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INTRODUCTION.

Tue Proprietors of the Encyclopeedia Britannica having resolved on printing the article
¢ Su1p-BUILDING” a3 one of their separate Treatises, it may not be deemed superfluous to ap-
pend to it the following short explanatory introduction. The principal inducement to this
determination on the part of the Proprietors, is the great scarcity of works on Naval Archi-
tecture in the English language. It may fairly be objected, that a Treatise, written in con-
formity with the restrictions of space necessary to the articles of an Encyclopazdia, must be
inadequate to supply thisdesideratum, and must be deficient in professional detail. Although
this objection is to a certain extent admitted, it is doubtful whether -the increased utility
of a more voluminous work would have been commensurate with the additional cost, or
whether a Treatise which aims at the popular elucidation of general principles is not
likely‘ to be of more use, and more adapted to win attention, than a work of elaborate dis-
quisitions; a work, in fact, containing not only the principles of the science, but details
concerning the application of those principles, together with all the technical minutiz of
the art of ship-building, uninteresting to all but practical men.

The principal additions which might have been made would have consisted of examples
of the various calculations necessary to the scientific formation of the design of a ship, more
voluminous tables of dimensions of ships of all classes, and for all services, and correspond-
ing tables of scantlings of their various component parts.

With respect to an example of the method of making the whole of the calculations, it
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certainly would have appeared a most imposing mass of arithmetical labour, and might have
saved some little thought to an inattentive student. This Treatise will, however, have failed
very materially in the object for which it was written, if the description of the mauner of
performing these calculations should not be sufficient to enable an attentive student to com-
plete them without the aid of an example. Should an example be deemed indispensable,
one may be found at the close of Professor Inman’s notes to his translation of the Architectura
' Navalis Mercatoria of Chapman ; a work that should be in the library of every person
wishiné to study naval architecture. It certainly is requisite that the student should have
at least the preparation of elementary mathematical knowledge. Without this preliminary
acquirement, it would be impossible for him duly to comprehend the object or the nature of
the work on which he was employed, or to have any confidence in his results when they were
obtained. With comparatively elementary mathematical knowledge, he may not only un-
derstand the explanation of the manner of, and the reasons for, performix;g the calculations,
but also apply them to particular cases. It is perhaps necessary to state, that little more
than what may be considered elementary knowledge of mathematics will ‘be required in
reading the whole of the Treatise. In the mathematical investigations of the questions in-
volving the mutual dependencé of the water on the hull of the ship, and of the wind on the
sails, a knowledge of the simple problems which embrace the principles of the composition
and resolution of forces is necessary. But no person unacquainted with these principles
can be said to be competent to direct works of importance in any branch of mechanical art,
and therefore it cannot be too great an assumption to presuppose that persons wishing to
understand what naval architecture is, still more to become naval architects, are acquaint-
ed with them. Also, since naval officers cannot enter into the reasons for the be#utiful
manceuvres incidental to the practice of navigation, if unacquainted with these principles,
the same argument may be adopted to justify the supposition that they also are in pos-
session of such preliminary knowledge. Therefore, should they be induced to read that por-

" tion of the present Treatise in which these questions are involved, they will meet no diffi-
culty which attention will not overcome, and will find that the theory of seamanship is most
intimately connected with the theoretic studies of the naval architect.

With respect to dimensions of ships, a sufficient variety will be found in the following Trea-
tise, to serve as data in applying the reasonings and investigations that are contained in it
to practice. Again, with regard to the addition of schemes of scantlings, the object of that
portion of the work which is devoted to practical ship-building has rather been to strike
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out a new method of treating the subject, than to follow the usual routine of giving long
details of sc‘antling, sizes of fastenings, and minutiee of workmanship, which would have
little to recommend them beyond others that are already in print. The course adopted bas
been to establish a few leading principles as guides to the practical ship-builder, by which
to determine the nature of the strains and stresses to which a ship as a whole, and the va-
rious combinations of its structure as parts of that whole, are subjected. And the reason
for pursuing this plan has been the conviction, that it is of greater importance, in a prac-
tical point of view, to determine the nature of the stress, and how most advantage-
ously to place a Tastening, a tie, or an abutment, to oppose that stress, than to accamulate
tables of scantlings to those which are already to be found in print; at least the adoption
of this course is considered as being more likely to conduce to an economical acquisition
of strength. In fact, the tremendous power of the waves of a tempestuous sea, and the
dangerous, and often, in' despite of all precautions, fatal effects of a vessel’s grounding or
striking on a rock, must make it evident that in many cases it is not only utterly impossible
to estimate the limits of the strain which would have to be resisted, but impracticable to
accumulate an amount of strength sufficient to preserve the vessel from destruction.

In the generalizations of this part of the Treatise, the endeavour has been to point out
those portions of the structure that are capable of being adequately strengthened to resist the
usual strains to which they will be subjected ; also those parts in which strength may be most
advantageously accumulated as a reserve, and those other parts which it is necessary to
strengthen by support to be derived from these stronger portions of the structure. By this
means it is conceived that a ship of uniform strength or power of resistance to external
force, and to strains from excess of cargo, and from stress of weather, may be insured. It
is presumed that a ship of adequate strength against all but the unavoidable contingencies
already mentioned, can scarcely fail of being built, if any of the recognised schemes of scant-
lings be taken as the basis of the dimensions of her timbers, and the reasonings of the Trea-
tise be considered in their disposition, or in any modification of them.

The only guide in the English language for the details of the system of practical build-
ing which is pursued in the Government dock-yards, is * Fincham’s Outlines of Ship-
Building.” . Mr Fincham, now the master shipwright of Chatham dock-yard, was, almost
from the foundation of the late School of Naval Architecture until its abolition, the instructor
of the students in practical ship-building. He has had, therefore, in addition to his own pre-
vious knowledge acquired in a dock-yard, many years of that best of all experience, the
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experience acquired from teaching ; and the existence of his work renders the absence of
similar details in the present Treatise of comparatively little importance. It may however
be necessary to observe here, that much information in practical building which has not
been embodied in the letter-press of the following pages, will be obtained by referring to
the plates.

It will be observed, that in the pages of the following Treatise, whenever the details of
practical building incidentally involve the mention of modern deviations from ancient cus-
tomary combinations or methods of fitting, all discussion as to who were or who were not
the original proposers has been avoided. A contrary course would have been entering into
controversial discussions that would have been completely at variance with the intention
of the Treatise.

Although the portion o fthe article which has been devoted to the subject of laying off
ships on the mould-loft floor is that which is the most abridged, in consequence of want of
space, it is considered that enough of the principles are explained to render any particular
application of them, beyond the examples given in the text, a task of very little difficulty.
It will be seen that in several instances, although the methods of laying off certain
portions of the vessel are illustrated by the plates, the text which referred to these illus-
trations has been omitted, to bring the matter within the limits assigned. The laying off
was selected for abridgmeht, because, although there are no works in the English lan-
guage that treat either of the theory or the practice of naval architecture, on the plan
which has been attempted to be pursued in this Treatise, we possess several works upon
laying off. Of these the best are undoubtedly Stalkaart, Steel, and Fincham, Mr Fincham’s
having the advant'.age of being the most modern, and adapted to modern ideas and
improvements. .

