of the body of the place.

These (xtiemities may be supposad to be formed with a slope,
and thaddore, accordiug to the principles of plan diawing, they
ought to be represenwed in our plan, by figures resembling sections
of the woik itself.

93. At the eatiemity of each of the broken portions of your
banquette, you will diaw small figures 1esembling sectious of the
banquette accaidingly.

This being done, the whole of the banquettes of the body of
the place will be complete. It is, however, to be observed, that
even in thuse parts of a fortress, wheie gun batteries are esta-
blished, small poitions of banquette are often constructed, in 1car
of the merlouns, between the adjoiving platforms. As the em-
braswes are G yards apart, and the platforms only 3 yards wide
in front, there will of course rewmain a space of 5 yards for the
base of the said banquettes; but by reason of the splay of the
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embrasure, and of the slope usually allowed at each extremity of
the banquette itself, the length of them nay be dimimished to less
than 2 yards at top. Such small portions of banhuette, although
useful, and, as before observed, often executed in practice, are
seldom or ncver represented in a general plan, where they would
appear too minute.*

Having made this remark, we shall now return to pur barbets,
the ramps of which must next be represented.

94. On cach extremity of your barbets, mark points for the tops
of the exterior sides of your proposed ramps, half’ way up the
slope of the adjoining bunquette; and from cach of these poiats, as
a center, with a radius of 10 vards, ‘make an jutersection upon the
bottom of the above-mentioned slope, in order to choew the posi-
tion of the fuot of the exterior side of each ramp.

05. Draw the extenior sides of the 1amps of your barhets aceor-
dingly, by joinng the proper points; mud complete the form of the
said ramps, makiug them + yvards broad.  (See Chap, X 11

96. Draw parallel lines, to show the eatent of the reverse slope
of your ramps, at the distauce of 5 feet; that is to siy, at the dis-

® Even in the ficld, it is usual to muke small banquettes hehind the
merlons of a gun battery, and behind he parapets of a mortar battery, in
any place not immediately in front of the platforms.  These however are
faerely intended as small lovk-out stations for men to stand upon, in order
to walch the enemy’s movements, as also 10 observe the effect of the fire of
» their own hattery.  Conscquently they are not made so high, nor so large
in any way, nor with such a convenient slope, as those portious of ban-
quetté. which are comstructed behind the merlons of a roguinr fortress.
Nor indeed is their form of any consequence whatever, provided there is
room for one or two men to stand convenicatly and see over the parapet.
Such being the case, it was not thought worth while to represent them, in
the plan and sections of our field battery,
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tance of rather less than 2 yards; the above being supposed to be
cqual to the height of the haibet nearly.

07. Diaw lines across the tiead of your banquette, parallel to
the (atromities of your harbets, at the distance of rather less than
I yard, in order to represent the <ope of the adjoining part of each
of the said exticonties, which is supposed to be equal to its height. *

08. Draw the iutetior slope of each of the ramps of your bar-
bets, making it equal, at top, to the revarse slope of the barbet itself;
and from thence gradually falling away to nothing at bottom.

OO, Dhaw also the exterior slope of each of these ramps, mak-
ing it equal, at top, to the slope of the adjoming part of the extre-
mity of the barbct: and from thencee falling awav to nothing at bottom.

Your bubets we now finished, which being supposed to be
alioat o o lugh, and their ramps 10 yads long, the latter are
Cons e sy constructed with a slope, whose base is in the pro-
portion ei sty times the height.

The tao barbats, which you have just drawn, will be sufficient to
oxp'un the mauner - which these woiks we represented in a
fiushed plhn of fortification; and therefore we shall not introduce
amy more of them in our piesent half octagon. It will, however,
be understood, that barbets are not limited in their position, but
mzy be constincted behind any part of the parapets of the body
of the place, as also behind any part of the parapets of the rave-
lins and other outworks, which may be judged proper, although
the salient angles are usually preferred.

* The banquettes of the fortress are 8 feet 2 inches high, as will be seen
by referring to the sections; and the barbets are supposed to be 5 feet
lngh. ‘The difference between these dimeusions, which 1s 1 foot 10 inches,
will therefure show the height of the slupe of the extremity of the barbet;
the base of which slope is supposed to be the same, but on so small a scale
we cannot make it much less than 1 yurd, in our plan.

VOL, II. R



242 ELEMENTARY TORTIFICATION. cnar. xmi.

The body of the place of our half octagon being now complete,
we shall next proceed 1o finish our ravelins.

By referring again to the second firure of vour sections, you will
find, that the base of the scarp revetment of vour ravelin is 5 feet,
or 1ather less than 2 yarde: that the exterion slope of the parapt
of your ravelm, including the berm, is 11 feet, or 3¢ vands; that the
terreplem of the ravelin is >0 fect, o1 10 vards broad ; that the base
of the intertor <lope of the 1ampart of the ravelm w 12 fect, o1 4
yards; and that the thicknese at top, and mtcrion slope, of the
parapet of the ravedm, as als) the diunensions ot the banquette of
that work, are the <ame as thowe ot the budy ef the place.

100. In fiout, thadfore, of the scarp Imes of vow raveling,
you will et ofl about 2 yards, perpendicularly, for the slope of
the scarp revetment.

Aud in rear of the scarp lines of vour raveling, yvou will set off,
successively and popendicnlaly, the following distances;

First, 5% vards for the «xtenaor slope of the parapet ;

Sccoudly, 6 vards for the thickness of the parapet at top ;

Thirdly, 10 yurds for the breadth of the terreplem;

Fourthly. 4 yards for the interior dope of the rampart ;

And through the vatious points, thus marhed, diaw lines, all
1ound, paralic] to the ccarp lines of your raveling.

101. In rear of the interior crest of the parapets of your 1ave-
lins, draw paallel lmes, all round, at the distance of rather less
than 1 yard, to 1epresent the intenior slope of the parapets.

By referrinz azain to your section, you will further find, that the
base of the slopc of tle gorge 1evetient of your ravelin is 3§ feet,
which is rather mosc than 1 yard.

102. In rear of the demigorges, and break at the gorge, of
each ravelin, you will tl.orefore draw parallel lines, all rouud,
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at the distance of about 1 yard, to showlheslope of the gorge
sevetments of your ravclins.

103. In the right face of your center ravehn, produce back-
wards those lines which'represent the sides of the drawbridge, as
far as the bottom of the interior slope of the rampart of that face.

104. The lmes, thus produced, are to represent the sides of an
open gateway or communication, sypposed to be cut entirely
through the rampart of the right face of the ceater ravelin of your
figure. The whole of the parallel lines, which intersect the said
communication, must therefore be rubbed out, excepting that
winch forms a part of the original scarp line. This is left, because
it agrecs with and represents the back of the drawbridge ; and
therefore, in aftcrwards penning your drawing, you must recollect
to mark it black.

We shall net draw embrasures, to represent the position of gun
batteries, which may be established on the ramparts of our ravelins.

105. In each of the faces of your ravelins, excepting that where
the bridge is represented, dravul:_nttery of 8 guns, in the usual
manner, placing the center of the first embrasure at the distance of
20 yards from the salient angle ; and laying out the lme of fire of
your embrasures, perpendicularly, or nearly so.

106. In each of the faces of your ravelins, excepting as before
that where the bridge is represented, draw a second battery of 3
guns, placing the center of the first embrasure at the distance of
55 yards from the salient angle ; and laying out the Jine of fire of
these embrasures obliquely, so as to bear not enly upon the opposite
reenterng places of arms, but also upon the branckes of the
covered way of the adjoining#Bastions. .

107. In the left portion of the right face of the ravelin of your
center front, draw a battery of 2 guns, placing the center of the
first embrasure at the distanice of 8 yards from the adjoining side

22
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of the open gateway there represented ; and let the line of fire of
your embrasures be peipendicular, or nearly so.

108. In the nght portion of the right face of the ruvelin of your
ceater froot, draw a battery of 4 guns, Placing the center of the
first embrasure at the distance of 8 yards from the adjoining side of
the said communication : let the line of fire of the two first guns of
this new battery be directed upom the road of communication, which
is cut across the glacis; and let the line of fire of the remaining
guns be laid out, 30 as to bear not only upon the opposite recnter-
iug place of arms, but also on the adjomning brauch of the covered
way, of the right demibastion of the same front.

109. In rear of the whole of the pampets of your ravels,
excepting those parts where the batteries and gatewuy are marked,
draw parallel lines, all round, at the distance of about 1} yad,
to represent the tread of the banquette ; in 1ear of which, draw a
second set of parallel les, at the distance of about £ yards, to
show the slope of the baunquette.

110. At the distance of 1# or € yards, fiom the center of the
extreme embrasures of each battery, draw lmes from the bottom
of the interior slope of the parapet, backwards, in order to repre-
sent the extremities of the broken portions of the banquettes of
your ravelins ; let these lines have @ moderate splay outwards ; and
complete the form of each of the said extremities, in the usual
manner, by drawing small figures resembling sections of the ban-
quette.

The form of the banquettes of our ravelins is now complete.
Wo shall next draw their ramps ; and es the height of the terre-
plein of the ravelins is 12 feet, or 4 yards, according to the section,
we may make our ramps 28 yards long, which will give them a
slope, whose base is in the proportifih of seven times the height.

,J 111. On those lines which represent the back of the terreplein
3f the faces of your ravelins, from their common intersection or
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angular point, set off 10 yards each way, excepting in the right
face of the ravelin of your center front only.

112. From the points, thus marked in the faces of your ravelins,
as centers, with a radius of 28 yards, mske intersections upon the
botton of the interior slope of the rampart of the same faces.

These new points are to matk the foot, whilst the former set of
points were to mark the top, of the exterior sides of the ramps of
your ravelins.

113. Draw the exterior sides of your ramps accordingly, by
Joming the proper points ; and complete the form of the ramps of
your 1avelins, in the usual manner, inaking them 5 yards wide.

114. Draw the iterior slope of each of the ramps of your
ravelins, nvaking it 4 yards wide at top, which is equal to the inte-
rior slope of the rampart of the ravelin, and from thence let it fall
away to nothing at bottom.

In diawing these slopes, the top of each ramp will necessarily be
produced, iuwards, to the distance of 4 yards ; and in each adjoin-
ing pan of 1amps, these produced lines, if correctly drawn, will
meet each other in the capitals of the ravelins.

115. lo all your ravelins, excepting that of your ceater front,
from that point in the capital of each, as a center, which is inter-
sected by the above produced lines, describe an arc connecting the
tops of the interjor sides of the adjoining ramps.

These atcs will represent the new form, which is supposed to be
given to the back of the terreplein of the above ravelinsy in conse-
quence of the-construction of the ramps.

116. In the left face of your center ravelin, rub out the whole of
that part of the original interior slope of the parapet, which is
beyond the top of the ramp represented there ; and produce the
interior side of the said rainp, outwards, until 1t meets the back of
the terreplein of the right face of the same ravelin.

117. Bisect the amgle, which is formed by the above lines,
mamely by the interider side of the mmp of your center ravelin pro-
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duoed, and the back of the terreplein of the right face of that
work : and produce backwards the top of the above ramp, until
it meets the said bisecting line.

118. From the point of iutersection, thus fuund, as a center,
describe av arc, commencing at the top of the aterior side of
the ramp of your center ravelin, which you will continue, until
it meets the back of the terreplein of the right face of that wak.

119. Frow the same peint, as a center, but with a radius 4
yads shorter (tAis being equal to the interior slope of" the rampurt
of tie ravelin), describe a second arc, connecting the adjuining
etremity of that line, which represents the bottom of the witerio
slope of your ramp, to that which represents the hottom of the
interior slope of the rampart of the right face of the 1avelm.

The arcy, thus drawn, in your center ravelin, ro present the new
form which is supposed to be given to pmt of the tcrreplein and
intcrior slope of the rampart, in rear of the salieat angle, in conse-
quence of the construction of the ranip.

A new ramp maust next be drawn in the same 1avelm, for the
purpose of ascending to that pait of the terreplein, wlich s 1o the
right of the gateway; but as there 15 not room theie for a ramp
equal in extent to the former oues, the leugth of the new ramp
proposed must be diminished to 20 yaids, the slope of which will
be in the proportion of five times its height ouly.

120. Upon the bottom of the interiot slope of the rampart of the
right face of your center ravelin, at the distance of 4 yaids to the
right of the gateway, mark a point, to show the position of the
foet of the exterior side of your proposed ranp. And from the

~above point, as a center, with a radius of 20 yards, make an inter-
section on the back of the terreplein of the same face, iu order to
show the position of the top of the said exterior side.

12% Diaw the caterior side of your ramp accordingly, by con-

the points, thus maiked ; complete-the form of your ramp
usual manner, making it & yards brosd; and rub out the
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whole of that part of the interfor slope of the right face of your
ravelin, which is beyond the top of the said ramp.

12€. Draw the interior slope of your ramp, making it 4 yards
wide at top, which is equal to the interior slope of the rampart of
the ravelin, and from thence falling away to nothing at bottom.

123. Pioduce the interio: side of your ranp as far as the right
demigorge of your ravehn, mn rear of which produced line, and
parallel to it, draw a second I'ne at the distance of 4 yards.

These two lines will represent the new form, which s supposed
to be given to a part of the terreplein, and interior slope of the
rampart of the right face of the center ravelin of your figure, in
conscquence of the construction of your last drawn 1amp.

W ¢ shall suppose the extiemities of all ow ravelins, as also the
sdes of the gateway, i our center ravelin, to be reveted, with a
slope: of about ome sinth of the height,

121, Atrcach extiemity of the ramparts of your ravelins, you
will theretore diaw a figure resembling a distorted section of the
ravedin neelt; makmg the sad figwmes, however, for the sake of
clcanmss 1ather larger than, stictly speakiog, the abeve-memtioned
slope of one siath ought to permit.

125. At the eatremity of each broken portion of the right face
of yow center 1avehn, you will also draw a figwie 1evembling a dis-
torted sectiun of the rampart of the ravelm, making it, for the same
reason, rather larger than its actual dimensions are supposed to be.

The ravelins of our fortress being now complete, we shall next
finish our tenails.

o s

~

By referriug again to the second figure of your sections, you
will fiud, that the buse of the scarp revetment of your tenail is
3 feet or 1 ymd ; that the base of the exterior slope of the parapet,
including the berm, is 4 feet 6 inches, or 11 yard ; that the remain-
ing dimensions of the parapet aud banquette of the tenail are equal
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to those of the body of the place and ravelins ; and that the base
of the gorge revetment of the tenuil is 2 feet @ inches, which is
rather less than | yard.

126. In front, therefore, of the scarp livee of your temils, you
will set off 1 yard, perpendicularly, for the slope of the scarp
revetmeant. ot

And in rear of the searp lines of your tenails, you will set off,
successively and perpendicularly, the following distances;

First, 11 yard for the exterior slope of the parapet ;

Secondly, G yards for the thickness of the parapet at top ;

"Thirdly, rather less than 1 yard for the interior slope of the
parspet;; ' b

Fourthly, about 14 yard for the tread of the banquette ;

Fifthly, about ¢ yards for the slope of the hanquette ;

Lastly, in rear of the reverse lines of your tenails, set off rather
less than 1 yard for the slope of the gorge revetniuts ;

And through the various points, thus marked, drdw lines, all
round, parallel to the scarp lines of your tenails.

127. In the curtain of your center tenail produce backwards
those limes, which represent the sides of the adjomning drawbiidge,
as far as the bottom of the slope of the banquette.

The lines, thus produced, are to represent the sides of an open
gateway or communication, supposed to be cut entirely thiough the
parapet of the curtain of your center tenuil. The whole of the
parallel lines, before drawn, which intersect the said communica-
tion, must therefore be rubbed out, excepting that which agrees
with the back of the drawbridge.

We shall suppose the cxtremities of all our tenails, as also the
sides‘of the gateway in our center tenail, to-be reveted, with a slope
of about one sixth of the height.

168. At each extremity of the tenails, represented in your plan,
you will therefore draw a figure resombling g distorted section of
the tenail iteelf ;- making the said figares, Nowever, for the sake of
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clearness, mather larger than, spesking, the sbove-men-
tioned slope of one smath ought to

120. And on each side of the gatewsy represented in the curs:
tam of your center tepuil, you will, in like psannesy draw a figure
resembling a disproportioned sectiof of the parepet and banquette
of the tenail; also enlarging these new #itires, like the former ones,
somewhat bevond thewr just dimeabions, and for the ssme reason.

This being done, yonr tenails will be complets. We shall next
proceed to fimsh our counterscarps and covered way.

By referring again to your sections, you will find, that'the
base of the slope of your couniterscarp revetments varies from $
feet 6 inches, to 3 fect 8 inches, neither of which dimensions is
much more than 1 yard.

130. In rear, therefore, of the various counterscarp liwes of your
fortress, diaw liles parallel to them, at the distance of rather more
than 1 yard, in oider to represent the slope of the counterscarp
revetments. .

131. In rear of the crest of your glacis, you will mext draw
parallel lines all round, at the distance of rather less theu 3 yard, in
order to 1epresent the interior slope of the parapet of the covered
way.*

192. Let each side of the ramps in the reeatering places of
arms have a slope, at bottoms, equal to the interior slope of the
parapet of the covered wans. and from: thence falling away to
nothing at top; and draw the slopes of the said ramps accord-
iugly. ?

133. In like manner, in the communication, represented across
the glucis of your cester.ravelin, Jet each side of the roed have a

* As { the covgrpd wiy only will be formed with bangughtes, the
umeaem:heretpp! Mwmmmd,inmﬁmormm
ﬂopeormmpuor&hdiwaem (e page 234.)
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slope, in_ rear, equal to the iuterior slope of the parapet of the
cpvered way ; but from thélice falling away to nothing in front;
and deaw the said slopes accordingly.