It has not unfrequently been objected to works having for their object the diffusion of
information on naval improvement, that we, as Englishmen, should be cautious in pub-
lishing such knowledge, but should rather endeavour secretly to avail ourselves of it,
because an opposite course might tend to diminish the superiority of our navy, by increas-
ing the efficiency of that of our rivals. We do not believe that this conclusion is at all
correct, and we shall presently endeavour to establish the position we thus assume. But
even were it absolutely and incontrovertibly correct, it can only be applied to the question
of the improvement of naval architecture, by the advocates of a most selfish and narrow-
minded policy. A broad distinction should be drawn between the means ofpreservation
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and the means of destruction. The means of preserving human life should be considered
the commoh property of all mankind ; the means of destroying it, unless the national safety
should demand it, a secret neither to be divulged nor used. Every man who can in any
way add to the security with which the sea may be navigated, is as much bound to diffuse
such knowledge, as he would be to save a drowning man from the waters. Whether the
additional security be attained by the improvement of the chart, which is the guide to na-
vigation, or of the chronometer and sextant, which render that guide available, or finally
of the ship itself, the additional security is a boon to mankind, and the promulgator or the
inventor of the means by which it is attained is surely a benefactor to his species ; because,
in proportion as the means and aids of navigation are perfected, its dangers are diminished,
and in proportion as the knowledge of the methods for improving them is diffused, so is
the whole family of man benefited, and the natural state of society, which must he pre-
sumed to be a state of peace and good-will, ameliorated.

On the other hand, as far as the question of state-policy is involved, it should be remem-
bered, that although we may avoid the discussion of questions on the improvements of
naval architecture among ourselves, we cannot prevent other nations from discussing
them ; the necessary result of which would be, and we may almost say has been, because,
to a certain extent, this policy has been pursued in England, that they would progressively
improve, while we should be confined to the slow and uncertain developments of know-
ledge, which are the necessary consequences of being restricted within the bounds of an
ever-commencing, because an uncommunicated, or, at the best, an imperfectly communi-
cated experience. It may be said that we can profit by their advance; but is this assump-
tion correct? If foreign nations follow that more enlightened system of policy which
encourages the application of other and more abstract sciences to the investigation of the
phenomena of naval architecture, and are thus able to arrive at and to establish correct
conclusions, to be transmitted as sure bases for further researches, while we, on the con-
trary, remain ever restricted to that modicum of knowledge, or of experience, as it is
called, which is the result of a lifetime of error, how are those men to be formed who
would be capable of profiting by the advance made by the foreigner? Where are those
men who can even be fitted to comprehend in what it consists sufficiently to render it
available to our wants? Be this as it may, it is too notorious, that during our wars with
France and Spain, we have never yet been able to derive the advantage of any consider-

- able increase to our knowledge in the principles of designing ships, from the numerous
B
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fleets which have fallen into our hands, although it is equally notorious that their ships
were superior to our own. The excitement of emulation is deadened in the mere copyist,
and one of the chief incentives to improvement is lost in the servile office of imitation.

It may possibly be thought, that a very large proportion of space is appropriated in this
Treatise to the historical sketch of the progress of naval architecture. It was found however
impossible to avoid this; nor perhaps is it to be regretted, for it is a great point towards
the advance of any branch of knowledge, not only to uscertain the existing amount of that
knowledge, but also the various steps by which that amount has been obtained, and the rea-
sons why it was not sooner obtained. We are prone to wonder, when we look back from the
present comparative perfection of the various sciences, thr'ough long centuries of delusion
and of ignorance, to their rise, and trace the wearisome and feeble steps by which that
perfection has been attained ; and we are astonished that such apparently trifling impedi-
ments should have so long delayed their progress; but on reflection we shall find, that the
principal reason for the various delays, interruptions, and even retrogressions, which have,
to a greater or less degree, been attendant on the progress of the whole of them, was, that
in' many instances the apparent advances in the path of improvement were not based on
knowledge sufficiently profound. Thus, although in that most sublime and most perfect
of all sciences, astronomy, amazing discoveries had been made through the persevering ana-
lyses of such men as Hipparchus and Ptolemy among the ancients, and Copernicus, Tycho
Brahe, Kepler, and Galilet;, among the moderns; it was not until the discovery by New-
ton, of the laws of gravitation, that each fresh investigation led to an assured advance in
our knowledge of the universe. Again, in tracing the history of naval architecture, how
long was its progress delayed? And how vast must have been the loss of human life,
merely from the ignorance that existed among ship-builders, of that problem which drew
forth from Archimedes the joyful ejaculation, ¢ I have found it! I have found it ! up-
wards of two thousand years before Sir Anthony Deane first, in England, applied it to
ship-building? :

The science of naval architecture—for as a science it must now be treated, to en-.

able it to respond to the requirements of the present day—cannot be said to have been
even in its embryo until the discovery of the compass; for until then little more than boats
were adequate to the most extended wants of navigation. This discovery was made,
according to the received opinion, about the year 1800, though there appears to be good
reason to believe, that, the directing power of the magnet was imperfectly known, and par-
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tially applied to the purposes of navigation, for nearly a century previous to this date. Be
"that as it may, we have tolerably succinet histories of nautical adventure from that period
until the present; and the result of an investigation as to the diminution of sea-risk from
the time of Gioia to that of Drake, from thence to that of Anson, and again to the present
epoch, would be not merely a curious, but an instructive document, because it would serve
as a practical illustration of the advantages resulting from the improvement which has
gradually taken place, and because also we might fairly draw an induction from what has
been done with but very imperfect means, to what might have been done had those im-
provements been anticipated by centuries. And it is not unreasonable to presume that
many of them would have been so, had it chanced that the aid of a scientific system of in-
vestigation could have been as early applied to naval architecture as it has been to civil
architecture.

We may fairly say that there is no machine upon which more varied or more extended
knowledge may be advantageously bestowed than upon a large ship, to insure perfection in
its several requisites, as a machine for locomo'tion, for burthen, for war, for strength, and
for durability ; and we grieve to say that we know of none upon which so.little has been
considered necessary, at least in this country. It was at once admitted that Sir Chris-
topher Wren, who, Newton has said, was one of the greatest geometricians of the age in
which he lived, was alone equal to the task of rebuilding St Paul’s ; and both before and
since that time there has mot been a public building, nor even a mansion, erected, with-
out the aid of men of scientific education./\ A first-rate man-of-war is as a cathedral in its
immensity and in its expense, and a loaded Indiaman is even yet a more costly hazard :
add to this the inappreciable amount of human life with which each is freighted, and well
may greater skill, profounder.science, and higher intelligence, be each and all tasked to
insure the safety of the precious charge, which, unlike the earth-supported cathedral, is
almost a baseless fabric, and is therefore subjected to far more complicated and more vio-
lent trials than can be encountered by any structure on a firm and unyielding foundation.

The paval architect should prepare the ship ready for the hands of.those who are
to navigate her. It is the ship, with her masts and sails adapted. for her, and her stores
and their stowage arranged, which is required from him. That these objects may be all
achieved, and perfect in their kind, not only would the most profound theoretic knowledgé

be required, and that too in several sciences, but there must be a vast fund of sound prac-
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tical experience based on that theoretical knowledge. The naval architect should be not
only a mathematician and a chemist, but he must be a thorough practical mechanic.

A ship, whether destined for war or commerce, ought to be able to bear a certain de-
termined lading, and be sufficiently capacious to afford ample accommodations for her crew,
with all the contingencies involved in the consideration of their health and comfort./ She
must carry the cargo with ease to herself ; the artillery in a perfectly efficient state, whether
space for working the guns, or the height of those guns above the surface of the sea, be
considered. She must be so formed that she shall be able to make her passages with velocity
when the wind is favourable, and contend with it advantageously when it is unfavourable.
The ship must be capable of being worked with ease, rapidity, and certainty, however ad-
verse the circumstances may be under which the manceuvres are performed ; for it will some-
times happen, that the more unfavourable the circumstances are, the more imperative is this
necessity for success. She must have great stability, or the power of resisting inclination, and
of restoring herself to an upright position when inclined ; and this must be sd nicely gradu-
ated and adjusted, that the perfect safety of the vessel may be insured without any injurious
strain being brought upon the masts or rigging by an excess of this resisting power. She must
be able to sail over rough seas without any injury from the pitching or rolling motions which
will ensue, and without the hazards to the crew, to the vessel, or to the cargo, which would
result from a tendency to ship seas v'vhen thus situated. Her masts must be so proportioned
that they shall be sufficiently strong, taking into consideration the support they derive from
the rigging, to resist the strains to which they will be subjected, and that without being so
heavy as to diminish unnecessarily the stability of the ship, or require superfluous lading from
extra ballast. The masts must be lofty enough to spread an adequate surface of canvass to
furnish the ﬁropelling power, and, at the same time, be so placed and so proportioned to
each other, that this propelling power may be readily converted into a series of mutually
counteracting or co-operating forces to insure quickness of manceuvring. The hull must
be perfectly impervious to the water, otherwise the cargo or the stores will be subjected to
damage, and the ship to premature decay. All the various parts must be so put together that
the whole shall compose a structure of uniform and adequate strength, and this not only
when the vessel is new, but for so long as the materials of which she is constructed will en-
dure. She must be composed of such materials, and those materials must be so arranged,

that there shall be no injurious combination inciting premature decomposition or decay.




INTRODUCTION. xiil

One great inconvenience, arising from the absence of any thing like a systematical pur-
suit of the study of naval architecture in this country, is, that there is very little tradi-
tional knowledge as to the various attempts at improvement which have been made. This
may perhaps be best illustrated by an example. Could it have been possible that there should
have been an official receptacle for this traditional knowledge as early as the sixteenth cen-
tury, the improvements in shipping, resulting from the system of diagonal trussing, would
certainly not have been so long delayed ; for its advantages were evidently suspected even
at so early a period as that. But for an instance which may be traced more particularly,
and which more decidedly points out the advantage of records of experiments when i the
hands of persons competent to the task of judging of their importance, and of drawing in-
structiori from them, we may take an incident recorded in the historical portion of the
article. The Romans sheathed their ships with lead, secured on the bottom by copper
nails. In modern naval history, the Spaniards, according to Navarrete, first attempted this
in 1514. The first ships sheathed with metal in England were those fitted out in 1558 to
discover a north-east passage to China, or, as it was then called, Cathay, and placed under
the command of Sir Hugh Willoughby. This was the expedition in which Richard Chan-
celor was pilot-major, and which ended in the melancholy loss of Sir Hugh Willoughby,
and in establishing the fame of Richard Chancelor as the discoverer of Russia. Lead
sheathing was again tried in 1671 on the Pheenix, and between that date and 1690 twenty
ships were so sheathed. It was then discontinued; but in 1768 the Marlborough’s bot-
tom was covered with lead, which was removed after a two years’ t-ri_al. There is then
another long interval until 1833, when lead sheathilig was tried on the bottom of the Suc-
cess, in Portsmouth harbour. Now, had these various experiments been on record, with
the reasons of their failure, those causes of failure would not in all probability have been
repeated in each successive experiment, and certainly the lead on the bottom of the Suc-
cess would not have been secured with iron nails. It is not improbable also that, cen-
turies ago, some method would have been ascertained of advantageously applying that less
costly metal, lead, to the bottoms of hulks, and all stationary vessels, and thus many hun-
dreds of tons of copper would have been saved to_the nation, by a lesson first taught by
the copper nails in the sheathing of a Roman galley.

Before closing these few prefatory remarks, it may be useful to state concisely the cha-
racters of some of the principal works to which the student desirous of information on the

subject of the theory of ships, or of the art of ship-building, may address himself.
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The English works are few. The earliest English writer on the subject was Sir Walter
Raleigh, who left two discourses on nautical affairs, from which some interesting extracts
will be found in the following pages. The celebrated Samuel Pepys, who was secretary
o the Admiralty in the reigns of .Charles IL. and of James IL, is recorded to have writ-
ten a work entitléd Architectura Navalis; but the writer of this article has never been
able to learn further of it than its bare name, nor indeed even to authenticate the fact of
its publication. There appear to have been several works published in the early part of
the last century, by shipwrights and mariners, in which geometry, trigonometry, mensura-
tion, tables of squares and cubes, rules for extracting roots, gunnery, navigation, land and
sea surveying, nautical astronomy, and ship-building, are mixed together ¢ in most ad-
mired disorder;” but few of these are now to be met with, unless it be in the libraries of the
curious. Among those which are occasionally to be procured, that of the earliest date is
called the ¢ Ship-Builder’s Assistant, by William Sutherland, Shipwrigilt and Mariner.” It
contains minute details of the practice of building and rigging ships at that period, and
also one of the earliest glossaries in the language of the terms of naval art. The date of
publication is 1711. The Seaman’s Dictionary, by Sir Henry Manwayring, knight, was of
~ an earlier date than this, it having been published in 1670. There appear to have been three
editions of the Ship-Builder’s Assistant, therefore its fame must have been considerable.
The same author published anather somewhat similar work in 1717, under the title of the
« Mystery of Ship-Building Unveiled.” But neither of these books is at all to be compared
to the next in the series, “ A Treatise on Ship-Building and Navigation, by Mungo
Murray,” a working shipwright in the government employ. It contains short treatises of
geometry, trigonometry, mensuration of superficies and of solids, and logarithms, an ex-
planation of the method of laying off on the mould-loft floor, and several mechanical me-
thods of designing the bodies of ships: to these are added, treatises on land-surveying,
geography, and navigation; and an appendix, containing an abridgment of the French
works on naval architecture, by Du Hamel de Monceau, and by Bouguer. Mungo
Murray was most undoubtedly a man of thought and ability, and his acquirements were
very far superior to his station. Had he been advanced in the service, it is more than
probable that his country would have had ample reason to be grateful to him for the be-
nefits which he would then have bad the power, as he certainly had the ability, to ren-
der her. His book is one of those which our great-grandfathers apparently deiighted in;
but after a lapse of nearly a century, though interesting, it is not a book to recommend
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to the modern student, excepting for the translations, in the default of a knowledge of the
French language. .

Stalkaart’s work on laying off has been already sﬁtﬁciently noticed, it being now sup-
planted by that of Fincham at a much more moderate price.

A Treatise on Naval Architecture, by William Hutchinson, mariner and dock-master
at Liverpool, 1794, is the work of a very shrewd and observing man. It may be taken as a
very fair sample of the degree of knowledge which may be attained by such a class of men,
resulting from their long experience as seamen, but which is almost always hampered by their
adoption of some particular views or dogmas, in order to strengthen which they are liable to
pervert all their reasonings. As long as the works of such men are studied for the facts
which may be recorded in them, they are valuable, because generally only such facts as
are worthy of notice are recorded. It is a book which may be read with interest by the
naval architect. It treats also of practical navigation, and on the defence and attack of
ships. William Hutchinson was an old privateer’s man and merchant mariner.