Before we draw the banquettes of the covered way, it will be

* proper to finish the traversam.. We shall suppose that they are of
the same iterior height as the qpest of the glacis nearly, that is

from 7 feet 6 inches to 8 feet. 1f we further suppose, that the

traverses have a dip of ome sixth of their thickness at top ; then the

exterior height and slope of each will be about 1} yard, or a little

more. The banqueittes of the traverses, a8 well us those of the

covered way, are supposed to be 1 foot wider than our former

banquettes;. because a part of them is occupied by a vow of pali-

sades; but on our present scale, it is scarcely worth while o

134.. In front of each of your traverses, you will therefore set
off, perpendicularly, about 1% yard for the exterior slope ; and in
rear of each traverse set off, successively and perpendicularly, the
following distances ;

First, rather less than yard for the interior slope of the tra-
verse ;'

Secondly, about 11 yardfur the hanqnette,

Thirdly, about £ yards for the slops of the banquette ;

. And through the various poiuts, thus marked, draw liues parallel
wd:e front or back of each traverse.-

.135. From the outwasd extremity of each traverse, in rear of the
Mcm&toﬂt, draw a right line to: show the extremity of the
bangpatte.of the travene ; and let thete hnuobhque backwards
Wﬁn covered way, with a moderate splay, in order to give
more room for the passage. :

156. - At 'the. inward extremity d‘ eieh tmme, draw a small
figiare résembling = disproportioned section of the traverse ; and
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rub out these parts of your original counteucarplmes,whtchmtere
fese with the smd figures.

137. At the outward extremity of cach traverse, draw also a
nall figure, resemblivg a distorted section of the same ; butin
oider to give more room for the adjoiniug pessage, round off both
angles of it, in the manner expluned in a former chapter of
this work.  (Sce Chap. X1, page 202.)

This bemg done, the uew figures, thus drawn, will not, like the
former ones, represciil the whole of the lines which ought to appear
m a sccuon of the traverse, but will be imperfect at the angles.

W ¢ shall neat draw the banquettes of the covered way, observiug
howcver that none must be represented opposite to the outwaid
ovianties of the traverss ; because the‘hmquette could not be
contmved 1 these portions of the covered way, without blocking
up the necessary passages.  The road of communication and the
yamps 1 the reentenng place of arms, must also of course be left
fiee.

138. Inicar of the whole of the crest of the glacis, excepting
the above-mentioned portions of it ounly, you will therefore draw
patallel hines, all sound, at the distance of about 1} yard from the
bottem of the wterior slope of the parapet, in order to represcnt the
ucad of the banquette ; m 1ear of which draw a sccond set of pa-
1allc] lines, at the distance of about 2 yards, to show the slope
of the banquette of the covered way.

'The eatiemities of the broken portions of the hanquettes of
your covered way must next be 1epresented, which must be done in
the same manner as those of your former banquettes.

139. Draw right lines to represent the extremities of the various
broken portions of the banquettes of your covered way accord-
mgly.  Let a part of these lmes be drawn from the inward extre-
nuty of each of those small breaks in the crest of the glacis, which
represent the front of the passages of the traverses. Let a part of
them be drawn from the ioward extremities of the sides of the road .
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of communication, and ramps of the covered way. Let the
remainder of them be drawn at such a distance from the rear of
each traverse, as to leave a clear passage of about S} or 4 y.uds in
the narrowest part. And let the whole of them have a mod: rate
splay outwards.

140. This being doné, complete the form of the said extremi-
ties, m the usual mauver, by drawing emall figures resembling
sections of the banquette.

The whole of the covered way being now complete, we shall
next finish our capouiers, and bridges, which at piesent appun
outline only.

141. From the crests of the parapets of all your capomiers, set
off, successively and perpendiculaily, the followmg distances,
inwards ;

First, rather less than 1 yard for the mterior slope of the
parapet;

Secondly, asbout 1} yard for the banquette ;

Thirdly, about 2 yards for the slope of the banquette ;

And through the various pomts, thus marked, draw lines parallel
to the crests of the parapets of your capomers.

We shall suppose the outward or advanced extremities of our
raponiers to be reveted with a slope of ahout one sixth.

142. You will therefpie complete the fonn of the said extre-
mitics, in the usual manner, by drawing small figures resembhing
disproportioned sections of the capomer, which, for the sake of
cleamess, you may make a little larger than their just proportion.

Strictly speaking, small figures, resembling dispioportioned sec-
i"ﬁm, ought also to be drawn at the inward extrenuties of the capo-
piers, because they terminate upom the scarp revetncnt of the
tenai), whick is a sloping surface. But we shall not sepresent the

said figures in our present plan, nor are they ever represcnted in
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general plans of fortification, because, unless the scale were a great
deal larger thau 50 yards to an inch, whick i such plaus is not
usual, the small sections, alluded to, could not be marked upon
that space, which represents the slope of the scarp revetment of the
tenail, without creating coufusion. Ins & detailed plan, drawn on
a very large scale, and representing a small portion of a fortress,
such as, for instance, the tenail, caponier, and gorge of the ravelin,
ouly, they might, however, be introduced with propriety.

Our caponiers bewy therefore finished, as far as is judged neces-
sary ; we shall next proceed to complete our bridges.

143. Across the standing part of each of the bridges, which
appear in your center frout, draw perpendiculars to represent
planks, placing the said planks as pear to each other as is possible,
without creating confusion.

144, Produce the sides of the first plank of each biidge, that is
to say, of that plank which is immediately in front of the draw-
bridge, about 1 yard each way, to the right and left, beyond the
sides of the railing; and join the extremities of these produced
Imes by shoit perpendiculars.

You have now, in all your bridges, formed two small rectangles,
one ou cach side beyond the railing. These are to represent the
ends of one of the piers or beams, by which the bridge is supported.
The remaining piers or beams, all of which are supposed to be
placed at equal intervals from each other, must next be drawn.

145. For this purpose, divide the standing part of the bridge,
which extends from the curtain to the tenail, into two equal parts;

Divide the standing part of the bridge, which extends from the
tenail to the ravelin, into ten equal parts;

Divide the standing part of the bridge, which extends from the
raveliu to the covered way, into three.equal parts:

Aund oppasite to the various points of division, thus found, draw
small rectangles, equal to the former, on both sides of each
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bridge, in order to represent the remainder of the piers or beams,
which were to be drawn.

In a wooden bridge, auy part or division of it, which is supported
by two adjowing piers, isealled A BAY or THE BRIDGL.

The bridges of our fortress beiug now complete, we shall nent
proceed to draw the various staircases, and first the stancases o
communication in the reverse of the several works,

146. Upon the bottom of the slope of the gorge revetmcnt «of
each of your tenails, cxcepting that of the center fiont of vour half
octagon, mark a space of 5 yards, exactly in the middic of the small
curtain, in order to show the breadth of the landing place of a pro-
posed double staircase. (Sec Chupter 1 [11, puge 158.)

147. From the points, thus marked, as centers, with a radis of
G yards, make intersections upon the original gorge lines of vour
tenail, that is to say, upon those hues which represent the top of
the slope of the gorge revctment. Let the new points, thus found,
show the position of the top of the interior sides of yow proposed
double staircases ; and draw the said interior sides accosdingly.

148. Make your staircaes 2 yards broad: and draw the top,
and bottom, and exteiior side of each.

149. Connect the top and bottom of each pah of exterior sides
by right lines,. in order to show the slope of tl.c revetment of yout
double staircases.

150. Draw perpendiculars across each staircase, to repiesent
Meps, as near to each other as is possible, consistently with
cleamess. '

‘Thiy being done, the staircases in the reverse of our tenails will
be complete. We shall next draw thosc of our ravelins.

151, In the middle of the break at the gorge of each of your
ravelins, excepting that of the center front of your half octagon,
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set off a space of 5 yurds, upon the bottom of the revetment,
in order to show the breadth of the landing place of a proposed
double starrcace,

152, From the points, thus marked, as centers, with a radius
of 10 yards, make intersections upon the original gorge lines of
your 1aveling, that is to say, upon those lines which represent the
top of the <lope ol the gorge revetment.  Let the new lines, thus
found, show the position of the top of the interior sides of your
proposed double staircases, and draw the said interior sides accord-
ngly.

1o Make sour stancases @ yaids broad ; and draw the top
and bottom, and extenor side of cach.

151, Connect the top and bottom of each pair of exterior sides
by nght hines, to show the slope of the revetment of your double
stwrrcases, aud diaw perpendiculas to represent steps, in the usual
manner.

Tlus bome done, the staircases in the reverse of our ravelins will
be complete, We shall next draw those of the covered way, com-
menang with the staieases of the salient places of arms.

155, In the middle of cach of the circular parts or salients of
vour counterscarp, set off a space of 5 yards upon the bottom of
the slope of the revetment, i order to show the breadth of the
landing place of a proposed double staircase.* ’

156, From the points, thus marked, as centers, with a radius
of 10 ymds, make intasections upon the original counterscarp
lnes of your plan, that is to say, upon those lines which represent
the top of the slope of the revetments, in order to show the position

of the top of the interior sides of your proposed double staircases.

~ "T'his of course implies, that one half of the bLreadth of the landing
places will be set ofl to the right, the other balf to the left, of the capitals of
the sahient places of arms.

R8
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157. Draw ¢he said interior sides accordingly, by connecting
the proper points on the top and bottom of the slope of the coun-
terscarp revetment; but as the counterscarp is built theie in a
circalar form, the points alluded to must be connected by cunved
lines, not by right lines, as in-your former constructions.

158. Complete the form of your staircascs, making them 2
yards broad, and representing the exterior sides of them by curves,
drawn parallel to the interior sides, at the above distance; but
marking the top and bottom of each by perpendiculars, n the
usual manner.

159. Connect the top and bottom of cach pair of exterior sides
by curved lines, in order to represent the slope of the revetment of
your double staircases. These curves must be drawn parallel to
the original curves of your counterscap, which are arcs of a cirele;
and thercfore, in describing them, the same points, that is to say
the salient angles of your bastions and ravclius, must be uscd as
centers.

* 160. Represent steps in the usual manner, and the double
staircascs of all the salicnt places of arms of the covered way will
be complete, ‘Those of the reentering places of arms shall noxt

be drawn.

161. From each of the reentering anzles of the counterscarp,

set off 4 yards to the right and leftin order to show the position
of the foot of ¢arch of the interior sides of your proposcd double.
staircases,
- 162. From the points, thus marked, as centers, with a radius of
10 yards, mal.c intersections upon the original counterscarp lines of
your plan. et the new points thus found show the position of the
tops of the interior sides of your proposcd double staircases; and
draw the said inferior sides accordingly.

165. Make your staircases 2 yards broad; aund draw the top,
and bottom, and exterior side of each.
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164. Draw right lines connecting the bottom of cach pair of
exterion sides, i order to show the front of the landing places of
your double stairca<es. '

105, Parallel to these Jines draw a second set of lines, out-
wards, at a distance equal to the breadth of the slope of the coun-
terscarp revetment, in order to show the extent of the slope of the
revetment of your double staircases, in that part of each, which is
immediatdy m front of the landing place.

1xi. Diaw the dope of the 1evetment of each of the exterior
sudes of your double staircase s ; making the said slope, at bottom,
cqual to that of the countascarp revetment, and fiom thence falling
anay to nothig at top.

This beng done, the whole of the slopes of the revetment of each
of yvowr new double staireases will he complete, which by reason
of the angles, could not be drawn in so simple a mauner, as the
conesponding slopes of your former staircases.

177. haw perpendiculars, in the usual manner, to represent
steps, and all the staircases of the covered way of your half octa-

gon will be complete.

REMARK.

In afterwards penning your dianing, you may leave your landiug
places open in 1cw: (in the manner represented in the second
Jigure of a double staircase, given in puge 139), in order to de-
note, that the said landing places are supposed to be on the samne
level with the bottom of the ditch.

But if; as is sometimes the case, the landing places of our stair-
cases were supposed to be raised one step higher than the bottom
of the ditch, then it would e uecessary to 1cpresent the said step
by a line drawn across the reverse of the landing place. In the
staircases of the salient places of arms, this would be done by a

VOL. 1. >
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curved line ; but in all the remaining staircases of commuuication
by right lines.

When the ditches of a fortress are wet, the landing places of the
staircases of communication, are always placed a hittle above the
level of the surface of the water, so that men may be able to step
out of a boat conveniently upon them. Consequently they we
always at a considerable height above the bottom of the ditches.
Sometimes, also, when the ditches of a furtiess are dry, the landing
places of the staircases in the 1everse of works are not placed on
or near the level of the bottom of the ditch, which we have
hitherto supposed to be the case, but at the heaht of 6 or 7 fut
above it.  This is done, 1 order to prevent an cnemy from pene-
trating easily into the various outworks, by mcans of the staircases at
the gorge; and in this case the tioops of the garrison themselves
aie obliged to use short ladders, for the puipose of ascending from
the ditch to the level of the landig places, which they diaw up
after them into the interior of the work, as soon as the whole ot any
party of men, sent there on duty, bave ascended.

In drawing the plan of a staircase of the last-mentioned descrip-
tion, the back of the landing place, and consequently the foot ot
each interior side of the stahicascs would not exactly agree, as
our former constructions, with the bottom of the intenor slope of
the gorge revetment of the woik, in which it 1s supposed to be
forined ; but would require to be drawn a part of the way up the
said slope.

For instance, if we suppose a double staircase to be constructed
in the reverse of a work, the lauding place of which is supposed
to be raised to the height of 6 fect above the level of the ditch;
whilst the gorge revetment of the work itself iy 18 feet high above
the same level ; then the landing place beiug by supposition one
third of the total heighit of the revetment, it will be cvident that
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the back of the landing place must, in a plan, be represented by
a lme diawn 1 fiont of and paiallel to the bottom of the slope of
the gorge revetment, exactly one third way up that space which
1cpresents the said slope.  And the éxtremities of the back of the
landing place, thus drawn, will also represent the position of the
bottom ot cach mterior side of the propesed double staircase.

But 1t 15 here to be obsersed, a- on former occasions, that even
under the above supposition, it would not be worth while, in any
general plan ot fortification, to mark the difference between the
position of the back of the landing place of a staircase of this
ki, and the bottom of the gorge revetment of the work i which
it 15 supposed to be constructed. For example, in a landing
place 6 feet high, the above difference would only be 1 foot, admit-
ting that the gorge revctiment had the usual slope of one sixth of its
height. This difference, 1t may easily be conceised, would be by
far too muignificant to notice, except in a detailed plan, drawn on
a much larger scale than 50 yards to an inch. It is proper, how-
«ver, as I must again repeat, that euch mmutize, in the art of plan
diawmg, although frequently omitted in practice, should be tho-
roughly understood.

Having made these remaiks, we shall return to our construction.

163. Exactly in the middle of the center curtain of the body of
the place of your half octagon, set off a space of 4 yards on the
back of the terreplein, to show the breadth of a gateway; and in the
nuddle of each of the remaining curtains of the body of the place,
set off, in like manner, a space of 3 yards on the back of the terre-
plein, in order to show the breadth of posterns or sallyports; and
from the various points, thus marked, diaw perpendiculars, out-
wards, across your curtains, to represent the sides of the said gate-
way and sallyports.

These are supposed to be arched over, and therefore, in after-
wards penning your drawing, they must be dotted.

s2
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‘That part of the entrance of each gateway, which is in rear of
the back of the terreplein, still remains to be drawn. It is sup-
poscd to be left open at top, and is usually wider than the aiched
part of the gateway.

169. Draw the said entrances in all your curtaius, making that
of your center curtain 6 yards wide, but those of yvour 1emanung
curtaius 5 yards wide only. Represent the sides of them by small
perpendiculars, drawn across the intetior slope of the 1ampart ; and
let the ccnter of each agree with the center of the consponding
gateway or sallyport, which vou have alieady drawn, w the same
curtain.

170. On each side of the above entrances, diaw figure , «vtend-
ing across the interior slope, to represent stancases of the rampart.
Make these staircases about 3 yards wide ; marhing their <des In
double lines to show the copings, and drawing al<o lines to repre-
sent steps in the usual manner. (Sce Chapter V F11, page 130.)

171. Diaw a couple of lines perpendicularly across the curtam
of each of your tenails, excepting that of the center front of your
half octagon, at the distance of about 3 yards apart, m order to
represent the sides of arched sallyports supposed to he placad
exactly in the middle of cach tenail ; and 1ccollect, in afterwads
penning your drawing, that the said hines must be dotted.

172. In every curtain of yow half octagon, excepting the cen-
ter one, iparkithe front of cach sallypoit, upon that spacc, which
represents the slope of the scarp revetment, by a small figure
resembling a disproportioned elevation of a semiciiculm gateway.
( See the concluding part of Chapter A1I.)

Strictly speaking, a similar figure ought also to be drawn in the
cnrtain of our center front, but we shall omit it for the sake of
clearness, as it would make the back of the drawbridge, which 1s
represented there, appear confused.

173. According to the strict principles of plan drawing, small
figures, resembling disproportioned clevativus of a semicircular
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gateway, ought also to be marked in front and rear of each tenail
of your half octagon, excepting the ceuter one, upon those spaces
which represent the slope of the scarp revetment, and the slope of
the gorge 1evctment, of these works.  You may mark them, if you
thiik proper, observing however, that if the breadth of each of the
sad slopes, which in both is small, wepe laid off according to its
just dimensions, 1t would scarcely be possible to introduce the
small figures alluded to upon etther of ther, in a plan drawn on
our present scale, without creating confusion.

The whole ot the outhne ot your fimshed plan is now com-
plete m all its detanls,

17t Penyow diawing, maiking the revetments by red lines as
wsual, the remamder m black.

Observe alvo, that m addition to the scarp lines, crest of the
glacis, aud mtenor crest of each traverse, which, as it was before
stated, must be penned by thick limes; the interior crest of the
parapct of every work must also be made thick.

It 15 hkewsse usual m a general plan, hke our present one, to
pen with thick hines one cheek of every embrasure all round,
choosing always, for this purpose, that cheek, which is nearest to
the top or lft side of your margin.

175. You may next shade your drawing with Indian ink, in
which the rules generally observed are as follows.

Firt, those parts of a fortress, which are either horizoutal or
nearly so, such as the interior of woiks in rear of the ramparts, the
teriepleins, banquettes, berms, ditches, and covered way, are always
lcft blank or unshaded.

Secondly, all slopes are shaded ; but in so doing, those slopes
which approach neatest to a horizontal plane, that is to say whose
base bears a sgreater proportion to their height than others, are
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shaded lighter in proportion. For example, the glacis 15 usually
shaded lighter than the exterior slope of the patapet.

Thirdly, in conformity with a rule mentioned w Vol. [. (See
page 268) the hght 15 always supposed to shme from the left
extremity of the top of a drawing, in a dagonal direction, down-
waids ; and consequently all the slopes of your foitress which face
towards the top or left side of your margin, must he shaded hght,
whilst, those which face towmds the bottom or nght wide of 1t,
must be shaded dark.

Fourthly, in shading slopes, the Indian ik 1 applied stronger at one
uide thau at the other, but the difference of shade must be gradual,
the daiker paits being softened away by degrecs and the full (flcct
required must not be attempted all at once, but by applyug «cvainl
successive shades one over the othes.

In those <ides of a work, which are supposcd to face towards
the hght, and which are therefuie shaded more hghtly than the
others, as was before observed, the varous slopes must be diaded
off, as it 15 called, from the bottom upward«; that 15 to wax, the
darkest part of the sMade must be apphed to that i, which
represents the Lottom or fout of the slope.

In those sides, on the contrary, which ate not supposed to face
towards the light, and which consequently must be made darker
than the former, the various slopcs must be shaded off fiom the
top downwards.

Such are the rules, usually kept in view, in shading the finished
plan of a fortress ; but deviations from them may often be obsersed
in well-executed plans, either for the sake of producing a better

~ effect, or to render the plan clearer, which last point, nest to accu-
racy of outline, is the principal merit in fortificational diawings.

176. You may uext, if you think proper, colour your diawing,
the rules.for which are as follows.
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Earthen slopes, such as the interior slope of the ramparts, the
whole of the parapets, the traverses of the covered way, the glacis,
and the slopes of the various banquettes, arc usually washed over
with a light timge of gieen.

Dry ditches e washed over with a light tinge of brown, re-
sembling the colour of sand. Wet ditches, when any are intro-
duced, which 15 not the case in our present plan, must be washed
over with a hight tmge ot blue to represent water.

Woudwork 15 usually colowed, <o as to resemble the natural
- ’
appcatance of tmbe, before it 1s painted.

In the plan of a foiufied city, when the streets are represented,
the houses of the mhabitants are always stained red, this being the
colom chosen to denote masomy, as has frequently before been
mentioned.  In mibtary builldings, however, paiticularly such as
arc connected with the fortifications, a different practice is usually
followcd.  In these, not then foundation or ground plan, but their
100fs arc often shown.  Tor this puipose, after completing the out-
line of each building, which 1s thus to be 1epresented, lines are
drawn to marh the ndges and furrows of its roof, the sloping sides
of which ae afterwards shaded with Indian ink, according to the
tules before stated ; and the whole is then washed over with a light
tinge of blue to represent slating.

Strictly speaking, the same rules, which hold good in representing
one khind of buildng, ought also to apply to all othess, at least in
the same plan. 1t 13 better howeycr to make the above distinction,
by means of which it can be scen at once, whether the buildings
represented in the plan of a fortress are civil or military.

In penning streets or buildings, those sides, which face towards
the top or lett side of the drawing, are marked by thin hines, whilst
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the others are made thick ; the former to represent the light, the
latter the shaded sides of the houses.

In architectural or mechanical drawings, 1epicsenting buildings,
carpenter’s work, machinery, &c. the above rule is alwans followed
in tegard to the thickness of lines; o that, generally speaking,
about oue half of the lines intioduced in them are pomcd i, the
remaining half being penned thick, according to the ducction trom
whence the light 19 supposed to shine.

Fiom the nature of the objects 1epresented e such diawnies,
this contributes very much to render them elear and disunct. But
i plans of fortification, in which a very gieat number of parallil
lines are generally iutroduced, the same methad, it follow.d,
would create confusion ; and therefore the principal lines of a for-
tress only e penned thick, 1 order to dsungush them fiom the
others, without any regard whatever to the duection of the light.

It may also be observed, that, in geomdtneal diawmgs of hlil-
ings, machmery, &c. and more particalarly i elevatione, the <ha-
dows of the sarious parts we often wpresented, which when
Jjudicioudy done, not only embellishes such drawings muatly, but
contributes to theit clearness.  In plans of fortification, on the
contrary, this is seldom ar never attempted, because, m these, it
would produce quite a different effect.

»

Part of the remarks, which have just been made, upon shading
and colouring, &c. do not apply to our present plan, in which, for
instauce, no buildings either civil or military are 1cpresented. 1
tflought it best; however, to introduce them here, in order to com-
plete that part of my subject which relates to plan drawing; and
which could not,.in all cases, have been clearly explained, without
occasionally mixing it with the rules for the various constructions :
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although the woik would certainly have been more methodical, if
they could comenicutly have been separated.®

177. After you have <haded, and if you judge proper, coloured
your drawing in the manner ahove directed; write, as the title of
it, in largc letters, in any convenient place, the words PLAN OF A
RLGYLAR O 14GON IORTIFIED ACCORDING TO VAUBAN’S
TIRST SYSILOM.

178, Insert a finished scale any where near the bottom of your
margin : pen it; and wiite over it, Seale of 50 yards to an inch.

179. Fmish sow marain, in the usual manuer.,

REVARKS.

In your present constiuction, you must have observed, that
after the simple outline of your half octagon was drawn, by far
the greater part of the remaining lines, which were necessary for
completing the finished plan of ity were found by merely referring
to the profile or sections.  But the method of transferring dimen-
sions, fiom a section to a finished plan, is grounded upon such
vy simple principles, that when once thoroughly explained and
llustiated by examples, in so ample a manner as has been done
in our present plan, it could never be necessary to enter into any
detailed explanation of these principles a second time.

In lhike mamner, the rles for drawing the figures, resembling
distuited or disproportioned scctions and elevations, which generally

* Some of the above remarks on shading and colouring will also appear to
be a repetition of what was said upon the same subjects in the first volume,
"T'his was donce fur the comvenieney of those readers, who from their previous
education may find it unnocessary to provide themselves with a eopy of
that voleme. It may be observed, however, that the passages thus
tepeated do not occupy above a page at the utmost; and in other respects,
the two volumes arc independent of each other.
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sppear in finished plans of fortification, are in themselves excecd-
ingly simple ; so much so, that a person, who has once made him-
self master of them, aud exemphfied them by practice to a sufhaent
degree, can nuver be at a Joss as to the proper method of applyig
the same rules, m any new cases which may occur.

Morcover, in drawing the ramps, barbets, stancascs, N, which
must be mtroduccd m a fimshed plan, a conviderable part ot the
necessary dimensions may also be found by a simplc 1ctarence to
the protle o sections. The slope of a ramp, tor wstance, 1«
usually made equal, m 1te widest pait, 1o some adjornng slope,
such ay the intenor <lope of the rampart ot the body of the place,
ravelin, or other work, wheie 1t is supposed to b formed, and m
like mauner the slope of the revetment of a staircase ot commun-
cation 138 made equal, m 1ts widest pait, to the slope of <ome
adjomnng 1evetment.  The lugth of cach ramp and stancase 1
also wsually deternned so as to bear a certam proportion o the
height of the 1e<pective works, 1 which they are constructed , all
of which haghts are generally marked 1 the prmapal scctions of
the fortiess.* Conscquantly, to those who are acquanted wath thes

* The proportion, which the length of every ramp, mtroduced w om
present plan, bears to the height of the terreple of the work, m which it
18 constructed, has already bren cxplained. With respect to the vanous
staireases of commumcation, the length of each has becn made msuch pro-
portion to its haight, as to admit of steps about 3 foot broad, and 0 mches
high. For example, by referning to the second figure of vour scctions, you
will find that the reverse of the tenal 18 14 fect ngh above the level ot the
diteh ; whilst the gorge of the raveln is 22 feet bigh above the same Ievel,
and aceordingly, m the former work, the staircases were made 6 yards long,
in the Intler 10 yards; the length of cach staircase being greater than its
height, by about one third, winch proportion 15 exactly calculated for steps
of the above-mentioned size  The stancases of the covered way have been
made equal in length to those of the ravelin, because the height of the
counterscarp, 1n general, 18 nearly equal to that of the gorge revetment ot
the ravclns, as may also be seen by referring to your sections.
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details, it is scarcely necessary to state any thing further respecting
the construction of a ramp or staircase, than its length and breadth,
with the position of the top or bottom of it ; which particulars, it is
cvident, may be specified in a very few words.

As far as regards the simple outline, and the principal sections,
which form the groundwork and most important part of any system
of forufication | these may, m almost all cases, be amply explained
in a vary buef manner, as may be allowed by referring to Chapters
V, and VI, and Plates 1, and 2.

Upon the whole it follows, that to persons, who have the pre-
vious hnowledge above supposed; namely, who understand the
mcthod of tiansferring dimensions from a section, and who are
acquamted with the rules for the construction of barbets, ramps,
stancases, &e., and for properly representing the sloping extremi-
ties of worhs ; the construction of the finished plan of any system
of fortification may be eaplained, in a perfectly clear and intelli-
aible, and vet in a condise, manuer, without cntering into one
towth part of the detmled explanations, wluch have been intro-
duced m o present chapter.

The comnon authors on fortification always write in the brief
mannel, now alluded to. They give a sufficient number of expla-
natory plans and sections, it 1s true, but in laying down rules for the
construction of them, they state the principal dimensions only, and
they do not, in auy case, enter into detailed explanations of the
smaller parts of a fortress, nor do they ever attempt to illustrate
the minutiee of the Principles of Plan Drawing, as applied to the
delineation of military works.

In consequence of this mode of treating their subject, although
the writings of such authois may serve, either to add to the informa-
tion or refiesh the memory of those, who have previously studied
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fortification under proper masters ; they are by no means culeu-
lated to give any just or precise notions of the natwe of a lorufied
place, to such rcaders as bave no provious huowlid of the

subject.

In the rules, which have hitherto been given tor the vanous con-
structions, contamed m this book, a very diffaent svstem has hoen
adopted ; cveary pomt that was to be marhed, ¢vary e that was to
be drawn, aud every arc that was to be descnbed, having m all
cases becn distmetly and mdividually speciticd. This T necessa-
nly swellad out our constructions, Ne. 10 a vary unusual Lo el
but if it had not beun done, they would, hke those of forma
writers, have remamncd almost enturely unmtelhgible to 1caders m

general.

So much, however, ha< now been done tor the sabe of cleaincss,
that the same munute attention to details will not be necessny
future. If you have paid due attention to the foregomg paits of
this work, you must now be so far advanced, that vou ought to be
able to understand cvery thing that you may meet with m othes
books of Fortification ,* and to compichend with case anv plan,
secuon, or other diawing, relatine to that art, wlich may fall
in your way. And for the same reason, it 1t appeared uecessary,
in continuation of my prescut subject, to explain any other system
of fortification, different fiom that wlich has just been illustratd ,
I should think it quite sufficient, for your guidance, m diawing a

+® At least all the practical rales, which, if founded upon just prinaples,

. form by far the inost useful part of any wotk upon this subjpct.  As for the

geometrical theorems, algebraical formule, &c. winch many writers on

fortification bave introduced for the purpose of demonstrating their rules;

these cannot, of course, he understood without u much greater degree of

matbematical hnowledge, thau the first volume of this work pretends to
commuzucate.
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finished plan of it, to state the principal dimensions only, in a con-
cise manner, according to the practice commonly followed by
former witers,

Having made these remarks, in explanation of the peculiar
sistem,  which has been udopted in this book, we shall now
procced to another part of our subject.

CHAP. X1V.

ANCIENT AND MODERN TFORTITICATION COMPARED. —
THE NECESSITY OF FLANK DEFENCES EXPLAINED.—
ADVANTAGENS OF THE BASTIONARY SYSTEM OF YORTI-
PICATION.—REVARKRS ON THE REDAN SYSTEM.—TIIAT
THL GLACIS OF A FORTRESS OUGHT T0O BE DEI'ENDED
BY A PLUNGING, RATHER THAN BY A GRAZING FIRE.
-—OF TIHE COMMAND WIICH THE FLANRN OCGHT TO
HAVELE, OVER THE TEMALL, &¢. )

The fimshed plan of a regular octagon, which you have just
drawn, together with the sections, that you before constructed
according to scale, may serve to give you a complete notion of
the matwe of a modern fortress; particularly as all the minuter
paits, which appeared to requirc a more ample explanation, have
been fully treated of in detail.

I shall now explain the reasons, which have caused the above,
or some similar system, to be adopted in modern times, as the best
method of coustructing a 1cgular fortress.

This cannot be properly done, without going back to former
periods, when very different methods of fortification were in use,

. In ancient times, before the discovery of gunpowder, no bas-
tions were ever used. 'The inclosing walls of a fortress, in those
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days, consisted of curtains and towers, which generally weie erther
round or square. The shetch of the plan of AN AncrinT
FORTRESS was therefore as follows.

—{r——

The ramparts were narrow, and almost alwavy of masomy, bnlt
nearly perpendicular on both sides.  "Tur 10w Rrs were usually
higher than 11T (Ut RTAINS, and frequenthy, but not alwavs,mclosed
all round, vo as to be equally stiong towards the mtcrior of the place,
as towards the country. The parapets conssted of walls six o
seven feet high, but scldom morc than two fect thick, with small
embrasures or holes opcn at top tor the use of the archas or
others defending the walls.

The upper part of the wall o rampart, including the parapet,
constituted what was called THI BATTLCMENTS.

The section of the
curtain of an ancient
fortress may be repre-
sented by the annexed
figure; in which the
wall or rampart, the
parapet, and the em-
brasure, are distinctly
shown
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In addiuon to the siall cmbiasures above dusciibed, there were
venerallv holcs for the same use, cut somewhere thiough the lowa
part of the walls, and particulaily m those of the towas.  These
holes wae usually about two o1 thiee fect lugh, and seldom much
more than siv wmches wide on one side, but considerably wider on
the othar Thar spluy, which rescmbled that of an embrasure,
was mtended for 1 simmla puipose, moorder to enable the archers
to cqmmund 1+ safiacnt space of ground to the nsht and left
They wae not ant  a harzontal duecuon, but usually so as to
slope a hittle downw ards

The holes, thus prercad thicngh the bedy of a wall for the use of
the detendas, wac cdled ¢ai NN11< 0R TOOPROTES

Loopholcs, praced thiouzh 1 thick mass of msonny, wae of
cowse hnuted m then 1wz, nd thord must hase been pomts
outst I, puticaluly ncu the foot of the wally, whae the assail-
u ts could not be scen or amnoyed from y of them.  This disud-
vintize, howava, did not apply to the defences artaing fiom the
butlements It will 1cadily be undastood that archas posted
thare, bchind the thin parapets above desenbed, could casily dise
corcr oveny thwg that was passing e the ditch, and even at the very
bottom ol the walls, immednitcdy below them, and that they could
tihe amn thiongh than cmbriswes av any ¢nemy m that postior,
who nught be picparing to scale o1 othawase asswlt the fortress,
m the same manucr, that by looking out over the il of the upper
window of a common dwelliug house, you mav see and fire at any
pasons m the sticet bedow, who may be attempting to break open
your door.

Theie was anciber contiivance, used m anacnt times, for the
convamence of shooting papendiculaly downwards, and  for
thiowing hicavy stones, combustibles, &c¢. upon an ¢nemy standing
at the bottom of the walls with a vicw to assault them.

/This consisted m formmg vertical loopholes, through wiich the
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defenders might anuoy the assuilanty; and as the ohject of these
was to shoot downwards only, the soldiers who were posted there,
were protected by a patapet in front and on each flank.

This contrisance, which shall now be descibed, was called
A MACHICOOLY.

At the distance of two feet and a half apat from each othe, o
thereabouts, long stones called connrrs wae bu't mto the wall,
the ends of which projected about thied fect, or as much as might
be judued necessary, besond the outerde of at.

A stone floor, either arched or consisting of Tong flat stoncs, was
lud over these cotbels and supported by them, m which state they
exactly resembled a common halcony.

In the floor of this balcows, the vertical loopholce for shooting
downwaids were cut, and the wides and front of it were halt up
with a thin parapct v or seven feet high.

It will eadily be understond, that a man standwy behind this
covered balcony o1 machicooly could not he seen by the enemy's
troops from without ; aud yet that he would have it m Ius power
to anuoy them by very ¢ffectual means of destruction, as soon as
they approached the foot of the walls.