The Elements and Practice of Naval Architecture, by David Steel. This is a compila-
tion by a bookseller; but it has been made with considerable ability, and he has em-
bodied in the work a great deal of useful practical information on ship-building, and a
very good treatise on laying-off ships on the mould-loft floor. The tables of dimensions
and scantlings are by far the most voluminous in the' language. There is also a large
folio of plates, consisting of drawings of ships of all the classes in the royal and mercantile
pavies at the date of publication, that is, in 1805. There are several other smaller works
compiled by or written for Steel. The Shipwright’s Vade Mecum may be called an abridg-
ment of this larger work, which is in the quarto form. He also published a valuable work,
in two quarto volumes, on Rigging and Seamanship. In 1805, a Prospectus of an in-
tended work on Naval Architecture, in all its branches and ramifications, was published
by Alexander Mackonochie, Esq. of Baypoor, near Calicut, on the coast. of Malabar; and
bad the work itself appeared, if we may judge by the talent and research apparent in the
‘Prospectus, it would probably have left nothing further to be desired, but would have
equalled, if not excelled, any work on naval architecture that has yet been written, not
only in England, but in Europe. The Prospectus, which consists of about fifty closely
printed quarto pages, is of itself an admirable essay on the various subjects for inquiry
which suggest themselves as being involved in the theory of ships, and the practice of ship-

* building, interpreting these two branches of naval architecture in their most extended sig-



xvi INTRODUCTION.

nification. When the author of the present Treatise was editing a work called ¢ Papers on
Naval Architecture,” he made several ineffectual attempts to ascertain the ﬁ.at.e of the
papers of the late Mr Mackonochie, under the hope of being able to rescue some portion,
at least, of the works of this gentleman from the oblivion to which it is to be feared they
are destined.

To this list of books may be added a translation of Euler’s ¢ Complete Theory of the
Construction and Proprieties of Vessels.” This may be called an abridgment of his cele-
brated work Scientia Navalis. The translation was made from the French, by Colonel
Watson of the Royal Engineers. Chapman’s ¢ Area of Sails” has also appeared in the
English language, but is so very scarce that it may be said to be found only in the pages
of the Papers on Naval Architecture, in the ninth number of which it was reprinted, in
order to preserve so valuable a work from being utterly lost to English readers.

The more modern works on naval architecture which have appeared in England will be
found to be sufficiently mentioned in the following Treatise to enable the reader to form
his own opinion as to their respective values. The same observation will apply to those
foreign works which are most worthy of the attention of the student ; and it need hardly
be mentioned here, for the humiliating fact is sufficiently notorious, that it is to these ex-
ternal sources that the student in naval architecture must address himself, if he intends to
make himself fully master of all the higher questions in his profession. The following
pages have been wtitten with the hope that they may in some measure obviate this neces-
sity ; and although at the same time some things in them may be new, and the illustrations
of some already established principles condensed, it cannot be supposed that so limited a
" number of pages contains sufficient to preclude the necessity of a more extended and varied
study. The utmost that the present Treatise can pretend to, and all that the author hopes
to have attained, is, first, that it may be considered as a synopsis to the theory and prac-
tice of naval architecture; and, secondly, that it may be the means of attracting more
attention than has hitherto been paid to this interesting and useful branch of science, eo

indispensable to the prosperity as well as renown of the nation.
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Introductory Observations.

Taar profound thinker, Sir Walter Raleigh, has left this
aphorism on record, “ Whosoever commands the sea com-
mands the trade ; whosoever commands the trade of the
world commands the riches of the world, and consequently

ter Raleigh. the world itself.” The time has passed by in which the

Continene
tal naval -

policy.

command of the seas either can or ought to be maintained
according to the spirit in which Sir Walter Raleigh framed
this aphorism. Still the principle it is intended to enforce
is as essential to the wellbeing of England now as it was
then. We rejoice at the liberality of international commu-
nication, and of the political relations which distinguish the
present age. We do more; we fervently hope that the
same spirit may increase, even until all national distinc-
tions and national divisions shall vanish before it. Yet we
cannot but remember that it is with nations as with indi-
viduals. Interests may clash, quarrels may arise, and the
friendships and the kindly feelings of to-day may be suc-
ceeded by the dissensions and the feuds of to-morrow ; and
therefore, even in the midst of a peace unexampled for its
heartiness, and for the good faith which apparently per-
vades the councils of the nations of Europe, we cannot with
wisdom neglect those means of defence which have hither-
to preserved our land inviolate. -

he aphorism of Sir Walter Raleigh is of general ap-
plication ; but to an insular power, and which can only be
reckoned of secondary rank in the scale of nations, in as
far as size and population only are involved, naval pre-emi-
nence is essential to its independence. An eminent states-
man has lately most forcibly urged upon the continental
nations of Europe this all-important fact, that the command
of the seas, when vested in an insular power, gives her despo-
tic authority over the nations of the earth, because she is
herself invulnerable. He proceeds from this position to
the conclusion, that the interest of Europe renders it im-
perative, that since the sceptre of the seas is at present held
by an insular power, it should be wrested from her grasp,
and bestowed on another, which, by being continental, must
be vulnerable on her land frontier, and cannot therefore be
despotic in her naval rule.. Thus far does the continental
writer pursue the argument, because thus far only are the
interests of continental nations concerned ; but for us there
is yet another induction to be made; it is this: The same
cause which invests an insular power with universal domi-
nion as long as she can maintain the sovereignty of the seas,
must divest her of all power when that sovereignty is lost ;
she falls at once from her high pre-eminence; first on the list
of nations, to rank among the secondary powers; for the
sea, her impregnable fortress in the one case, becomes a

barrier to her enterprise in the other. It would be no dif--

ficult task to prove, from the history of Europe, that the in-
fluence of England among the nations has increased or di-
minish;d in proportion as her navy has been fostered or ne-
lected.

8 It is strange, that with such a tremendous stake at issue
as national independence, it should be possible to write, and
to write with truth, that there have been periods in our his-
tory, during which the navy and the naval resources of this
country have been suffered to decline. The naval sceptre
has more than once trembled in our grasp: we trust the
time is far distant in which we may again wield it in anger ;
but should that time ever arrive, the struggle must be des-
perate, because the powers of Europe have been taught that
our naval pre-eminence places their destinies in our hands.

In connection with the occasional neglect of her naval

. resources, is another strange anomaly, namely, that England

has less than any other maritime power encouraged the ap-
L)lication of the exact sciences to naval architecture.

as not to this day one original truly scientific treatise on
the subject in her language ; and, passing by some few pa-
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pers and tracts of modern times, she can only cite the writ- fic treatises
ings of uneducated and unlearned men, as Mungo Murray, on naval ar-
Hutchinson, and Stalkart, against those of such names as the chitecture.

Bernoullis, Euler, Chapman, Don Juan, Bouguer, Clairbois,
Romme, and a host of others. The establishment of a school
for naval architecture at Portsmouth has been directly and
indirectly the means of diffusing much knowledge on this
important subject, and the result has been a very consider-
able improvement in our ships of war, so that latterly they
may perhaps fairly claim equality with those of other nations.
It is perhaps principally in her merchant-shipping that Eng-
land now suffers from this neglect of scicnce.

It is a recognised principle that demand creates supply,
and therefore we may presume that in England there has

been no demand, such as would encourage men of science

to furnish forth the supply. It is not irrelevant to the sub-
ject of this article to trace out the causes which have ope-
rated to this effect; they must be made known to.be re-
moved ; and it is in vain to urge improvement if there be
any insuperable bar to its progress in operation. And again,
it cannot be irrelevant, in an article on a national subject,
and in a national work, to pursue the inquiry to its end, the
more so as we believe the task will lead us to the conclusion,
that, however harmless hitherto this state of apathy to im-
provement may have been, the time has now arrived when
its continuance will be dangerous to our naval pre-emi-
nence ; for through it, to quote again from Sir Walter Ra-
leigh, we may lose *the command of the trade of the world,
the command of the riches of the world, and consequently
of the world itself.”