The machicooly was placed near the summit of the walls, and
more especially over gateways, to prevent an enemy from forcing
them.

From the common battlements of an ancient fortiess, above
descnbed, it was also possible for men to shoot perpendicularly
downwards, as was before ohse;vcd; but then, in s0 doing, it was
necessary for them to lean over the silly of the small embrasures,
in which they could not avoid exposing a great pait of thein body.

In the machicooly, on the contrary, a man is scarcely exposed
at all, for an enemy has no means of anuoying him, cxcept by fir*ng
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perpendicularly upwards, through a small hole, which it is almost
impossible to do with any effect.

In common balconies, there is only one stone used for each
corbel ; but in the machicoolies, which I have described, it was
usual to form the corbels of several courses of stones, which added
greatly to their strength.

For instance, in constructing a machicooly, which was intended
to project three feet beyond the general line of the wall, four
courses of stone might be used for each corbel @ the first or lowest
course to project nine inches ; the second course eighteen inches ;
the third course twenty-seven inches: the fourth course to com-
plete the thirty-«ix inches, ot the three feet, required.

In the annexed section of an
ancient wall, crowned by a ma-
chicouly, 1, ¢, 3, und 4, repre-

sent four courses of masonry,
projecting from the body of the
wall in such a manner as to form
the corbel. These are seen
m elevation, the section being
supposed to be taken through
the intermediate space between o

two corbels.

5, represents the course of
covering stones, or arch, forming
the floor of the machicooly,
through which the vertical loop-
hole is cut.

P, is the parapet which covers the machicooly in front.

A‘n'nd a, is a small interior parapet to prevent accidents, which
might arise from men stepping into the vertical loopholes.
y VOL. 1L v




274  ELEMENTARY FORTIFICATION. cHAP. \1v.

L o, is a crennel or common loophole, pierced through the body
of the wall, as before described.

By way of further illustration, the exterior elevation of an ancient
tower is added. in the center of the battlements a machicooly
with four cotbels is repiesented, on cach side of which is a com-
mon thin parapet with small embrasures for archers. Halfway
down is a row of crennels or loopholes.

After fite arms were invented, the ancient ramparts, whih
answered very well for aichers and even for musquetry, were found
much too narrow to admit of great guns being mounted and

manceuvred upoun them.

For this reason, it became necessary greatly to mercase the wadth
of the ramparts, which was doue, not by adding more masonry, but
with earth and rubbish, for the sake of economy. Hence arose the
modern terreplein or body of the rampait, with 1t interior slope.

Tt was also found, that the thin parapets of antiquity could make
no defence whatever against canuon shot.  Therefore then thick-
ness was increased to eight o1 ten feet of solid masonry.

*

Parapet- of this description 1esisted cannon shot for a certain
time, but after continued firing, they weie ruined by degrees, and
the fragments of <tone and bricks, knocked off in all directions by
the effect of the enemy’s batteries, were found exceedingly trosdle-
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some, and even destructive to the defenders, often doing more mis-
cluet thau the cannon balls themselves.,

Patapets of masomy were therefore entirely abandoned, and the
thiek carthen parapets of modern fortification adopted in thon
stead.

These offer by far the best protection agamst cannon shot: fos
im a mound of carth, the Lall will ¢:ther bury atself without dong
any nschief, onaf at glances oft aftar g@razing, no dangerous <phn-
ters are produced. Fathen puapets are hkewse not only the mont

difticult to 1, but the casest to 1cpan.

It s twtha to be obsersad, that m ancient times, height was
considared a prinapal entenon ot the strength of a fortiess: s
that 1t s commou to mect with ancient walls o towers, fiom fifty
10 seventy o1 eighty fect haeh 5 and some may be secn considerabh

hiclier, even than the Last-uamed duneasion.

After cammon were mvented, suchlngh walls as these were found
to be very prejudicial. Tor the besiegers nught estabhish then
Yreaching battaes at long ranges, that is to say, at about a thou-
sand yads from the fortiess. "The tiue of cannon, although sufli-
ciently powertul and destiuctine against any objeet, which it may
happen to stiihe, is versy uncertam at that distance.  Therctore
the besicger’s battenes beng low and small objects, and formed
with carthen parapets, could recene hintl+ o1 no mjuy from the tire
of the place: whereas the lugh extensive walls of the foitiess pre-
sented o large a mark, that they could not £l to be stiuck some-
where, by every shot that was fired agamst them. Conseguently,
after a few days tiving, the fortiess mehit he laid open and exposcd
o a general assanlt, with seacely any loss whatever being pre-
viously sustained by the besiegers.

F'or this 1eason, the high nahad walls of antiquity wete aban-
"ﬂ?ﬂ. and much deeper daches than were usual in ancient tinzes

12
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were introduced ; by means of which the walls of a modern for-
tress are, as it were, in a great measure buried below the surface of
the ground; and to secure them still further against the effect of
distant cannon shot, counterscarps and glacis, contrivances un-
known to the ancients, have been raiscd in order to screen the
uppes part of them . *

By these means, the rcvetments of a well-constiucted modern
fortiess, although still of such a respectable height, as to secwe
them against the risk of being casily taken by escalade, are <o com-
pletely covered: that no part of the masomy can even be seeu
from the country.

Consequently it is impossible for an enemy to cffect a practi
cable breach, in a place propetly fortified according to the modern
system, by distant batteries. He must necessunily establish s
breaching batteries, and bring up his guns, close to the crest of the
glacis, that is to say almost to the very biink of the ditch, hefore
they can see any part of the revetments. This involves him iu a
number of long and tedious operations, not to be effected without
great labour and loss; for in so doing, s troops are exposed to
a close fire both of cannon and musquetry, and may be annoyed
by mines and other offensive means, which are not to be feared
whilst they continue at a distance.

It is to be observed, that as far as regards the object of covering
the revetments only, a simple counterscarp and glacis would
answer equally well, or indeed Dbetter, without any covered way.

4 As there were ditches in ancient fortieases, the counterscarp, if taken
in onc sense mercly as the exterior side of the diteh, cannot, strictly
speaking, be said to have been unhnown. It was unknown, however, as »
cover to the walls, which ix its principal nee in modern fortification.
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The latter work has been introduced in modern forfification, prin-
eipally for the conveniency of making sorties. The troops intended
for that purpose may there be assembled to advantage, in any num-
ber that can be 1equired. From thence they may, by means of
the ramps, and by short ladders sometimes used for clearing the
palisades, <pecdily form upon the glacis, preparatory to an attack
upon the besiegers; and after the object of their sortie is accom-
phshcd, the covered way affords them a safe retreat, as also a
place of support, from whence they may in retiriug be protected by

reserves of nfantry.

If, ou the contrary, a fortress were constructed without any
covered way, there would be no means of retreat after a sortie,
except by the bridges and gates, where only a small number of men
can enter at once ; so that the others might be obliged to wait for
a considerable time, upon the glacis, completely exposed to the
«nemy’s fire, without any parapet or cover to protect them. Con-
~equently, in a place constructed in such a defective manner, the
troops employed in a sortie, if vigorously pressed, must be thrown
into the utmost disorder; so much so, that a pait of them might
be diven headlong into the ditch, whilst the remainder being
crowddd together n a state of hedpless confusion on the biidges
and gateways; a daring enemy might even have an opportunity of
taking the place, by entering pell-mell with the fugitives.

lndependent of the impoitant advantages, which it thus affords
to the defence of a fortress, by facilitating the operations of a
sortie, the covered way is also of use, as a post for musquetry,
from whence the enemy may be checked in his attempts to esta-
blish himself, near or upoun the glacis of the place besieged. DBut
more will be said upon this subject hereafter.  In the mean time,
we shall return to our investigation into the difference between
ancient and modcin fort.fication,

/"l'ho changes, which took place in the profile of fortresses, «ub-
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sequently to the invention of gunpowder, have aheady been

accounted for. The ditierence in the outline or plan remains to
be evplained.

It was befure stated, that from the thinness of the parapets of an
ancient fortress, the defenders might, by leaning over the sills of
their embrasures, sce every thing that was passing at the bottom of
the walls immediately below them, and mught take aim at any
cnemy in that position.

When the thickness of the parapet was increascd, this beeam
uo longer practicable, for it must be cvident, that a man standing
hehind a parapet from ten to cighteen feet thick, cannot possibly
sce any thing that is passmg at the foot of the rovetment imme-
diately below him, nor can he possibly fire at an cnemy 1w that
positioi.

In order to illustrate this remath by a fizure, draw the scction of
the rampart of a regular fortress.

This bemg done, produce the supenor Jdope of the parapet,
outwarids, Iy a dotted line, until it mects the level of the diteh.

Matk this point by the letter . Maik the interior crest of the
parapet by the letter a; the exterior crest of it by the letter by
the foot of the revetment by the letter d: and the extremity of the
. ditch by the letter c.

Fiom the crest of the parapct, a, drop a perpendicula, a f, meet-
ing the level of the ditch, produced backwards, in the point f; and
dot theee new lines.

e

)
~ A

el

PO Y B ¢

"Then the point, ¢, represents the nearest point of the bottom\of
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the ditch, which it is possible for a man, standing on the banquette
and firing over the parapet, to strike with a musquet ball ; and it
will be evident, ou inspecting the figure, that almost the whole of
the space, bed, 1s secure against musquet shot, and that particu-
larly nearly the foot of the scarp, d, therc is no danger whatever to
be: mcurred from that weapon.

Consequently, after the necessary alteration of the profile, occa-
sioned by the use of gunpowder, was introduced, if the outline or
plan of the modern fortiess had not been altered at the same time,
it would have had very little stiength.

The cuemy, after getting into the diteh, and advancing to the
foot of the walls, would have been peifectly secure from the fire of
the besiegers. He might therefore bave planted his ladders in
safety, and scaled the work with very little rish.

But although, from the banquette of the modern fortiess, vou
cannot fire against an enemy in the ditch cither near you or imme-
dately below you, vet the superior slope or dip of the parapet
permits you to fire upon an enemy placed below you on the level
of the ditch, at a certain distance fiom you. For instance, in
your present figure, you may fire upon an enemy, i any pait of the
ditch beyond the point, ¢, as far av ¢, or further, if the ditch were of |

weatcr eatent.

To reduce the thing to calculation, if we suppose the perpen-
dicular height, a f, of the crest of the parapet, a, above the level of
the ditch, to be thirnty-six feet, and that the parapet has a dip of one
sixth : then sin times thitty-six feet, or in other words seventy-two
yards, set off horizontally, fiom the puint f, outwards, upon the bot-
tomn of the ditch, will determine the point ¢; and if we suppose
f d, to be about ten yards, then by deducting this from seventy-two

g

}
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yards, a difference of sixty-two yards will remain for the length of
dc: that is to say, a soldier standing behind the parapet, may,
with a musquet ball, stiike a poiut, c, at the bottom of the ditch, not
less than sixty-two yards distant from the foot, d, of the revetment
immediately below him.  But as a map’s height raises him some
feet above the level of the ditch, an enemy would not be quite
sccure from musquet shot, until he got ten or twelve vards nearer
than the point ¢, that is to say, until he approached to within
about fifty yards of the foot of the revetment.

At a smaller distance than the above, you will neither be able to
see nor to fire at any object w the diteh, unless you were to quit the
banquette, and mcunt upon the top of your parapet: m which
case you would be as much exposed to musquetiv yourself, n
defending your fortress, as au enemy would be in assaulting it.

By iucreasing the dip of the parapet, it is true, that from a para-
pet thirty-six feet high yvou might be able to fire at a person in
the ditch below, at a smaller distance than fifty yards; but this
advantage carries a great inconvenience along with it, which coun-
“terbalances it.  For the more the dip is incicased, the weaker will
the crest of the parapet become.

To explain this remark : if we suppose the dip of our parapet
10 be incieased from one sixth to one third, the height of it remain-
mg the same : then the distance, f ¢, will be three timey thirty-six
feet or thirty-six yards, instead of seventy-two: and deducting
ten yards for fd, as before, twenty-six yards only will remain
for the length of d ¢ : that is to say, a man fiom the parapet may,
with a musquet ball, strike any point, c, at the bottom of the ditch,
not less than twenty-six yards distant from the foot of the revet-
ments ; but for a reason before stated, an enemy would not be quite
safe in the ditch, until he got to a less distance than the above ; for
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mstance, to within about twenty yards from the foot of the revet-
ments,

Thus, by increasing the dip of our supposed parapet from one
sixth to one third, it appears that it will have a much greater com-
mand of fire over the ditch below, which certainly would be of
essential advantage ; but unfortunately the upper part of a parapet
would, by such a construction, become too thin to protect the
defenders against an enemy’s artillery : and it has therefore, as a
gﬂ.u-ml rule, been judged advisable, in parapets exposed to cannon
shot, not to allow a dip of much more than one sixth of their
thickness.® ,

Since then, generally speaking, no part of the foot of the revet-
ments or of the ditches of a modern fortress can possibly be defended
by its own immediate parapet, but requires to be protected by the
fire of some other part of the parapets not less, on an average,
than fifty vards distant from it: hence arose the necessity of dis-
posing the outline of the body of the place in such a manner, that
every part of the foot of the revetments and every part of the ditches
n general, could be seen and protected by the fire of some more
distant part of the ramparts.  And it was found, that this advan-
tage could not be gained in any way, but by adopting the
form of bastions and curtains, for the main inclosure of the
fortress.

* The dip of the parapet, however small, always weakens the crest of it
in some degree.  For this reason, the French writers on fortification in
general allow very little.  Cormontaigne, for instance, gives his parapet &
dip of one ninth only, although it is supposed to be 42 feet 10 inches bigh,
above the level of the main ditch. Consequently it is impossible, from
thence, to sce into any point of the ditch, nearer than 128 yards, mcasured
horizontally from the crest of the purapet: so that an encmy, in the ditch,
would be perfectly safe from discet musquet shot, any where within about
one*hundred yards from the foot of the 1evetments.
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Iu order to explain this re- / \\
mark, draw a front of forti-

fication with a ravelin; and
observe the figure attentively. \_

If an enemy should get into the man ditch before the cuitain,
and cluse to the foot of the revetment of 1t; from what has been
said before, 1t will be evident that he cannot possibly be anmoyed by
the fire of the curtain itself : but he would be completely eaposed
to that of the adjoining flanks.

If he attempted to scale either of the faces of the two demibas-
tions, he would also be eaposed to the fire of the opposite flanks,

In like manner, the faces of the demibastions, although meapable
of defending their own rcvetments, can bear upon a great put of
the ditches of the ravelin, and are consequently able to contribute
to the defence of that work, in case an enemy should attempt to
assault it.

In short, in modern fortification, no work or outwork can effec-
tually defend itself by its own fire, but must necessarily be defended
by the fire of some more distant or 1etired part of the same systun
of works; and generally speahing, any work or outworh, which is
defended by another, is said to be flanked by it ; hecause in almost
all cases, in regular fortification, the defending work will be found
to protect the other, against an enemy who may be preparing to
assault it, not by a duect fire, but by a fire in flank, or by what 1»
termed an enfilading fire, as was before explained.

For instance, in a regular foitress, THE FACLS OF A BASTIO?
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ARE SAID TO RE FLANKED by the flanks of the adjoining bas-
tions: and in like manner, A RAVELIN 1S SAID TO BE FLANKED
by the faces of the bastions in rear of it.

It may here be observed, that an enfilading fire is much more
destiuctive to a line of troops than a duect fire.

On account of the reasons, which were before stated, it has been
laid down as a rule in modern fortification, that every part of a
fortiess should be flanked by some other part of it; and it has
been shown that this advantage i obtained by laying out the
nclosing rampart in the form of bastions and curtains ; or in other
words, by adopting what has been called THE BASTIONARY
SYSTEM OF FORTIHICATION for the body of the place.

I shall nest eaplain, why no simpler figure or system than the
above will answer the object in view.

If the outline of a fortress were traced in the form of a con-
tinued curve, such as a circle or an ellipse ; or if its sides were
laid out like those of a geometrical polygon, without auy reenter-
ing angles; it would be gute impossible for a person, standing
behind any part of t' e parapets, to see into any parts of the main
ditch whatever : and conse jucntly the fortress would not be flanked
at all.  "I'Lis will be sufticiently evident, without any further illus-
tration by means of figures or vtherwise : and therefore there is no
instance of fortresses ever having been so constructed.

If, on the contrary, the main inclosure of the fortress were laid
out without any regular bastions, but in the form of a star, that is
to say, with salient and iccutering angles alternately, then cvery
face might be able to flank or defend a part of the adjoining face,
but not the whole of it.
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Draw a figure to 29N //'a
represent part of a \/ ) / —
fortress supposed to /

be constructed in the / a €
last-mentioned manner: and mark some of the angular points of
the body of the place by the letters, a, b, c, d, and e.

Before we proceed further, it is proper to remark, that whcu a
work 15 laid out in this manner, any two faces of it, which form a
salient angle, constitute what is called A REDAN.  For instance,
abc, in our present figure, is a redan: c d ¢, 15 also a redan, &c.

And when a fortress is constructed m the above form, it 1s said
to be fortified according to THE REDAN SYSTFM O1 10RIITI-
cATiON, by way of contradistinction from the bastionay system,
which has alieady been very fully explamed.

In the redan system, each fiont of fostification conwists of two
faces only, forming a reentering angle, such as, b ¢ d, for instance,
and therefore exactly resembles a simple tenail ; for which reason
this system has, by some authors, been also stiled Tnr TENANIL
SYSTEM OF FORTIFICATION.

The ddfects of the redan or tenail system shall now be stated.
Let the parapets of the body of the place of our present figure
be supposed to be thirty-six feet high, with a dip of vne siath : then
agreeably to our former calculation, they will not be able to defend,
by musquet shot, any part of the ditch, which iy less than fifty
yards distant from the foot of the revetments helow them.
" “'Therefore, if we suppose the two faces, b ¢, and ¢ d, of our
figure, to be cach only thirty yards lopg, then it will be evident,
that they are too near to each other for the purposcs "of mutual
defence ; and that neither of them will be able to flank or defend
the other properly. Consequently the whole of the recutering
angle formed by these two faces is undefended or unflanked.
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L
An angle of this kind, in fortification, which is not properly
flanked, 1s called A DEAD ANGLE.

And in like manner, any line or face, which is unflanked, is said
to be A peap Line. Cousequently, under the present suppo-
sition, the whole of the faces, b ¢ and c d, are dead lines, and the
angle, b ¢ d, as before mentioned, is a dead angle.

But if we suppose the faces, b ¢ and c d, to be each a hundred
vards long, then about one half of each face would be more than
fifty ymds distant from the other face which was to defend it.
Consequeutly about one half of each of the two faces would be
propeily flanked, but the remaining parts of them, towards the
reentering point, would foimn a dead angle.

Owmg to this imperfection, the redan system of fortification has
never been adopted mn practice, for the construction of any fortress
of importance, although some authors have written strongly in
tasour of it.* It is not uncommon, however, to see a few redans
occasionally used in the mclosure of a great fortress; but this has
seldom o1 never been done to any extent in modern times, except
in cases where the inegularity of the ground or other circumstances
have been unfavourable for the construction of bastions.+

1 shall here observe, that in the redan system of fortification, the
reentering angles are sometimes called the flanking angles. Thus

* Puticulatly Montalembert, who at the same time that he gives a
decided preference to the redan system above any other, recommends,
that all the reentering angles of a fortress so constructed should be right
angles; und therefore he adopts the tenm * Perpendicular Fortification™
as the title of lus book.

t As for instance, in the works constructed on the Western Heights at
DU\'"'.
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L]
for instance the angle, bcd, is A FLANKING ANGLE, because
those parts of the two faces forming it, which are uearest to the
angular point, flank the salients on each side of them.

For the same 1eason, the salient angles, in the redan system,
which derive their defence from the others, are also styled the
flanhcd angles. Thus, for instance, the angle, abe, is A 1LANKYD
ANGLE.

In a fortress built according to the redan system, 1t bemg quite
impossible, as has been shown, foi a very considerable part of the
ditches and 1cvetments to denve any defence whatever, either by
cannon or musquetrs, from the parapets of the body of the place;
the advocates of that systcm, in order to obtam the necessary
means of firing into the dead augles of then work, have therefore
been obliged to have secourse to casemates and gallenies, the nature
of which shall hereafter be descnibed.  In the mean tme we shall
proceed with our former subject.

It will now be cleuly understood, that none but the bastionary
system of fortification has the advantawe of affording a complete
flanking fire for every part of the mam ditch and 1evetments ot the
body of the place. 1t only remains to obseive, that if a fortiess,
traced according to this system, is constructed ou too small a
scale, the above important advantage, which ought to arise from
the regularity of the plan, may no longer be obtained.

For example ; draw a regu-
lar front of fortificathn, and \\
mark the two flanks by the let- a q
ters, a b, and cd. A
C

Then if we suppose the fortress to be constructed on such a
scale, that the cwitain, b ¢, is a hundred yards long, one half of it
may be flanked from a b, and the other half from ¢ d.
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But if the fortress were supposed to be constructed ou so small
a scale, that the length of the curtain, b c, were less than fifty yards :
then the two flanks, a b, and ¢ d, would be too near to cach other
to defend it properly, in any part whatever.

[om this consideration, the necessity of giving a certain length
— = - -

to the cwtaing of a regular fortress will be evident. As far as
wé;nnls the bastions, it might however, be supposed, that towers
like those of antiquity, if constructed in the bastionary form, instead
of being made square or round, and if placed at a sufficient dis-
tance fiom each other, would sufficiently answer the purposes of
defence 5 as they would offer no dead angles and no undefended
lines o faces; and on inspecting a simple outline, this would
appear to be the cace. But when the matter comes to be more
fullv considered, it will be found, that even in a tower of very
large dunensions, if you construct earthen parapets of a proper
thichness to resist cannon shot, there will be little or no room left
for mounting guns.  Conscquently the flank defences, to be
derived fiom auy kind of tower, are too trifling to be worthy of
notice 1 and for this reason, not only the form, but also the magni-
tude of the bastions used, became of importance, in modern for-

tification.

Upon the whole, it may now be understood, that the perfection
of the bastionary system of fortification does not merely consist
in its figme, or m the propoition which its several parts bear
to cach other. The actual dimensions of these parts, that is of
the faces, flanks, and curtains, aie also of importance. Ther
may admit of cousiderable variation, but at the same time there
are certain limits, beyond which they cannot be incieased or
diminished, without prejudice to the strength of the fortress.

It will also be_understoods. that when a_small work is to be
built o anv limited spot of growad, it Cwill e b 5t to construct it
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of any simple figure, suited to the nature of the ground ; without
attempting to give it regular flanks, which, on a very small scale,
will be of little or no use. ~ =~~~

Small inclosed works, constructed without any regular flanks,
are called redouts, the nature of which will afterwards be moie
particularly explained.

The covered way of a regular fortress is much more elevated
than the level of the bottom of the ditch: and therefore the fire of
musquetry from the parapets is able to see into any part of the
covered way, immediately in front of them, even at a much less
distance than fifty vards, which 1 before gave as the least average
distance, at which the ditches can be defended.

Draw the complete section of a fortified place, showing the
ramparts, ditch, covered way, aud glacis: and let the dip of the
parapet be such, that the superior slope when produced shall
meet the reverse of the covered way, in the point h.

Mark the crest of the parapet as before by the letter a : dot the
line, a b, which represents the path of a musquet shot supposed to
be fired from the parapet; aud produce this dotted line, until it
meets the level of the ditch, also produced outwards, at the point c.

a

On inspecting this new figure, it will be evident, that direct mus-
quet shot from the ramparts may defend the covered way to great
advantage, at or beyond any point, h, at a much less distance than
¢, which is supposed to be at least fifty or sixty yards from the foot
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of the revetment; and nearer than which, it is not possible to
strike any object at the bottom of the ditch.

From the same figure, it will also be evident, that although, in
the redan system of fortification, a great part of the ditches and
revetments cannot be defended by a fire of musquetry from the
ramparts ; yet the whole of the covered way and glacis of a place
so fortified may be effectually protected thereby.

In determining the profiles of a regular fortress, it has always
been cousidered desirable to bring the whole of the covered way
under the fire of the parapet immediately behind it, in the manner
shown in our present figure, which we shall suppose to represent
a section taken through the face of a bastion® It will be
observed that no part of the ditch whatever can, in this figure, be
seen fromn the ramparts by a direct fire of musquetry; and the
same remark applies to fortresses in general: for, as has been so
often stated, it would require a ditch to be more than fifty yards
wide, before any part of it could be so defended; but this is a
fauch greater width than is ever given to the main ditch, even of a
very large fortress.

Being deprived of the advantage of a direct fire from the ram-
parts immediately in rear of them, the ditches of a fortress must
therefore depend entirely upon the flanking fire, which is produced
by plavning the various works according to a judicious outline,
such ay that of the bastionary system. But the covered way and

* The French writers, in general, are satisfed if they can bring the foot
of the banquette of the covered way under the direct fire of the parapets,
This is the case in Cormontaigne’s profile, mentioned in a former note, in
which no part of the interior of the covered way behind that point is seen
into; but on account of a man’s height, which, of course, must always
be tuken into consideration; an enemy wonld not be secure against direcy
musquet shot in any part of it.

YoL. 11. F
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glacis of a fortress have the advantage of being defended both by a
direct and flauking fire, or in other words by a cross fire.

A cross FIRE of artillery is, in all cases, much more harassing
and formidable to troops than a direct fire, particularly if a part of
your guns can be so disposed as to enfilade au enemy’s line, whilst
the remainder of them bears upon him in front. In that case, a
cross fire will be more destructive than a simple enfilading fire.

For this reason, not only in the bastionary but also in the redan
svstem, it has always been considered an advautage, that the out-
line of each is 20 constructed, that a cross fire is obtained from the
1amparts, in every frount.

Having sufficiently treated of the ditches and covered way, the
defence of the glacis now only remains to be considered.

The glacis of a fortress may be defended from the parapets,
either by a grazing or by a plunging fire.

To explain these terms, draw a dotted line, a1, from the crest
of the parapet to the crest of the glacis, in your present figure,
and alter the slope of your glacis, i k, if necessary, until it agrees
with the above line produced.

a

This being done, ai, and ik, will form one continued right line,
so that a musquet ball from the parapet, ﬁ(ed with due accuracy
at any yoiut of the glacis, k, for instance, must graze or shave the
surface of the slope nearly. A shot so fired is therefore called a
grazing shot; and when the parapet and glacis of any work are
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thus disposed in regard to each other, the former is said to com-
mand or protect the latter by A GRAZING FIRE.

In a grazing fire the shot flies ncarly parallel to the suiface of
any wotk or piece of ground, against which it is directed. The
term plunging shot, on the conuary, implies that it strikes the

sutface at an angle.

‘Thus the hne, a 1k, may represent the path of a grazing shot fired
against the glacis, whilst the line, a h, will represent the path of a

plunging shot fired into the covered way.

When the slope of the glacis is directed upon the crest of the
parapet, in the manner represented in our present figure, a grazing
fire of musquetry only, but not of artillery, is obtained from the

ramparsts.

It was befoie explained, that cannon mounted on the terrepleins
of a fortress usually fire through embrasures cut for the purpose ;
but the muzzle of a gun so placed always stands nearly four feet
lower thau the crest of the parapet. For this reason, when a
grazing fire of artillery is desired for the defence of the glacis, the
slope of it should be directed, not exactly upon the crest of the
parapet, but so as to fall four or five feet lower.

Rub out the dotted lines in your section. Mark a point, n,
rather more than half way down the interior slope of your parapet,
to represent the height of the muzzle of a loaded cannon, ready to
fire through an embrasure, and pointed towards the glacis. From
this point, draw a dotted line to the crest of the glacis; and
alter the slope of the glacis so as to agree with the above line

produced.

v e
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From the crest of the parapet, a, draw also a dotted line, a &,
to the foot of the glacis.

In the present state of your figure, the 1ight Line, n k, represents
the path of u canuon ball, which if fired from the ramparts, with
duc accuracy, at any point ou the glacis, such as £, would graze the
-wbace nealy.

Aud the e, ak, represents the path of a musquet ball fired
tiom the parapet at the same point, &, which in consequence of
the alteration of the slope of the glacis, 18 no louges as before
a graang shot, but plunges in a small degree.*

Some authois on fortification have recommended strongly, that
the proféle of fortresses should always be proportioned in the mau-
ner represented in our present figure, or nearly so, in order to
obtain a grazing fire of artillery from the ramparts upon the glacis
and a great number of fortresses have actually been built in con-
formity with this system.

The above maxim, however, does not seem to have been
adopted with due cousideration.  On the contrary, it appears to
me radically bad m several respects. lu the first place, it renders
the covered way, as a woik of defeuce, ot little or no use to the
besicged. A soldier standing vn the bauquette of the covered way,

* It was mentioued in a former note, that the path of a shot, properly
speaking, is a curve, not a right line, as supposed m the text. Butin the
figures and remarks, intended to siustrate the simple principles, laid dowa
in this chapter, it was not thought worth while to notice the differenqge,
nhich at short ranges s verv tuifling,
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to fire against an enemy, has his head and shoulders elevated above
the crest of the glacis. Consequently the grazing shot from the
ramparts will every moment be liable to destroy your own troops,
who line the covered way; so that these troops, instead of being in
a state of activity, cooperating with the interior defences of the
fortress, would be forced to sit down, in order to secure themselyes
against the fire of their own fellow soldiers.

This reason alone, independent of others, points out that a
grazing fire ought to be rejected ; and that the ramparts of a for-
tress should command the glacis in front of them by A PLUNGING
FIRE, not only of musquetry, but also of artillery.

Alter the rampart of your figure, by raising it considerably
higher than 1t 1s at present ; leaving the covered way and glacis as
they are.

Mark a pomt, n, i your new figure, rather more than half way
down the interior slope, to represent, as before, the height of the
muzzle of a cannon supposed to be ready to fire thiough an
embrasure.

And draw the dotted lines, a k, from the ciest of the parapet,
and, n k, from the last marked pont, to the foot of the glacis.

/”J}\

/ -

’ N«i‘
L —

Then the line, n k, will represent the path of a cannon ball fired
from the ramparts against the foot of the glacis, which, as you
may observe by the figure, will pass a good deal higher than the
crest of the glacis; so that troops might man the covered way
without being injured by it.
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The line, a k, will represent the path of a musquet ball fired also
from the rampaurts against the same point, which in its flight passes
still higher than the former, and consequently at a greater distance
from the troops in the covered way.

It will now be understood, that when the parapets of a fortress
command the glacis by a sufficiently plunging fire, i the manner
represented m our present figure, the men in the covered way are
not exposed to any danger fiom those who man the works m rear of
them. A combined fire of artillery and musquetry from the ram-
parts, and of musquetrv from the covered way, may therefore,
without inconvenience, be hept up at the same time, against an
encmy posted at the foot of the glacis.

I shall mention another 1cason, which renders a grazing fire
improper for the defence of a fortress.  In a siege an enemy 15
always obliged to dig trenches and thiow up parapets, in order to
cover his toops againat the fire of the place attacked ; and these
operaticns, which are commenced at a distance, must be continued
even upon the glacis. A very moderate labour, however, renders
a trench securc against grazing shot, which merely sweep the sur-
face of the ground that is to be excavated. But when the works of
a fortress are so commanding, that the shot fired from them plunge
downwards at an angle, it necessarily requires the besiegers to form
much deeper trenches and higher parapets, for their own protec-
tion. This adds considerably to the difficultics of the siege, by
causing them to incur a greater loss of lives, labour, and time, than
wonld otherwise be necessary.

Having stated the objections to a grazing fire, it is to he
observed, that against troops drawn up in the open field, and not
protected by trenches of any kind, like a besieging army, it is suf-
ficientl: cfticacious; and therefore, although not to be recom-
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mended in permanent works, it may be used to great advantage in
field fortification,

I shall conclude by adding some further remarks on the flank
defences of the bastionary system, which could not couveniently
have been mtroduced before, without confusing the subject.

Whilst it was explained, in a former part of this chapter, that the
fire of the flanks can see into and defend every part of the main
ditch of a regular front of fortification, it was stated that the faces
of the demibastions, which are directed so as to flank the ravelin,
can only bear upon a great part, but not the whole, of the ditch
of that work. The reason is, that the inward extremity of each
face of the ravelin is less than fifty yards distant, from the foot of
the revetment of that part of the bastion, which ought to defend
it : but at less than the above distance, it has been shown, that no
part of the ramparts can fire upon troops in the ditch. To bring
the matter to a rough calculation, it may be assumed, that even in
the largest fortress, the inward cxtremity of the ravelin 1s seldom
more than forty yards distant from the revetments of the body of
the place; which distance, being deducted fiom fifty, leaves a
difference of ten yards. This therefore, in fortresses in general,
may be considered as the least average extent that can be allowed
for that part of each face of the ravelin, which becomes a dead
line, and of which the ditch is not seen into by the fire of the bady
of the place.*

It is next to be observed, that the whole of the main ditch, even
mn the bastionary system of fortification, is not completely flanked,

* In the above calculation, I have supposed the ditches of the 1uvelins to
be on the same level with the main ditch, which is usually the case. If
they were on different levels, it would produce a difference in the extient of
the dead part of the face of the ravelin, which would become more aor les
than ten yards accordingly.
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excepting in such fronts as have no tenail. That work necessarily
prevents the fire of the flanks from :;I;I; into the central part of
the main ditch, which is immediately in front of it, and in rear of
the ravelin. An enemy, who had penetrated into the main ditch,
might therefore make his preparations for assaulting the tenail,
without beiug exposed to the fire of any part of the rampaits
whatever. But this has been considered a very trifling disadvan-
tage, because after tahing possession of the tenail, he would find
it exceedingly difficult to maintain himself there, under the fire of
the body of the place; and he would next have to attack the cur-
tain, the revetments of which, together with the narrow ditch in
front of it, are completely flanked. In short, by so acting, he
would direct his attack upon the strongest part of the main inclo-
sure; and involve himself in much greater difficulties than by
attemptiug the bastions. To explain this remark at large would
requite a full consideration of the art of conducting sieges, which,
although intimately connected with elemeutary fortification, is best
treated as a distinct subject. It may thercfore suffice to say, that
repeated experience has fully proved, that a besicging army
attacking the main inclosure of a fortress, ought, in preference, to
direct their operations agamst the bastions, not against the teuails
and curtain. This being the case, the only thiug essentially neces-
sary in the coustruction of a tenail, is to make it so low, that the
flanks shall be able to fire over it into that part of the main ditch,
which is in front of the bastions; because that is the only part,
whete it is convenient for a besieging armv to effect their passage,
in assaulting the body of the place.

To explain this observation more fully, draw a front of fortifica-
tion with a simple tenail. Mark the right flank by the letters, ab;
the opposite or left face by the letters, ¢ d; and the reentering angle
or center of the tenail by the letter, e : and dot the unmarked parts
of the line of defence, a d.