The predilection for the sea, and for a seafaring life, English

‘which is proverbially general throughout the population of predilec-

England, may most probably be traced to an early period tion for the
in our history, when, after the Norman conquest, for a long ‘“g‘i’i“‘l’

period of years, both shores of the narrow seas were under
one rule, and the nobles of the land had possessions on
either side of the Channel. This, and the constant inter-
course kept up between England and her armies during
the long subsequent wars, must have trained a hardy race
of seamen, and have made passages by sea familiar to the
entire population. The impression once given, the facili-
ties afforded for maritime adventure, by the great compara-
tive extent of our coast, and its numberless harbours, were
quite sufficient to maintain it. Our insular situation will not
alone account for our love of naval enterprise ; otherwise a
similar predisposition would be general with the inhabitants
of islands, whereas we find a most remarkable instance to
the conuﬁ in Ireland, a country possessed of even more
maritime advantages than England ; with a more indented,
and therefore a more favourable coast, with proportionally
larger rivers, and with many lakes of great itude in the
interior. This predilection of our population for the sea has
hitherto enabled us most triumphantly to maintain our naval
pre eminence, even against the known and acknowledg-
ed advantages of superior ships; for it is universally ad-
mitted that the naval powers of the Continent have, through-
out their struggles with us, been possessed of superior classes
of vessels, in many respects, to those which we have em-
ployed against them.

It is a question for serious consideration, whether we are
sure, throughout the future, to be able to contend with equal

ori|
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latrodue- success should we labour under similar disadvantages ; or

tion.  whether there are causes now in operation which may ren-
der a favourable result questionable ?
Stateof the In pursuing our inquiry into the present state of the

theory of  theory of ships, and particularly as it is applied to our mer-

ships. cantile navy, we shall arrive at an answer to this question.
It certainly does not necessarily follow, that because our
vessels of war have been inferior to those of other nations,
our merchant-shipping should be in a similar position with
res to their mercantile navies.

Loss of he merchant princes of England, with their boundless

merchant- weglth, proverbiar generosity, and persevering enterprise,

:lt.l p ctf;_r:;n might surely have attracted the attention of men of science

construc. 10 the improvement of their argosies. That they have not

tion. done so is indisputable : the startling fact, that one ship and
a half is the average daily loss registered on the books at
Lloyd’s, appears as a sad corroboration of the acknowledged
truth, that the mercantile navy of England is the least
speedy and the most unsafe that belongs to a civilized na-
tion. Several causes have combined to produce this result,
and to check any improvement in our merchant-ships. These
it will be our object to explain.

Reasonsfor During the late long war, when our fleets swept the com-

their infe- merce of the other nations from the seas, almost the whole
nority.  traffic of the world was in our hands, and the carrying
trade ‘was shared only by the Americans, their neutra-
lity obtaining for them the same advantages that we com-
manded by our power ; but at the peace the seas were again
free to the ships of all nations, and that which had been for a
long series of years almost a monopoly, was thrown open to
competition. It might naturally be inferred that this would
operate injuriously to us ; yet the question cannot but arise,
why, with all the advantages of possession of the ground,
of connection, and of stock, we have been, and still conti-
nue to be, supplanted by other maritime nations? We
have not only Yost much of the carrying trade for foreign
merchants, but even English merchants find it for their in-
terest, as individuals, to employ a great proportion of foreign
shipping, to such an extent indeed, that nearly one half of
the commerce on our western coast is carried on in Ame-
rican vessels. It may be urged against these statements,
that the statistics of our mercantile navy show an increase
in its numerical strength. This may be admitted, and the
force of the argument remain the same ; for it is not found-
ed on its positive increase or decrease, but on its relative
increase compared with that of the mercantile navies of
*  other nations.
Diminished That there should have been a diminution in the demand
demand for for our shipping at the conclusion of the war, is a necessary
our ship-  consequence of the many causes of the employment of ships
ping. which belong only to a state of war; besides which, as in
time of peace the delays occasioned by waiting for convoy
are avoitred, the time expended in the voyages is shorter,
and therefore a less number of ships is required to perform
the same quantity of work. We have, however, suffered
more than the proportion due to these considerations, which,
it should be remembered, must also, in a lesser degree, have
operated to check the progress of the American mercantile
navy; however, it is this navy which is principally supplant-
Caused by ing ours. We cannot evade the conclusion, that the reason
inadequacy for this must be found in the inefficiency and inadequacy
ofoursbips. of the ships themselves, and that the absence of all improve-
ment in our mercantile navy has placed it in this disadvan-
tageous position.
Ships sail-  During the war, almost the only colonial supplies which
ing in con- could reach the continental powers were those plundered
voy. by their privateers from the lggglish merchant. The only
safety to the English merchant-ship was in sailing in large
convoys, in which the velocity of the whole fleet was ne-
cessarily regulated by that of the worst sailer. It was there-
fore of far more importance to the merchant who had few
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opportunities for adventure, to choose those: ships which Introduc-
would carry a larger quantity than those which were pos- ~ tion-
sessed of a quality, velocity, of which they could not avail ~"v~
themselves. This operated as an effectual bar to all im- Tonnage
provement in the forms of our mercantile shipping, for itlaws.
caused the absurdities of the late law for tonnage to remain

unnoticed for a series of years; and when at length their Their inju-
injurious tendency was perceived, it was not until they hadrious ope-
become so completely identifiéd in men’s minds with ships fation-
themselves, that years more were suffered to elapse before

it was clearly made manifest, that the cause of the inferiority

of the shipping was the absurdity of the law. Years more

must yet elapse before the mercantile navy of Britair can re-

cover from the state to which these laws have reduced it.

While English merchant-ships were restricted to sailing American
in convoys, the neutrality of the Americans enabled their ships sailed
vessels to sail singly, and consequently it became immedi- 5i0gly-
ately desirable to attain the greatest velocity which was con-
sistent with a due portion of the other requisite qualities for
a merchant-ship ; there was therefore virtually a premium
on improvement. Thus the peace found America in
sion of an immense commercial navy, which, on an ave-
rage, could perform its passages in one third less time than
our own ; and although this is necessarily attained by some
sacrifice of capacity, the result has shown the sacrifice to
have been judicious. The peace also found America in
possession of ship-builders who had made the improvement
of the qualities of ships their study. She therefore was not
only in possession of a better mercantile navy, with which
to compete with us, but she had also the vantage-ground of
superior knowledge, and a far more extended experience,
from which to start for the future competition. What won-
der, then, that we have failed in the contest 7 The wonder
should rather be, that we are not wholly driven from the
field. Similar injurious causes operated against the English
shipping in comparison with that of several of the maritime
powers. Convoy was no safety to their ships of traffic, since Convoy no
their ships of war found no safety for themselves. The safety to
only chance for escaping our cruisers lay in sailing singly, foreign
as less likely to attract observation, and in trusting to their ships.
velocity if observed ; besides which, the northern nations
of Europe have long been possessed of a very superior class
of mercantile shipping, the result partly of the advanced
state of the knowledge of the science of naval architecture
among them, and partly also of this custom of sailing singly
on long voyages, even amidst all the dangers of war. It
cannot be a matter of astonishment, therefore, that when
the seas were once more open to ships of all nations, the
foreign merchants, whom absence of commerce had impo-
verisined, should choose those which would the soonest al-
low of a return of capital, and at the same time diminish
the risk of its loss ; for it must be remembered, that the
safety of a ship is not only dependent on her powers as a
sea-boat, but is in inverse proportion to the time she is ex-
posed to the dangers of tll)me seas. Again, if the foreign
merchant thus preferred the foreign ship to the British,
surely that competition, which is the very spirit of commer-
cial enterprise, must of necessity have impelled the British
merchant to pursue the same course ; for it could not be a
matter of indifference to him whether his goods should be
the first in the market, or should arrive when that market
was glutted.