COMMAND OF THE FLANKS. 7

Laetly, from the point, g, on the line, a d, set off a distance, af,
squal to three times, a e.

v

\

d s
~ (Y
e

Theu if we suppose, as before, that the parapet of the body of
the place is thirty-six feet higher than the bottom of the main
ditch, but that the tenail is only eighteen feet high above the same
level ; 1t follows that the body of the place will have a command
of eighteen feet over the tenail. Consequently a shot fired towards
d, from the point, a, of the flank, a b, at such an angle down~
wards, as just to clear the parapet of the tenail, will drop or sink
eighteen feet nearly in the distance, ae : and at double that distance
it will of course diop about eighteen feet more, which will bring it
down to the level of the bottom of the ditch.

But fiom the construction of a regular front of fortification, the
distance, a c, is rather more than double of a e. And therefore, a
musquet shot, fired from the inward extremity of the flank, a b, so
as to clear the parapet of the tenail, may strike the bottom of the
main ditch, near the point, ¢, at the shoulder of the opposite bas-
tion; so that the whole of the ditch of the face, c d, of that bastion
may be seen into by the fire of the flank, a b.

But if we suppose the parapet of the tenail to be raised to the
height of twenty-four feet, above the level of the ditch; then the
body of the place would only have a commaud of twelve feet over
it. Consequently a shot fired from the flank at a, so as to clear
the parapet of the tenail, would only drop about twelve feet in the
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distance, a e ; and therefore it would have to fly three times the dis-
tance, ac, that is as far as the point, f, before it could drop so low
as to meet the level of the ditch.

It therefore follows, under our present supposition, that the point,
a, of the flank, a b, instead of commanding the whole of the ditch of
the face of the opposite bastion, as before, would ouly be able to
see into a very small part of it, f d, near the sahent angle.

Those parts of the flank, which are nearest to the augle of the
shoulder, are less impeded in their fire by the tenail, than other
parts of it. For instance, take a new point, h, nearer to the angle
of the shoulder; and from thence draw a dotted line, hl, towards
the salient angle of the opposite bastion, intersecting the tenul
the point, i. Upon this line, set off the distauce, h k, equal to twice
h i, and, hl, equal to three times, h 1.

]
T

"Then to return to our first supposition, namely, that the body
of the place has a command of eighteen feet over the tenail ; a shot
fired from h, towards the salient angle of the opposite bastion, so as
to clear the parapet of the tenail, will be able to strike the level of
the ditch nearly at the point, k, that is to say, at about twice the
distance, h1.  This is much nearer than c, which, as before stated,
is the nearest point that it is possible to strike, on the level of the
ditch, by a shot fired from a.*

® In a finished plan, the points, a, and h, ought to be taken upon the
interior (not on the exterior) crest of the parapet.
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But i, according to our second supposition, the body of the
place has a command of twelve fect ouly over the tenail ; then a
shot fired from h, so as to clear the parapet of the tenail, may strike
the bottom of the ditch near the point, ], that is to say at about three
times the distance, hi. This again is much nearer than f, which, as
before stated, is the nearest point of the ditch, that it would be pos-
sible to strike by a shot fired from a, under the same supposition.

I shall here remarh, that in the bastionary system of fortification,
as well as n the redan system, the term flanked angle is often used
to denote a salient angle.  Thus, for instance, the salient angle of
a bastion 1~ often called TH1 ILANKED ANGLE OF A BASTION.

The tam flanking angle 15 also used 1n the bastionary system.
[t applics, however, not to any angle, which actually appears in
the outhine of the fortress, but to those imaginary angles, which
ae formed in each front, by the mecting of the flanks, and of the
lines of detence; o in other words by the meeting of the flanks,
and of the faces produced.  Thus in our present figure, for
mstance, the angle, bad, which 15 fomed by the meeting of the
flank, b a, and the line of defence, a d, is one of THE FLANKING
ANGILS OT A RFGUIAR TRONT OF FORTIFICATION, thereby
represented

T'o return to our former subject, namely the consideration of the
command of the flanks; it is to be observed that in those parts of
a fortress, which have principal gateways and bridges of communi-
cation towads the country; their fire, I mean the fire of the
flanks, will always he more or less obstructed by the bridge, in
proportion to its height. -

Draw a new figure representing a

h . /N
front of fortification, with a bridge !
extending  perpendicularly from the - -

center of the curtain across the main ’ .
ditch,
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Now if, as before, we suppose the body of the place to be thirty-
six feet high, but the bridge to be only eighteen feet high, above
the level of the ditch; then a musquet ball, fired from either flank
80 as just to clear the bridge, will strike the ditch at about twice
the distance of the further side of the bridge; which, from the
construction of a regular front, will of course be at some point
pearly in front of the opposite angle of the shoulder, or rather a
litle beyond it. Consequently, under this supposition, the flanks
will be able to see into nearly the whole of that part of the main
ditch, which is in front of the bastions.

In most fortresses, the principal bridges are raised to the level ot
the original ground line, which is generally about half the height of
the parapet of the body of the place, or nearly so, in conformity
with the above supposition. The gateway in the curtain being of
course bodily elevated above this level, it follows that if the tenail
is raised to such a height as completely to cover the principal
gateway, it cannot be much lower than the body of the place
itself.®

For instance, suppose as above the body of the place to be
thirty-six feet high ; and the bridge, and consequently the pavement
of the gateway, to be half that height, that is eighteen feet high
above the level of the ditch. In a principal communication, the
height of the gate itself cannot be estimated at less than fifieen
feet more : to cover which would consequently require a tenail
thirty-three feet bigh, that is only three feet lower than the body of
the place. But, by a tenail elevated to such a height throughout,
the fire of the flanks would be so much obstructed as to be ren-
dered almost totally useless.

* If troops man the tenail, the fire of the flanks must necessarily be
directed higher than has been supposed in the text; aund a part of their
ecommand over the ditch will consequently be lost.
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It appears therefore best, entirely to give up the idea of screen-
ing the principal gateways of a fortress by tenails of the form
described in this book.* The utmost that can be expected from
them is to cover the lower part of the revetments of the curtain
and flanks, in such a manner, that it shall be impossiﬂle for an
enemy to effect a practicable breach in these parts of the body of
the place, until he has taken or destroyed the tenail. As far as
regards the bridges, the lower that they can be kept, without mate-
rial inconvenience to the communication, the better will it be for
the purposes of defence.

[ ]

) "'l‘he considerations, which have been discussed in this chapter,
ae of great impoitance in determining the reliefs of the various
parts of a fortress ; and will account for the difference, before
alluded to, which may be observed between the piofiles contained
in this book, and those that are to be found in other writers on
fortification.

REMARK.

By reflecting upon what was said in that part of our present
chapter, which treated of the comparison between ancient and
modern fortification, it will appear evident, that the prevailing
system of fortification amongst civilized nations, at any particular
period, must always depend upon the nature of the means of attack
then known, according to which it must be chiefly regulated.

® Tenails have somctimes been made of a different form, for instance
with long curtaius and flauks parallel and near to those of the body of the
place ; and when constructed in this manner, they obstruct the fire of the
flanks less than the common kind of tenail, supposing the height of each to
be equal. It will of course be understood, that although incapable of
covering a principal gateway, a tenail of very moderate height may be able
to protect posterns or sallyports ; these, in dry ditches, being usually placed
at the very foot of the scarp revetment, and, in wet ditches, as low as the
water will permit.
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Thus as the general use of gunpowder, in war, led in a short time
afterwards, to the adoption of the bastionary system, which forms
the grand criterion of modem fortification; if we could conceive,
at any future period, the use of cannon to be entirely lost amongst
mankind, then our present fortresses, although by far the best
under existing circumstances, would immediately lose their supe-
riority, and it would be necessary once more to retumn to the high
walls aud towers of antiquity, which under the above supposition
would be a great deal stronger, and preferable in every respect.

CHAP. XYV.

EARTHEN RAMPARTS, OR RAMPARTS WITHOUT REVET-
MENTS, DEMIREVETMENTS, AND FULL REVETMENTS,
EXPLAINED. — OBSERVATIONS ON THE OBSTACLES,
USUALLY EMPLOYED, TO STRENGTHEN EARTHEN

WORKS.

In marshy ground, or in situations, where water may be found
by digging a certain number of feet below the surface, fortresses
have sometimes been constructed with earthen ramparts only,
without revetments of any kind; in which case, their principal
defence against an assault consists in the wet ditches, which have
necessarily been formed to protect works of this description.

A mound of earth, even of the firmest kind, cannot for any
length of time stand perpendicularly like masonry ; and the higher
-t is raised, the less capable it will become of preserving this posi-
tion. Unless supported by some kind of retaining wall, or in
other words, unless it is reveted, it must therefore be formed with
slopes on every side, in order to enable it to maintain any perma-

nent figure.
Earth varies considerably in its quality, so that some kinds of it
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will stand with a much smaller slope than others,. Common earth
will stand at an angle of 45°; that is to say, at a slope whose base
13 equal to the height. Loose earth or sand requires the base of
the slope to be greater than the height.  Very stiff earth, in pro-
portion to its tenacity, will stand at a slope whose base is three
fourths or even one half of the height.

When the height is small, it may be remarked that the same kind
of earth will stand much steeper, than if the height were consider-
able. or mstance, supposing a rampart to be formed entirely with
carth, the nterior slope of the parapet might perhaps stand with 2
base of one half its height, whilst the scarp or exterior slope of the
rampait could not be considered secure with less than a base equal
to ats height, in consequence of the scarp being five or six times as
high as the parapet.

In ordar to avord imnmecessary repetitions of the words “ base”
and “ height,” 1t is usual to express a slope by two proportional
numbers, of which the first always applies to the base, and the
second to the height.

For instance a slope of 1 to 1, denotes a slope of 45°, or one
whose base is equal to its height.

A slope of 1 to 2, denotes one, whose base is one half of its
height.

A slope of 6 to 1, denotes one whose base is six times the
height.

A slope of 9 to 7, denotes one whose base is to its height in the
proportion of 9 to 7, &c. Xec.

Sometimes a slope may be described in a still more concise
manner, by using one number only, which may either be an integer
or a fraction, for the purpose of denoting it. The number men-
tioned always applies to the base of the slope; and denotes its
proportion to the height, which in this case is always supposed to
he represented by an unit.
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For instance, when a slope is simply said to be a slope of one
third, it implies one whose base is one third of the height.

A slope of two thirds, implies one whose base is two thirds of
the height.

A slope of six, denotes one whose base is 6 times the height.

A slope of twenty four, denotes one whose base is 24 times the
height, &c. &ec.

Taking into cousideration, that the rumparts of a fortress ought
to have about thirty feet perpendicular height at the least, one can-
not, even in favourable svil, depend upon so great a masy of earth
retaining its form for any length of time, unless the base of the
exterior slope is made equal to the height or nearly so. Expe-
rience has proved that such is the least average slope, which can
be allowed to earthen woiks in general, although exceptions may
of course occur in particular cases. But it is perfectly practicable
for men to run or scramble up an earthen slope of the above propor-
tion, particularly after it has been exposed to the effect of batte-
ries ; and hence follows the necessity, above stated, of sccuring
earthen works by wet ditches or other additional obstacles, without
which they, in themselves, could not be deemed tenable against
an assault.

We shall now proceed to exemplify, by proper figures, the sec-
tions of a fortress, supposed to be constructed with earthen ram-
parts only.

Draw a line for a ground line, upon which construct a 1ampart,
ditch, covered way, and glacis, in the usual manner in other
respects, but without any revetments or counterforts ; representing
the scarp and counterscarp by oblique lines, sloping in the pro-
portion of 1 to 1 nearly ; and drawing the former, that is to say
the scarp, in one continued right line, from the exterior crest of the
parapet to the bottom of the ditch, without any berm.
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Draw also a right line to represent the surface of the water, in
the wet ditch.

When there i« a wet ditch, it 1s usual to allow a berm on each
side, a hittle above the surface of the water, in order to prevent
the scarp and counterscarp from bemg injured or undermived by
1it.  Morcover, as the action of water is more destructive to earthen
worhs than the common effects of an and weather, it is also usual
to give to those slopes, which are under water, a greater base in
propoition to their height, than 1< allowed to the other slopes of the
foitress.

You will therefore alter your figure accordingly, representing a
berm on each <ide, a little above the surface of the water ; and in
drawing the new banks of your wet ditch, give the slope of each a
greater base in proportion to its height, than was allowed before.

N —

As earthen works have very little power in themselves of resisting
an assault, they are often strengthened, not only by wet ditches,
but also by other means, such as palisades, fraises, hedges, &c.

The nature of palisades has aheady been explained.

VOL. 1.
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FrA1sEs are strong pointed stakes, exactly resembling pali-
sades, with this ditference only, that they are fixed horizontelly or
nearly so, wlilst the palisade 1s planted vertically. It is usual to
give fraises a very small inclination downwards, in preference to
any other position.

QUICKSET HEDGES are also often used to increase the strength
of earthen works.

In order to represent all these expedients mn your present figure,
draw a fraise projecting from the scarp a little below the ground
lie, and pointing 1n a small degree downwards. On the fiont of
the berm of the scaip, draw a figuie to represent a quichsct hedge,
i rear of which draw a palisade. Draw also a palisade on the
covered way.

The section of A FORTRESS WITHOUT REVETMFNTS is now
complete. -

Sometimes there is a revetment, on each side, for the banks of
the wet ditch only. Then the place is suid to be constructed with
water revetments.

/ Draw small revetments, on each side, for the banks of your wet
ditch, placing the top of each on the same level with your berms.

P~
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‘The section of A TORTRESS WITH WATER RFVETMENTS I3
now complete.

Sometimes a rampart may be constiucted with demirevetments,
or halt revetments, which implics that the lower Lali"of the scarp
only 15 1eveted.

Rub out the lower part of your scarp, from the fiae down-
wards, 10 place of wlich diaw a revetment with a broad berm at
the top of it, und a counterfort. Make the counterfort lower than
usual and draw a hedge upon the berm in rear of the 1evetment.

Rub out the imaginary parts of your ground line, and draw a
dotted horizontal lne, backwaids, from the uest of the glacs,
meeting the scarp.

/\E —

The section of A RAMPART WITH DEMIREVETVMENTS is low
complete.

By nspectng this figure, you may observe, that the glacis
effectually covers the whole of the demirevctment, as also the
lower part of the earthen slope of the scarp, so that it would be
impossible for an enemy, to strike those parts of the rampart,
which are below the dotted line, by cannon shot fired from batteries
constructed any where beyond the glacis.

It will hikewise be evident, that all that part of the scarp, which
is below the dotted line, might be reveted, without exposing any
masonry to the fire of distant batteries ; and in that case the ram-
part would be much stronger than it is at present, for the higher a
revetment is, the more difficult 1t becomes to take it by escalade
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In scaling a woik, the ladders ought to be of such a strength, as
to support the greatest possible number of men, who can conveni-
ently stand or move upon them. If this precaution is neglected,
and the ladders are made so weak, that only two or three men can
ascend at the same time with safety, whilst the others must wait
below, till they reach the summit; these unsupported individuals
may easily be overpowered in case of resistance : or what is more
probable, in the ardour and confusion of the assault, the men
ordered for that duty will rush on, regardless of the weakness of
their ladders, the whole or the greater part of which will conse-
quently break down, and the enterprise will fail. *

But when revetments are thirty feet high and upwards, Iadders,
baving the requisite strength for a vigorous escalade, will ‘become
so very unwieldy, that if we take into cousideration the whole
process, first, of carrying them across the glacis, secondly, of
descending the counterscarp by means of them, and afterwaids of
planting them against the scarp revetment, and mounting upon the
parapets of the body of the place; it becomes ultogethe: a task of
such labour and difficulty, that unless the garrison of the place
attacked should be culpably and unaccountably negligent, a thing
which it is not fair to calculate upon in war, the success of such an
enterprise is next to impossible.

When the revetments of a fortress are very low, 10 or 12 feet
for instancc, then light manageable ladders, which may be carried
and planted with great ease, will be strong enough for the purposes
of escalade. Such places, therefore, particularly if they have no

® Of all scaling ladders of equal length, that can be used in axsaulting
a place, those which are made with a number of joints, each about five or
six feet long, under an idca of portability, are the worat and weukest. At
Jeast I can say, from experience, that the scahing ladders of this descnp-
tion, which form an article of store in the British service, are bad, and not
to be depended upon. Accidents huve frequently happened in using them
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eounterscarp, or a very low one, are liable to be taken by a general
assault, and, in consequence of the weakness of their profile, they
can uever be considered secure, without very powerful and vigilant
garrisons.

One of the first and most essential objects, to be attended to, in
planmng a fortress, is to render it secure against a surprise or sud-
den ‘aseault ; so that an enemy can have no hopes of taking it but
by the tedious, expenvine, and laborious process of a regular siege.
In places with diy ditches, this depends principally or entitely upon
the height of the revetments, both of the scarp and counterscarp.
Consequently, as far as the above object alone is concerned, the
scarp revetments of a fortress can scarcely be made too high:
and therefore, in cases where demirevetments have been used, it
has been dome solely from motives of economy, the lowest revet-
ments being mvariably the weakest.

It has been judged best, however, not to male the top of the
scarp revetment of a fortress higher than the level of the crest of
the glacis, ay represented by the dotted line in our present figure ;
because if raised above that level, a part of the masonry would be
liable to be injurcd by the fire of distant batteries.

In conformity with this rule, in the first figure of the sections
of a regular fortress, which you drew by scale, (See Chap. F1,
and Plate 2d.) the scarp revetment, exclusive of the cordon, is
made thirty-one feet high, above the level of the ditch. This
exactly agrees with the height of the crest of the glacis, which is
nine feet higher than the ground line, whilst the latter is twenty-
two feet above the level of the ditch, making thirty-one in all.

From hence, it may appear, that, geuerally speaking, if the
above rule is attended to, the scarp revetments of the main inclo-
sure of a fortress cannot be made much more than thirty feet high,
which in a commanding profile, such as those contained in this
book, will extend about two thirds of the height of the scarp
only; but in a less commanding profile, such as is more usually
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recommended, it may extend three fourths of the total height of
the scarp, or even more.*

The rule, which has just been stated, of reveting only a part,
not the whole of the scarp, has not always been followed in
modern forufication. A contrary practice prevailed, even after
the period, that the outline of the bastionary system had been
brought to counsiderable peifection.

When the whole of the scarp is reveted, a 1ampart is said to
have full revetments.

We shall proceed to excmplity this method, by drawing the
section of a rampart so coustiucted.

Draw part of a rampart, in the usual mauner, including the
nterior slope, the terreplein, the banquette, and the whole of the
parapet, excepting its exterior slope only.

From the extcrior crest of the parapet drop a perpendicular for
the total height of the scarp. Upon this perpendicular, as a
scarp line, construct a revetment, the top of which must not,
however, reach quite so high as the top of the perpendicular itself;
aud let the difference of height be about equal to the height of the
banquettc.

Draw also a counterfort to
your scarp revetment, in the
usual manuer.

¢ In Cormontaignc’s profile, the scarp revetment is 32 feet bigh, exclu-
sive of the cordon; the total height of the scarp from the level of the
ditch to the exterior crest of the parapet being 40 feet 6} inches nearly.
Other French writers, who are advocates for the grazing system of fire,
make their scarp revetments 32 feet high, in a scarp of 36 feet 6 inches.
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The top of the scarp revetment, in your fignre, agrees nearly
with the level of the bottom of the parapet. The short perpen-
dicular above 1t represents the front of the parapet, which, in this
construction, must also be 1eveted; but the wall, built for that
purpose, is usually made a little thinner than the top of the scarp
revetment.

Draw the back of the exterior revetment of your parapet, as
above described, parallel to the front of it; but not extending
quite so far to the rear, as the back of the scarp revetment.

This bemg done, draw the
projection of a coping, at the
top of THE TXTERIOR RE-
VETMENT OF THE PARAPLT;
and draw that of a cordon, at
the top of the scaip revetment.

Rub out superfluous lines in your revetments; complete your
section, by drawmg a ditch, covered way, and glacis, m the usual
manuer; and draw a dotted honzontal hine, fiom the crest of your
glacis backwards, meeting the scarp. .

The section of A TORTRESS WITH FULL REVETMEN1S, that
is to say, with the whole of the scaip reveted from top to bottom,
fs now complete.

A place, so constructed, by reason of the extraordinary height
of its walls, is very secure against a sudden assault; but it labours
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under a great disadvantage iu case of a sicge. The whole of that
part of the masonry of the scarp revetments, which is above the
dotted line or level of the glacis, is completely exposed to the fire
of distant batteries; and this, according to the usual profile
given to a rampart, would form on an average not less than one
third of the total height of the wall. The same objection, there-
fore, applies in some degree to this construction, which was urged,
in the foregoing chapter, against the high naked walls of antiquity.
The besiegers might, by a distant fire, completely ruin the upper
part of the full revetment, which in its fall would bring down
nearly the whole of the paapet along with it* Consequently,
although a practicable breach could not thereby be effected; yet
the principal defences of the fortress might be almost completely
disabled in a few days, so that an enemy might carry on the
ulterior operations of the sivge, comparatively speaking, with far
less difficulty and loss, than would necessarily be incurred in
attacking any other fortress of the same relief and outhine, but
with scarps only in part reveted.

&ield works are always constructed with earth, and most fre-
quently commanding situations, such as the summit of heights, X c.
are chosen for them. In such positions they can seldom be
secured by wet ditches; and therefore their principal strength
depends upon palisades, fraises, and other obstacles of a similar
nature. ne of these contrivances, called chevaux de frize, shall
be described here, being often employed, uot only in field fortifi-
cation, but also in permanent works.

¢ Vaubap, who built his fortresses with full revetments, generally gave
the rampart & command of about 14 feet 6 inches over the crest of the
glacis. Making some deduction for the dip of the parapet, there must
therefore have becn about 113 or 12 feet of masonry, completely exposed
by this coustruction. o,
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Chevaux de frize consist of strong pointed stakes, usually set up
at intervals of six or eight inches apart ; in such a manner as to
cross each other in the form of a St. Andrew’s cross, with the
upper or projecting points raised to the height of about five and a
half or six fect from the ground. As they are not usually driven
into the earth, they are let intv a stout beam of timber, by means
of tenons and moruses made for the puipose. This beam forms
the center of the cross, and keeps a considerable number of the
stakes together.  The latter are commonly called the spears,
Any one beam, with the spears attached to it, forms what is
called a stund of chevaux de fiize, which may be made of any
length that is judged most convcnient. The poinis of the spears
are gencrally shod with iron.

The section of A STAND OF
CHEVAUX DE FRIZE is as fol-
Jows, in which THL BEAM is
represented by the square in
the center of the figure. Tue
SPEARS are also represented.

To illustrate still more clearly the nature of this obstacle, the
oblique elevation of a stand of chevaux de frize is added.

ML

Chevaux de frize are not always made in the mauner represented
in the above figures. Sometimes a greater number of projecting
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spears are used, in which case

the beams aie not cut square but \/
bexagonally. The section of a < 'k
stand so constructed is as fol-

lows.

Chevaux de frize, when used in permanent works, are generally
placed on the berms of fortresses having earthen ramparts or
demirevetments.

A barrier, for the purpose of shutting up a road of communi-
cation, is sometimes formed by a stand of chevaux de fuze, m
which case, the stand 1s made to traverse o1 move round on a
pivot. The motion of A CHEVALX Dr FRIZL BARRIER is
facilitated by means of a wheel, o1 whetls, fixed erther to one or to
both ends of the beam, as to an axle tree, whichcier may be
judged most convenieut; aud the spears do not quite reach the
ground at bottom, in order to prevent them from impeding the
motion.

In strengthening woiks by chevaux de frize, the various
stands are sct up m the same allmement to the extent requued,
and the ends of the beams of the adjoimng stands are chained,
or otherwise firmly fixed together, by iron woik. To give greater
firmness, the ends of the lower spears may, if 1t 15 judged proper,
be let into the ground; for which purpose they should, m that
case, be made a little longer than the upper ones. *

® Portable chevaun de fiize were common in foriner times, and m the
British service they still form an article of store in the Enginect Depart-
ment of the Ordnance. The beams aud spears of these portable chevaux
de frize are made highter and ahorter than usual;; and they a10 stowed anay,
in & compact manner, in large cnaks, with the means of putting them
fogether, when required. *
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CIIAP. XVI,

OF THE GENERAL RULES AND PROPORTIONS, WHICH
OUGHT TO BE OBSLRVED, IN DETERMINING THE OUT-
LINE OF A BASTIONARY FRONT OF FORTIFICATION. —
EXPLANATORY TABLES AND REMARKS.

It was before stated, that the length, and other dimensions, of
the various parts of a bastionary front of fortification, are sus
ceptible of some variation; but that theic are certain limits,
beyond which any further increase or diminution of the magnitude
of any particular part would be prejudicial.

In determining the proportions of a regular front of fortifica
tion, the following objects are desirable.

Ist. That the curtain shall be of such a length, as to admit of
one half of it b(’:lg properly defended by the 1ight flank, and the
other half of it by the left flank, of the adjoining bastions.

2d. That the length of the lines of defence shall not exceed
the range of musquet shot, in order that an enemy assaulting any
part of the body of the place may be exposed to an enfilading fire,
not only of artillegy but also of musquetry from the flanks.

3d. It has been laid down as a rule in fortification, that whenever
the face of a work is intended to fire in any particular direction, it
should be constructed at right angles to the said direction, or
ncarly so. If this is not attended to, the line of fire both of can-
non and musquetry, acting from the work, will become oblique,
which is a great disadvantage; for guu batteries with oblique
embrasures are more troublesome to construct, and weaker than
othe;;T;; shall afterwards be explained : and as far as regards the
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service of musquetry, itis at all times very inconvenient for a line of
troops to fire obliquely ; and in the confusion attending a general
assault, particularly at night, they seldom can be made to present
otherwise than straight before them, so that the greatest part of
their fire on such occasions, if required in an oblique direction,
might be uselessly thrown away.

For this reason, when any work 13 intended to ﬂank _another, the
former should be laid out perpendlculall_y, or nea:l, so, to the
face, which it is to defend. But in applying this rule to the
bastionary system, as the flank has to protect not only the face, but
also the curtain, it evidently cannot be made perpendicular to both.
In the early periods of modern fortification, 1t was usual to make
the flanks at right angles to the curtain, in the manner represented
in front, No. 1 , of the annexed figure. Atterwards it was found,
that the defence of the faces of the bastions was of more in-
portance than that of the curtain, the former being most liable to
an assault, in case of a regular siege; and therefuie the flanks
were made perpendicular to the faces produced, or ncarly so, as
represented in fronts No. £, and 3, of the same figure.

When the flanking angle, cde, is a right angle, the opposite
face, ef, is said 1o be defended by a grazing fire.

In front No. }, on the contrary, the faces are defended by a
plunging fire, as is shown by the line, ik, supposed to denote the
path of a musquet ball fired from the point, i, in the flank, i b,
to protect the opposite face.

Front No. S shows Vauban’s method, which has been generally
approved, in which a line, ¢ h, drawn from the point of & bastion
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to the center of the opposite flank, is at right angles to it; so that
the flanking angle, e gh, is acute in a small degree. Hence the
fire of the flanks, in No. 3, iy more plunging than that of front
No.2. The advantage of this construction is, that flanks having
a moderately plunging fire will be able to see into any breaches,
that may be effected in the faces of the opposite bastions, in case
of a siege, rather better than if they acted with a grazing fire only.

In the imperfect coustruction of the bastionary outline, used in
the caily periods of the art, the lines of defence did not terminate
upon the extremities of the curtain, but upon some central point of
it, such as, a, in No. 1; so that a certain portion of the curtain, a b,
assisted in flanking the opposite face, in an oblique imperfect
manuer. For this reason, it was usually called THE AuxiLiIARY
FLANK.

4th. The faces and flanks of the bastions should be extensive,
s0 as to admit of a powerful comhined fire of cannon and mus-
quetry.

5th. The “mterior of the bastions should be spacious, in order
to allow sufficient room, for the movement of guns, carriages, and
troops, in various directions, without interfering with the ma-
neeuvres of the guns placed in battery upon the ramparts; as also
for the formation of traverses and splinter proofs, in convenient
situations, for a protection against the effect of the enemy’s
enfilading batteries and shells.  Spacious bastions are likewise
preferable in another respect, inasmuch as they may be more
advantageously defended by means of interior intrenchments to~
wards the gorge, than is practicable in smaller ones.

Gth. The salient angles of the bastions sheuld always be made
as obtuse as circumstances will permit.

The advantages of this construction will be cvident, on inspect«
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ing the anncxed figure, in which two bastions are represented,
whosc faces and flanks are exactly of the same length, but of
which the onc is very obtuse, and the other very acute.

In the acute bastion, A, it appers, that it is quite impossible to
place gun batteries nearer to the salient angle, ¢, than the points,
c,d, and thus a cousiderable portion, c e, aud d e, of cach face, is
rendered useless for the service of artillery. The width of the
gorge is also contracted to a most inconvenient degree, so that
there would not be a proper passage for troops, guns, &c.; and
the interior capacity of the bastion iy so small, that the men who
may be ordered to defend it, being crowded into a narrow space,
will oot only be cramped in all their movements, but will also
be exposed to much greater danger fiom an cnemy’s fire, particu-
larly of shells, than would be the case in a larger work.

In proportion to the acuteness of the salicat angle, it will also be
evident, that the masonry near the point of the bastion must be
weakened, and rendered the less capable of resisting the effect of
an enemy’s breaching batteries.

In the obtuse bastion, B, on the contrary, it will be seen, that
none of these disadvantages occur. Guns may be placed in any
part of the faces and flanks without inconvenience ; and there is no
want of space, for any useful purpose, in the interior or towards

the gorge.
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There is another very great disadvantage attending acute bas-
tions. They are by far the most liable to injury from an enemy’s
eunfilading batteries, in the event of a siege.

"This will be understood by examining the annexed figure, which
represents part of the outline of a fortress, consisting of five bas-
tions, whereof the first four are obtuse, but the fifth is acute.

- I»

/
ST e s 4

A aud B show the position of batteries, which may be supposed
to be cstablished, by a besieging army, for the purpose of enfilading
the faces of the acute bastion No. 5. C and D, in like manner,
represent batteries, established for the same purpose, against the
right face of the obtuse bastion No. 4, and against the left face of
the obtuse bastion No. ¢

Now if we suppose the wholc of the above batteries to be
placed at about 600 yards from the points of the bastions, against
which they are directed; it will be evident, by inspecting the
figure, that the batteiies, A and B, are exposed to a direct fire only,
whereas the batteries C, D, are cxposed not only to a direct fire,
but also to an enfilading and reverse fire, from the works of the
fortress, at a much shoiter distance.

Thus the enfilading batteries, erected by a besieging army
against acute bastions, may effect their object with little loss;
whereas batteries, established for the same purpose, against obtuse
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bastions, must necessarily be placed in more disadvantageous situ-
ations, where they may be exposed to a ciose fire of the most
destructive nature, acting upon them in front, in flank, and in
rear.

In some few cases, circumstances may admit of bastions being
constructed with such very obtuse salient angles, that an enemy’s
enfilading battcries, C, D, may not even be able to have a proper
direct view of the faces of the bastions, but must fire over some
intervening raveln, as 1s represented in the fisure.  Bastions of
this description can recene lhittle or no myury, from the «nfilading
fire of such batteries.

ki g
Trom the above considerations, 1t has been laid down as a rule,
that the salient angles of works in general should not be less than
60°; and as far as regards those of bastions i particular, 1t may be
allowed, that the more obtuse they are nade, the better will it be
for the purposes of defence, provided that no other essenual object

is sacrificed, in so doing.

REMARAK.

In fortficd polygons, whose exterior sides are of equal length,
the salient angles of the bastions are always more obtuse i pro-
pornon to the greater number of sides; and it has just been
explained, that this adds to the strength of a fortress. Conscquently
the front of a decagon is stronger than that of a pentagon, but
weaker than that of a dodecagon, supposing that all the thiee are
fortified according to the same system.

There is also another reason, which makes a large fortress
stronger than a small one, in proportion to its extent ; uamely, that
the former, when besieged, requires a greater degree of labour in
forming proper approaches, &c. against it, than the latter, as will
be easily understood, when you come to study the plan of attack
of 2 regnlar fortress.
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Having now stated the various objects, which are of importance,
in planning the outline of a hastionary front; it is proper to
remark, as a thing, which invariably holds good in fortification, that
any one achnowledged and indisputable advantage, if carried too
far, will always produce some inconveniency or evil, which will

counterbalauce it.

For example, n a foregoing chapter, it was explained, that in
ramparts of cqual height, a full revetment is much stronger against
a sudden assault than a pmtiﬁﬁmnir_@c}pwut; but then it was
also shown, that the lattes is infinitely more capable of resisting an
enemy's batteries, and, s having Jess wasoury, it is also east

expensive.

R
To appi\ the same general remark to our present subject, it will

>
Le cndvnt, that if’ the eaterior suk of a “fiont of fortific 18
- -

Jonger than usual, thc b.lstmus ma\ in <on~(-qm,m_e be made more

extensive and spic ious, which will <o far Te of advantage ; but by

such a construction, the lines of defcnee will also be lengthened
in the same propoition, so that an cnemy assaulting the bastions

might be out of range of musquet shot from the flauks, Hence a

very great evil would arise.

-—— »

Again, by shortening the pcrpcuduular of a front of fortifi-
cation, the salient angles of the bastions will be Fendered more
obtuse, which will be advantageous to the defeuce; but then the
diminution of the flanks, necessarily caused by this construction,

will have a contrary tendency.

Morcover, by diminishing the length of the faces of the bas-
tions, when the exterior side is of a given length, the flanks will
be increased, which is an advantage; but the lines of defence
will, at the same time, be lengthened, a thing which, as was
before explained, is by no means desirable.

YOL. II. v Y
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Thus by increasing the magnitude of any part of a frant of for-
tification of a given length, the dimensions of sonre other pmt of it
must necessaiily be diminished, and vice versa; and as there are
limits, beyoud which the dimensions of auy particular part cannot
be incicased or diminished without prejudice to the stremgth of the
fortress, it follows, that there must be a certain mediam length for
the various parts of the outhne of a bastionary fiont, which, upon
the whole, will be the most advantageous for the purposes of
defence.

Wﬁ have, however, varied i their opimon, as to the proper
medum length, and form, of the vanous pmts of the outhne : and

a number of different <ystems of fortification, before alluded to,

have accordingly been proposed.  Bylgt has_been vay generally

al‘owﬁd, that an exterior side_of about 58% yards, a perpendicular

. Ay S *

of about one sixth of the extenor side, and bastions whose faces are
A —— . * C——————. et

about two sevenths of the esterior side m length, form a well-
. . — e — .

proportioncd simple front; and these dimensions consutute what

has been called the fust system of Vaubun, the coustrucuon of

which has been illustrated in the 5th and 135th chapters of this
work.