The present modification of the tonnage laws is compa- Present
ratively harmless, but the leaven of the old law remains. tonnage
England possesses upwards of two millions and a half of tonelaw.
nage in inferior shipping ; and the merchant-builders of Bri-
tain, reared under the baneful influence of that law, are, wit}.

a few honourable exceptions, unegua.l to the task of compe-
tition with the more educated and more practised foreigner.
The theory of ships is, even by those who are the most in-
structed in its principles, yet considered in its infancy; it
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can only be matured by s free and impartial encouragement
of the application of the exact sciences to the improvement
of naval architecture, and by the total abolition of all laws
which can, directly or indirectly, limit the aspirings of the

ry of ships. merchant-builders of England in their competition with fo-

Error in
having re-
strictions
on ship- ©
building.

Ships to
train sea.
men the
paramount
want of
England.

reigners. - The writer of this article believes that England
scarcely ever committed a greater error than when she first
determined the existence of a law for levying duties ac-
cording to tonnage.

We may here advert to a most striking example of the
effects of the removal of this check, in the matchless ex-
cellence of the yachts of England, and may therefore not
unfairly presume, that the same skill which has already ex-
alted one class of vessels beyond competition, might, under
similar circumstances, attain the same comparative excel-
lence for another, and that our merchant-ships may yet be-
come as unrivalled as are our yachts. Be the law of ton-
nage founded on weight, on bulk, or on dimensions, in each
and every case it operates as a check to the most important
manufacture of the country. There is evidently nothing so
essential to England as that she should possess a large ma-
ritime population; and this can only be insured by the pre-
ponderance of her mercantile navy, which, again, must in
future be completely dependent on the qualities of the ships
that compose it.

It is obvious, that while the effects of a long, and solid,
and, we believe, hearty peace, amongst the civilized nations
of the world, are to increase the wealth of all other nations
as well as our own, and with their wealth to increase their
shipping, it becomes a serious national duty on the part of
our rulers to frame such laws as may insure to us the van-
tage-ground we possessed when peace enabled all alike to
start in the race of ithprovement. That we may have free
exercise for our skill, capital, and enterprise, we must not
be cramped by absurd laws as to the tonnage dnd sailing
regulations of our ships. These impediments should evi-
dently be removed, in order to place us at least upon equal
terms with our competitors.

We do not pretend to arrogate to ourselves that com-
mand of the seas which was intended by Sir Walter Ra-
leigh. The days when fleets were bound to lower topsails
at the bidding of a single pennant have, happily for the
wellbeing of mankind, long passed away. But we do say
that the end and object of all British policy should be to
insure such preponderance on the seas, that if, amidst the
changes which we almost daily see occurring, and which
make the ible advent of war no speculative imagining,
one shodtf‘:sise to plunge Europe again into strife, Eng-
land may not be found wanting in practised seamen. This,
we believe, can only be assured by her possessing a mercan-
tile navy, composed of ships the good qualities of which will
insure for them a large proportionate share of the carrying
trade of the world. In s%ort, we believe, that, to insure for
our military navy, in times of war, successes triumpbant as
heretofore over every sea, it is essential that our mercantile
navy should, in these times of peace, crowd every port.

It is in order to advance this cause that we shall endea-
vour to set in a clear point of view the several difficulties
which occur in the study of naval architecture ; and we feel
no doubt whatever, that if the principles of construction
which we shall endeavour to explain be duly attended to,
and the study followed up in earnest, the results will prove
their correctness, and that the mercantile navy of England
will become as unrivalled in its excellencies as are almost
all the other productions of the skill, talent, and enterprise
of this favoured land.

Rise ard Progress of Naval Architecture among the Na-
tions of Antiguity.
In tracing the progress of naval architecture among the
nations of antiquity, in order to connect it with its advance

in more modern times, we shall cite the chronol
visions adopted by that indefatigable investigator C

gress, decline, and revival of the art, an
valuable guide for investigation. It would not be consist-
ent with the purpose of this article to enter into the detail
that would be necessary to ascertain the state of naval ar-
chitecture during the periods embraced in each of the sec-
tions he has assigned to this subject. We shall confine our-
selves to the statement of some few facts, collected from
various authors, in illustration of the probable size and na-
ture of the shipping of the ancient world. We shall also
endeavour to trace what little is known of the rude vessels
which, during the darkness of the middle ages, bore the
marauders ot the northern nations on their predatory ex-
cursions ; in which they carried desolation and misery
throughout the coasts of Europe, and, while they rooted out
the last relics of ancient civilization, laid the foundations of
empires which were destined, in their turn, to civilize the
world. With Charnock’s sixth section, inclusive perhaps
of some few years at the close of his fifth, the naval history
of Britain commences ; and during the period embraced
between that date and the present time we must gradually
become more diffuse in our detail.

Charnock divides maritime history into seven sections.
The first comprehends the time previous to the foundation
of Rome, until which, he says, alr history is founded on sur-
mise. The second section comprises a period somewhat
less obscure, in which the collateral testimony of various
authors may be examined and compared ; and therefore there
certainly abpears less difficulty in ascertaining facts. It ex-
tends from the foundation of Rome to the destruction of
her rival Carthage. The termination of the third is at the
conversion of the republic into an empire, an era when the
want of naval enemies to contend with rendered the main-
tenance of a fleet, as connected with the prosperity and
safety of the state, a consideration not only of secondary,
but immaterial consequence. The death of Charlemagne
ends the fourth epoch. The fifth extends from this period
to the discovery of the mariner’s compass. The sixth ends
with the discovery of cannon ; and their adaptation to naval
warfare commences the seventh epoch.

It will avoid much useless repetition if we premise our Ancient
investigations on the state of ship-building among the na- shipping
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in his valuable History of Marine Architecture, because g‘mﬁk!
they present a very succinct idea of the Xrobable rise, pro- .5 divi.gh

therefore offer agjons.

tions of antiquity, by the observation that their fleets, whe- principelly

ther for war or for commerce, appear to have consisted al- ProPe

most entirely of vessels whose principal mode of propulsion
was by the use of oars. It would be foreign to the ob]iect of
the present article to enter into the useless and perplexing,
though most enticing question, as to how those oars were
applied in the trireme, quadrireme, and quinquireme, nay, on
the authority of Plutarch, even to the extent of fifty distinct
banks of oars. It is possible to conceive many methods in
which the benches of the biremes, and even of the tri-

- remes, may have been disposed, which would enable the

oars to be plied with ease and advantage. But the vast
combination implied by the fifty banks of the galley of Pto-
lemy Philopater has as yet received no solution, unless it
may be that suggested by Mr Holwell in his Essay on the
War Galleys of the Ancients, which we shall therefore, in
the absence of all certain data, adopt. He imagines that the
banks of oars must have been arranged obliquely up the
sides of the vessel, as many oars in each bank as would ad-
mit of the highest being rowed with facility ; then each ad-
ditional bank would only require additional length in the
vessel. Thus the galley of Ptolemy Philadelphus might
have had forty, and that of Ptolemy Philopater fifty, of these
oblique ascents of oars, and yet need not necessarily have
been higher out of the water than the ordinary quinquireme,
It should be stated, that the triremes seem to have been the

»
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History. limit of practical utility in the disposition of the oars, as
they appear to have been most usually adopted for the pur-
poses of war.