The aboyg_propottions, however, strictly speaking, are _(1]}'
amtablc to hcxagons or polygons of a greater number of sides.
If used in the Construgtion of the pentagon or square, the salicns
angles would thereby:be rendered teo acute, und the gorges too
narrow. It has therefore been judgod best to give to the pentagon
a perpendicular of one scvupb, and to the squaro a peypendicular
of one cighth, of the exterion side.only. '

[ I A

In the annexed Table, marked No. |, the ﬁtst line gives the

i e

dimensions of the vaious parts of one fl' of Vauban'y first
system, as above cxplained; the remaining show thre varies
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tions, which would be produced in the above front, by diminishing
the length of the perpendicular, from one sixth to a smaller pro-
portion, without changing any of the other parts. The width of
the gorge is calculated, as it would appear in a simple outline,
and consequently a deduction must be made for the thickness of

the parapets of the opposite flauks, &c. in order to fiud its actual
width,

A second Table has also been annexed, to show the further
vanations, which would be produced n a fiont, whose extetior
side is of the same length, as al.)ove supposed, by altering not
ouly the proportion of the perpendicular, but also the length of the
faces of the bastion».*

I shall next notice some of the principal angles of a fqgigss,
introducing a few simple rules for finding them.

* The lengths of the flanks, curtains, and lines of defence, as well as the
totallength of the outhne of each fiont, given 1 the vanous tables, contained
in this chapter, have been found by geometrical construction, not by calcula-
tion; and therefure 11 will be understood. that I do not vouch for theiraccuracy
to any very great degree of meety. They are, bowever, correct enough for
any useful practical purpose. In Table 111, the various nambers are all
laid down according to calculation, and are consequently much more
minute, than is absolutely necessary. If a rough calculation only should be
required, time will therefore be saved, in uaing that Table, by rejecting as
many decimals as may appear convenient.

The Liearner is recommended to exemplify sume of the principal varia-
tivns contained in thq 1st, 2nd, and ith Tables of this chapter, practically;
drawiug by scale, firgt a front of furtification of the given length of exs %
rior side, &c. and aftgrwairds observiug the changes produced 1 his ﬁf)‘
by increasing or dithinishing the length of the perpeudicular or
This will be more ifisgructive than a meie reference to the Tables, which’
are chiefly calculated, 9. save trouble 1o those who are aheady masterghir
the general principles 4
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Rure L. To find the interior augle, or angle at the center, of
any regular polygon: Divide 360 degrees by the number of sides,
and the quotient will be the answer.

Thus in the decagon, 360° divided by 10, gives a result of 36
degrees, for the interior angle of that polygon.

Rere I To find the exterjor angle of any polygon: Deduct
the interior angle from 180 degrees, and the remainder will be the
answer,

Thus for instance, in the decagon, deduct 50° from 1807, and
144° will remain for the exterior angle of that polygon.

In fortified polygons of every description, when the perpen-
dicular is one siath of the exterior side, the dimuished gn"lc will
be 18° 26 4“: when the perpendicular 1s one sc\en:;l‘,-tllo
diminished angle will be 15° 56 433", when the perpendicular is
one eighth, the dimimshed angle will be 14° €' 10}". at one ninth,
it will be 12° 31° 43}”: aud at one tenth 1t will be 11° 18’ 36",

Reie HI. To find the salient angles of the bastions of any
fortitied polygon: Deduct twice the dimmished angle from the
exterior angle of the original polygon; and the remainder will be
the answer.

Thus in the decagon, if the perpendicular is onc sixth of the
exterior side, deduct twice 18° 26’ 4" from 141°, and the remam-
der, 107° 7' 52", will give the salient angles of the bastions.

But if the perpendicular of the above polygon had, for any
reason, been made only one eighth of the exterior side ; then
from 144 degrees, deduct twice 14° 2’ 103", and the remainder,
115° 55' 39", will give the salient anglas of the bastions of a
decagon thus fortified.

To save the trouble of calculation in common cases, 3 third
Table has been added, in which the radii, arcas, and angles, of
varions revular nolveons. are inserted.
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TABLE II1I.
Showmg the Radii, Areus, and Angles, of varwus regular Polygons.

.

ORIGINAL POLYGON. FORTIFIED POLYGON.
P o . .
Nature of the | S 3 mm.m._.. .m. 2 ] o £5
T 5 2. I*5% a s £ .wm §3
Polygon. £ 3 W.... g ) m - 5 5 ] £ e - .m
s E5%S £ a s £
BT LE | EE| | & k| A 4
F f £ge3 = & w5
|
Square . . . . {1:000) 07071 | 1°0009000 | 0002086115 | 90° 00' 00| 90°00' 00 § } |14° 2 10}"| 61°55 39",
-voﬂnnmeﬂ ..o Do. |08506 | 1°7204774| ‘0003351705 | 72 00 00 | 108 00 00 ] 15 566 43) 76 ¢ 33 |
Hexagon ... Do. |1-:0000 | 2-5980762( -0002066115 | 60 00 00 | 120 00 00 ) 18 26 4 83 7 .wu”.#
Heptagon . . | Do. |1'1523 | 3-6339124| -0007508083 | 51 25 43| 128 34 17 || Do. Do........| 91 42 ®
Octagon . . . .| Do. |1-3066 | 4:8284271( 0009976809 | 45 00 00 | 135 00 00 || Do. Do........| 988 17 52
Nonagon....| Do. |1-4619 | 6-1818242] 0012772364 | 40 00 00| 140 00 00 {| Do. {Do........| 103 17 52 \
Decagon. .. .| Do. |1:6180 | 76942088 -0015897125 | 36 00 00| 144 00 00 || Do. | Do. ..... ..} 107 7 52 [
Undecagon . .| Do. [1°7701 | 93636399 | -0010350495 | 33 43 38| 146 16 22 { Do. | Do. ..... ..| 100 24 14
Dodecagon . | Do. |[1'9318 | 111061524 | 0023132546 | 30 00 00| 150 00 00 {| Do. | Do. ceee..o 113 7 52
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Those columns of the third Table, which give the proportional
radius and area of the various polygons in decimal parts, wheu the
exterior side is equal to 1, will be useful in calculating the actual
radius and area of any polygon of a given exterior side, that is to
be fortified. The rules are as follow.

Rere IV. To find the radius of any polygon, whose side is
of a given length, by means of Table 1II. Multiply the given
side, by the proportional radius, markeg in the Table opposite to
the proper polygon, and the product will be the answer.

For example, supposing that a regular octagon of 384 vards
side is to be fortified: multiply 384 by 1-3006, the proportional
radius for that polvgon; and the product 501'7344, or 5013 yards
nearly, will be the requiied 1adius.

Ruee V. To find the area of any polygon, whose side is of
a given length, by means of Table I1I.

Meruop 1. Multiply the square of the side by the propor-
tional area, marked in the Table, opposite to the proper polygon,
and the product will be the answer, in supeificial measure, of the
same denomination. ' ) v

Thus, for example, in a regular octagon of 584 yards sde,
multiply 147,456, which is the squarc of 384, by 4:8284271, the
proportional area for that polygon, and the product 711,980'546
gives the area of your supposed octagon in superficial yards, which
may be reduced into aeres by dividing it by 4840,

MeTHOD 2. When it is proposed to find the area of a regular
polygon in acres at once. Reduce the given side into yards, if
necessary, and multiply the squave of it, by the number marked
opposlte to the givén polygon, in that column of the Table which
is entitled proporuonal area in acres, &c.” The product thereby
found will be the answer.
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Thus, for example, in a regular decagon of 1152 feet side;
divide first by 3, to reduce it into yards, and 384 will be the
quotient. Then multiply 147,456, the squaie of this number, by
*0009976089, and the product, 1471034, which is equal to rather
more thau 147y acres, will be the area of a regular octagon of
384 yards side, as required.

We shall next condider the variations that will be produced in a
front of fortification, constructed according to Vauban’s first
system, by altering the length of the exterior side, without
changing any of the other proportions.

Allowing the perpendicular to be 4th of the exterior side, and
the faces of the bastions to be §ths of the exterior side, according
to the above system ; then the proportions of the remaining parts
will be very neaily as follows.

The flunks about ith

The curtain . . .. $ths

The lines of defence }3ths of the exterior side.*

And the total length of the outline

of one frout rather ore than 1
L -u\*au'-kﬂ\%

Hence in a front of 200 yards, fortificd according to Vauban's
first system, the faces will be about 57 yn.rds; the flanks 28}

* By mcans of these proportions, the dimensions of the various parts of
any front of a given length of exterior »ide, fortified according to Van-
ban's first system, may be expeditiously found, to sueh a degree of correct-
ness, as will suffice for the purposes of rough calculation.

But if gieater aceuracy should be requied, the exact length of the various
parts may be ascertmned by the following rule.

Maltiply the length of thé given exterior side, in yards, 1st by 0286558,
to find the faces of the bastions; 2dly by 0:145136, to find the flanks;
$dly by 0:393575, to find the curtains; 4thly by 0734211, to find the lines
#f defence ; and lastly by 1'256706, to find the total leugth of the front.
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yards; the curtain about 80 yards; the line of defence about
146§ yards; and the total length of the outline of the front rather
more than 250 yards.

In so small a work the flanks could barely mount 4 guns, and the
faces about 8 guns, admitting the bastions to be rather obtuse ; but
if they are supposed to be acute, then the number of géiis, capable
of being mounted deauch proportion.
The curtain also will be rather too short to admit of its being
properly flanked in every part, if the rampart is of a bold
relief.

200 yards may therefore be considered the shortest regular
front, that ought to be admitted in fortification ; and that only in
Very small forts, such as square forts or pentagons, whose extent
is either limited by circumstances, or which are of secondary
importance.*

In larger fortresses, whose outline is formed of morc eatensive
polygons,‘such as hexagons, heptagons, and upwards, it is deshable
to make the exterior sides of the fronts in all cases at least 300
yards in length; but the nearer they approach to 584 the

better.t g ’~

Authors have divided fortification into three different styles,
which they term tl‘ mean, great, and little.

LiTTLE FORTIFICATION implies that the length of the exterior
side is about 320 yards, or less; =~ ! ~ * ' e

MEeaN rorTIFICATION implies that the exterior side is about
384 yards ; AR

® In Camberland Fort near Portsmouth, a very well-executed pentagonal
work, the principal front is 240 yards in length, the remaining fronts being
each 200 yards.

t The principal fronts of Portses Lines are each 360 yards in length,
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And GREAT FORTIFIcATION implies that the exterior side is
about 425 vards in length. Vaubawo, however, to whom the use
of these terms is ascribed, is said in peculiar cases to have con-
structed fronts of even 450 yards in length or upwards.

v

It wasm ine of defenee, du a plage fortified acco
ing to Vaub W*M&

consequently, in proportion as the Jength of a front so fortified
vaties from 500 to 400 yards, the line of defence will increase
from 220 to 293 vards.  Even at the former distance the common
musquet is ve1y uncertain in its effect; much more so at the latter.
As far as the flanking musquetry defences alone are concerned,
it would therefore certainly be desirable, to make the exterior side
of a regular front considerably shorter than 584 yards, if otheq
important considcrations did not oppose it. At all events, if'
must be achnowledged, that it is always proper to have the line of
defence as shoit as circumstances will permit; and therefore in’
fronts eaceeding 384 vards, it has been laid down as a rule, that
the length of the faces of the bastions should be increased from.
$ths to §d-of' tl_ne cxt'crior s\ide, or upwards* ; (

The following Tuble, marked No. ﬁ’, will show the changes
produced in long fronts of fortificatioh, by !jn}&e length of
the faces of the bastions ; the perpendicularWh all cases sbeing.
«upposed Jo be one sixth of the exterior side.

¢
L)

* The linc of defence of a front'of 384 yards, is nearly 282 jards in
length; aud the common infantry firclock is certainly by no means to be {
depended upon at such a distance, W all picces, or musquets of & superiog
quality, should therefore be hept in store in Wery fortress, to be issued, in
case of a siege, to the troops defending the body of the place. For th
service of the outworks and covered way, the common firelock mdy
suflice.
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TABLE IV.

Showing the Fariatwns produced in long Fronts of Fortification,
by increasing the ng!ﬁ” of the Faces of the Bastions con-

siderably bcyond thesr_usual Proportions. f
&-’m iw

[ ' © | e . '
£ 5 < ; g £ = !
. g i gl ¢ legk;
=3 ! %3 < g S =%
® < < £ = v 2 Moz T
2 | F = = I & I -
:} L4 = y ! = -
| - .
i Yards. i Y ards. Y ards Yards. | Yuards : Y oads
T 272 1560 | 207 ! 190 1
390 120 512 |- 1387 B9 4 481 1
130 H50 | W7 269 2 1717
L 58-0 1504 ' 2936 502-4
L 400 | 125 51° 1994 | 2848 a024
\ B B+ 457 1223 | 2950 , 1437
’ | 120 seo | 1561 | sewe  sr2r |
410 1.w €520 1305 289 5 508 5
[ BAE 1229 280 4 4933 |
l 2 ' .
f 517 148°8 209 9 w2
= 430 483 1320 200°5, S68-4;
423 1150 sy, W0 !
.Lm 622 | 1407 | 3010 251
b 430 £ ' 150 150 1210 3020 | 2180
160 § 400 . 1072 243 3 d07°2
* 1
150 197. ] 12e | @24 | ss23
b 440 < | 16O 110 1180 2935 240
170 3.7-7 1000 2352 oo i i
160 63 1243 3630 5360 |
450 170 w 8 108-0 2040 206 |
l 180 36 18 I 2860 5210 |
[} !

— e — —_— ...’. - - - - - ——
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, REMARK. .*0

w= 4} long fionts of 301} yards exterior side,

e 44 fronts of 37145 yvards exterigp side, or 2 will exactly suffice

=5 shott fionts of 352 vards oxt«-r*sidc,
o forufy one llqglhh mile 1o extent.  If therefore the circum-
ference of any city 1s given, vou n&v easllv find the nature of the
polyzon, which will be requned to fortify it, by muluplying the
given extent i nules, by any of the above numbers which you may

Judee convement.

For esample, supposing that the extent of any city or spot of
ground, which 1s proposed to be fortified, and of which you have
an accurate plan, proves by the scule to be two miles in circum-
faence 2 ¥ then if you multiply ¢ by the abole numbers, it will
appear that Y long fronts, 94 middling sked fronts, or 10 short
ones, will exactly swit wie given extent.  But as the fraction of a
front of fortfication cannot be usedeinn practice, %t follows that
in pluung }ﬂ*bllppus('d fuitress, you'must either adopt a long-

1 a short-sided decagon.

sided nonagon, !

Long fiont® of 400 yards and_upwards have generally been
usedy on those sides of a fortiess ouly, which are considered the
least Wable to an assault, as for instance on&he sea lipe b mari-
time foiiesses; gr on the bank of some la&v unfordable river.
When fortresses ae built with fronts of unequal lengths, they are
said to be wregular. The natwe of such *orl\s shall b@ymore

fully explained 1 2 futwe chapter. .
. L | ‘&
s e g — —
f v Y ‘.
* Iu measuiug the extent of a town or city fo above purpose, it will

of comae be understoad, that the outline chos®, which is to correspond

with the exterior sides of the fortilied polygon, must be traced at a suflicient

distance beyoud all the stieets, butldings, &¢. which it may be proposed to
) ’

pmresene. .
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Before we conclgge this part of our subject, it may be pioper
to observe, that th t.h s measured on the out
of any work, does uot give a just criterion for calculating thes
exact number of flanking gw that may be mounted thereon.
-
To explain this by
a figure, draw a work ‘ ST~
resembling a small / \L
bastion with part of a f

curtain on each side  __  __
of it.

'

This figure may represent either the scarp line of a demireveted
work of respoct.lble height, or the fopt of the exterion slope of the
scarp of a field work. Let us suppose that the flanks are only 6
yards or 18 feet in length.

Then, as J8 feet is quite sufficient for a one-gun battery, it
might at first sight be considered practicable to place one gun in
each flank, in such a position as to be able to @ank the adjoining
curtains with proper eﬂ'ec‘ This however will ot be the case, as
will appear, when we procecd to complete the pl:m of our sup-
posed work. -

In repr of the various lives of your present figure, and parallel
to_ghem, at the distance of about 4 yards, diaw a second set of
lines, to represent the exterior crest of the parapet.

At the distance of 6
yards more, also ‘Ret
off towards the rear,
draw 'ﬂlll‘d set of
parallé] les, in order
to show the interior
crest of the parapet; aud complete your plan by inserting the
necessary ridges and furows.
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This bemz done, draw
a one-gun battary m cach .

flank. I ] Q

- - \j

It now appcars evident, that although one gun may be placed in
each flank, 1t v quite mmposable, on account of their oblique
position, that aithar of these should act as flanking guns to protect
the adjomnng cwrtams Consequently, m calculating the quanuty
of propur flwhing dedances, to he ganed from any flank, a ceftain
deduction must m .1ll Cas(s b made, on account of the space that

15 lost by reason of the (xtenor slupt aud thickness of the garapet.

* X the angle ot the shoulder wore 1nobt angle, the space lost would be
aoxactly cquid 1o the hase of the oxtenor slopc and thickness of the parapet
added togethor - batat the above anzle i~ obtuse, which 1s almost always
the case, then the space Iost will e so much the less, 1 proportion to the
wmagnitade of the angle

-
¥

LND OF VOLUME 1L

LRRATU VM.

Page 240, Athioe 96 ]t line of the text  For ramps rcad barbets

J Innis, Printer,
Wells Street, Oxford Street, London,


















D0

VR R