In tracing the records of the sizes of vessels, we find,
on the authority of Thucydides, that the Grecian flotilla, at
the siege of Troy, about 1184 years B. c., consisted of 1200
vessels, the largest of which contained not more than 120,
the least fifty people. He also expressly says that they
were without decks. These were therefore mere open row-
boats or canoes.

Firstnaval A great improvement on these must have been made in

battle. the fleets of the Corcyrians and Corinthians, between whom
took place the first naval battle on record, and which oc-
curred about 650 years before Christ ; because at that time
it appears the arrangement of the oars in banks had been
introduced. '

Sails evie. ~ We may perhaps infer, from a statement made by Thu-

dently little cydides, that these vessels were not ted for carrying

used. any large portion of sails, as they evidently had little if any
ballast. He says (book i. chap. 50), « The Corinthians,
when their enemies fled, staid not to fasten the hulls of the
galleys they had sunk unto their own galleys, that so they
might tow them after, but made after the men, rowing up
and down to kill rather than to take alive.” The vessels
spoken of as sunk were evidently merely stove in and wa-
ter-logged.

Inventors  Herodotus, Thucydides, and Diodorus agree that Ami-

of the tri- nocles, the « shipwright of Corinth,” was the inventor of

remes and the trireme, about forty years previous to this battle. The

L ehti=  invention of the quinquireme is generally attributed to the

€8, . .

Carthaginians.

Trojan
war.

Salamis. At the battle of Salamis, 480 years B. c., on the autho-
rity of Plutarch, the largest Grecian vessels carried only
eighteen soldiers, exclusive of the rowers, and those em-

Fleet of ployed in manceuvring the vessels, In the fleet of Mar-

Mardonius. donius, crowded as it must have been by a force collected
for the purpose of invasion, we find that, on a comparison
of the number of ships lost by tempest and the number of
men drowned, the average is only sixty-six men to each ves-
sel. This fleet consisted of 1200 galleys, and 2000 hulks
(axadsg) of the « round manner of building.”

Vessels The whole of the Grecian vessels appear to have been

half only. half-decked ; the soldiers were stationed on platforms

decke at each extremity, the middle or waist being left open for
the rowers. Cimon, the celebrated Athenian commander,

was apparently the first to join these two platforms with an
intermediate flat, and thus to form a perfect deck, for the

urpose of opposing a stronger armed force to the Persians.

Decks in- This innovation took place preparatory to the battle of Eu-

troduced  rymedon, B. c. 470. 'These decks were hatches to be re-

by Cimon. moved at pleasure. The quinquiremes appear afterwards
to have been always thus fitted, the quadriremes and bi-
remes only occasionally ; and all below these in size were
open boats.

Ships of From the rapid preparation of armaments of most impos-

slight build. ing force, in as far as numbers of shipping are concerned,
and also from the fact of the ease with which the vessels
were transported by land, we must infer that they were of
but small dimensions, and of very fragile construction ; and
though occasionally we find that fabrics of large size were
constructed, it was evidently, from the gorgeous descriptions
which remain of them, more out of ostentation than from
any anticipation of their utility.

Fleet of The vessels composing the fleet of Alexander the Great

Nearchus. in his Indian e ition, and in which Nearchus performed
his celebrated voyage, were row-galleys of such moderate
dimensions that, in the course of the voyage, they were fre-
quently hauled on shore ; and although we find, by collat-
ing the number of vessels and the number of men compos-
ing the expedition, that there could not have been more
than fifty or sixty men on board each vessel, their accom-

modations were 8o poor that the journal takes notice of the History.
inconvenience experienced by the ctews from being obliﬁ S—r~t
to remain for two consecutive nights on board. Purc

gives the detail of this voyage of Nearchus, on the autho-

rity of Arianus, lib. viii.

To pass to the Carthaginians, a people of great commer- Carthagi-
cial enterprise and importance, and who inherited their nau- nians.
tical knowledge from their progenitors the Pheenicians, of
whose commercial wealth history, both sacred and profane,
gives repeated evidence : Ezekiel (chap. xxvii.) says of Tyre,

It is situated at the entry of the sea, is a merchant for many
isles ; its ship-boards are of fir-trees of Senir, their masts of
cedars, their oars of oak of Bashan, their benches of ivory,
their sails of fine embroidered linen. We find that the Voyage of
Carthaginians must at a very early period of their history Hanuo.
have possessed vessels of considerable magnitude; for in
the journal of the much though unjustly disputed voyage of
Hanno, which Clark, in his History of Maritime Discovery,
places at 350 B.c., but which by some historians is said
to have taken place as early as 1600 B. c., sixty ships afford-
ed accommodation for 30,000 souls, including women and
children, and this, too, with all the stores and requisites for
colonization, which was the main purport of the enterprise.
The little we know of the Carthaginians, we know through
their implacable foes the Romans ; and as the Roman fleets
were built after a Carthaginian model, we may pass on to
investigate the few certain particulars we can collect of the
Roman shipping ; though, in doing so, we must not assume
that we are in possession of the extent of the state of naval
science among the Carthaginians. All that the Romans
adopted from them was their war-galley. Their commerce,
and consequently their commercial vessels, were alike de-
spised by this predatory state, which then lived almost solely
by the sword.

Charnock, on the authority of Meibomius, has given the Roman
following as the dimensions of the Roman trireme and shipping.
quadrireme. The triremes were 105 feet long and eleven
feet broad. The quadriremes were 125feet long and thirteen
feet broad. The triremes, after the time of Julius Caesar,
were ninety feet long and ten feet broad. These dimen
sions have a much greater comparative length to breadth
than the proportions adopted for the Neapolitan and Maltese
galleys of more modern times. In them the length seldom
exceeded seven breadths. According to Vossius, who is also
one of the most voluminous writers on the subject of the
shipping of the ancients, these Neapolitan galleys were ca-
pable of performing voyages by the oar of sixty leagues in
twenty-four hours ; and the distance from Naples to Paler-
mo has been performed in seventeen hours.

- Ceesar himself gives us a good criterion of the size of the Cesar’s ac-
Roman vessels employed by him in the invasion of Britain ; countofthe
for he says that they were so large that they could notsizeofships.
approach near enough to the shore for the soldiers to dis-

embark, but that they were obliged, encumbered as they

were with their arms, to jump into the water, which was

breast high ; and that at last the galleys were ordered in be-

tween these larger vessels and the shore, to protect the dis-
embarkation.

When we consider the dimensions above quoted for the First Ro-
Roman navy, it does not appear that there is necessarily man flect.
much exaggeration in the aconnts given of the wonderful
exeirtions made by that people to prepare their first mari-
time force. Sixty days after the axe was laid to the root of
the tree, 160 galleys according to some arcounts, 100 quin-
quiremes and twenty biremes according to others, rode at
anchor in the sea; the quinquiremes each manned by 300
rowers and 200 soldiers. Polybius states the Roman fleet
at the time of the first Punic war to have consisted of 830
ships, each containing 300 rowers and 120 soldiers. If we
compare the small number of vessels which the might of
Rome put forth at this time, when her very existence de-
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enterprise would be peculiarly fostered, as congenial to man’s History.
habits, or essential to his preservation, during a Eeriod of ~=——rt

pended upon the success of her naval exertions, and then
contemplate the enormous numerical force of the fleets of
the petty Grecian states, we may form a very correct judg-
ment of the necessarily comparative insignificance of the
vessels which composed these more early navies.

The. Roman ships were divided into three classes: the
naves longs, or ships of war ; the naves onerarie, or ships
of burthen ; and the naves liburne, which were ships built
expressly for great velocity, and may be supposed to have
been used as despatch-boats, and for making passages with
important personages. There is repeated evidence to prove
that these vessels were invariably built of pine, cedar, or
other light woods, excepting about the bows, which were of
oak, strongly clamped and strengthened with iron or brass,

in order to withstand the shock of opposing vessels; the-

tactics being comprised in the attempt to sink or damage
the enemy’s vessel, by violently propelling this armed bow
against the weaker broadside of the enemy, or else endea-
vouring to break and cripple the oars. ~Oak was first ap-
plied to ship-building by tﬁe Veneti. This we have on the
testimony of Casar in his treatise De Bello Gallico, lib. iii.
cap. 13.  Copper or brass was introduced for fastenings, in
consequence of the quick corrosion of the iron, about the
time of Nero. This is stated on the authority of Vegetius,
and also of Athensus ; and‘@liny mentions that flax was
used for the purpose of caulking the seams of the plank.

The following quotation is from Locke’s History of Navi-
gation: * Sheathing of ships is a thing in appearance so
absolutely new, that scarce any will doubt to assert it alto-
gether a modern invention ; yet how vain this notion is, will
soon appear. Leo Baptisti Alberti, in his book of Archi-
tecture (lib. v. cap. 12), has these words: But Trajan’s ship
weighed out of the lake of Riccia at this time, while I was
compiling this work, where it had lain sunk and neglected
for above thirteen hundred years ; I observed that the pine
and cypress of it had lasted most remarkably. On the out-
side it was built with double planks, daubed over with
Greek pitch, caulked with linen rags ; and over all a sheet
of lead fastened on with little copper nails. Raphael Vo-
laterranus, in his Geography, says this ship was weighed by
the order of Cardinal Prospero Colonna. Here we have
caulking and sheathing together, above sixtecen hundred
years ago; for I suppose no man can doubt that the sheet
of lead nailed over the outside with copper nails was sheath-
ing, and that in great perfection, the copper nails being used
rather than iron, which, when once rusted in the water,
with the working of the ship, soon lose their hold and drop
out.”

Slight as this sketch may appear of the navies of antiqui-
ty, it embraces an outline of almost all that has descended
to our times. No portion of ancient history is so imperfect
as that which relates to the shipping, and in none necessa-
rily has the historian derived less aid from remains. Even
the monumental records here fail him, as the prow alone is
sculptured on them.

Progress of Naval Architecture from the Downfall of Rome
to the present Time.

During the many centuries of utter stagnation in all im-
provement which succeeded the downfall of ancient civili-
zation, it would appear vain to seek for records of the pro-
gress in naval architecture. ¢ These were times,” says
Rymer, in the dedication of the third volume of the Faedera,
“ of great struggle and disorder, all Europe over, and the
darkest period of times.” Although it may be useless to
search for records of the improvement of the means of na-
vigation during these ages, when thought appears to have
been banished from the earth,.and action to have been the
only object of man’s life, we may undoubtedly expect that,
in the countries bordering on the seas, the spirit of naval

universal aggression, confusion, and migration. T

the south had deemed uncongenial to man and unfit for his
habitation, appear to have teemed, in all their wild and far-
spreading districts, with a hardy and an adventurous popu-
lation, horde after horde of whom poured down from the
north-east in irresistible might, and spread desolation and
misery throughout Southern and Western Europe; while
from the north-west the same wide-spreading desolation
swept away all trace of the incipient civilization of Britain
and of Gaul. Every sea was ploughed by the fragile barks
of the Scandinavian adventurers, and every shore was de-
vastated by their incursions. Denmark, Norway, and Swe-
den sent their hardy sons to the coasts of the German
Ocean, the Channel, the Bay of Biscay, and even to the
Mediterranean on the west; while the barbarians of the Scla-
vonian nations poured down through the Danube and the
Borysthenes on the east of' Europe, the population of which,
rendered feeble by the divisions and dissensions attendant
upon the breaking up of the gigantic power of Rome, and
enervated by the Sybarite civilization of the latter days of
that empire, perished beneath the arms or bent to the yoke
of the hardy progeny of the north. The Saracens wrested
from the descendants of the Caesars the remnant which the
Goth and Hun had spared ; and Europe became repeopled
throughout its limits with a young, a vigorous, and an enter-
prising population, while the maritime provinces had gene-
rally been the spoil of tribes inured to the dangers and de-
lighting in the excitement of maritime adventure.

5

e north- Northern
ern regions of the earth, regions which the civilization ofnations.

We cannot but be astonished at the indomitable spirit of Their en.

enterprise which characterized these rude times. But that, terprise.

perhaps, which is the most extraordinary feature of the
daring that distinguished this period, is to be traced by
the results of its naval expeditions, which could not be be-
lieved, had they not been established on the most unques-
tionable evidence ; and the whole history of the middle ages,
with their revolutions, may be cited in corroboration of
them. Still they had such important influence on the state
of Western Europe, that, judging of causes by their effects,
there must ever remain a doubt of our being in possession
of correct information as to the means by which the results
we speak of were accomplished. It is not difficult to sup-
pose adventurous men trusting themselves to the mercies of
the winds and the waves, and-leaving the sterile north to
plunder and colonize more favoured climates, of the exist-
ence of which their traditions might inform them. But this
is not all : there is ample evidence to prove a recurrence
of such enterprising voyages, their successful achievement,
and the safe return of the adventurers, not only to Nor-
way and the main land, but to Iceland ; a remote spot, which
might be left, but certainly could not be again repeatedly
attained without more knowledge than we are willing to
concede to so remote a period.

The navigator of the present day, accustomed to rely on Their com

the almost infallible aid of the compass, the chronometer, parative
and the sextant, would pause ere he dared to commit him- difficultics.

self to the boundless expanse of ocean, with no more sure
pilotage over its trackless waters than he might chance to
find from the appearance of the sun or stars and the flight
of birds. And yet we have no record that these Scandina-
vian sea-kings knew of more certain guides than the sun
by day, the stars by night, and such further aid as per-
chance might be wrested to their purpose, from the varied
phenomena of nature ; phenomena which may new be un-
observed, because not needed.

We read in Purchas’s Pilgrims the following account of Voyage of

the voyage of Floke, a Norwegian pirate, made in the early Floke.

art of the tenth century, from Shetland to Iceland ; which
Ee gives on the authority of Arugrim Jonas, an Icelandic
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historian. ¢ There was yet no use of the marinrs co
wherefore Floco leaving Hietlandia, tooke certayne ravens
unto him; and when hee thought hee had sayled a great
way, he sent forth one raven, wﬁich flying aloft, went backe
againe to Hietlandia, which she saw behind. 'Whereupon
Floco perceiving that he was yet neerer to Heitlandia then
other countryes, and therefore couragiously going forward,
he sent forth another raven, which, because she could see no
land, neither before nor behind, light unto the ship again.
But, lastly, the third raven was sent forth by Floco, and hav-
ing for the most part performed his voyage, through the
sharpnesse of her quicke sight attayned the land, she speedily
flew thither, whose direction Floco following, beheld first
the eastern side of the iland.”

The vessels of the Saxon marauders are described by
Charnock in the following terms: « The keel of their large
flat-bottomed boats was framed of light timber, but the sides
and upper works consisted only of wicker, with a covering
of strong hides. The Saxon boats drew so little water, that
they could easily proceed four score or an hundred miles
up the great rivers ; the weight was so inconsiderable, that
they were transported on waggons from one river to another ;
and the pirates who had entered the mouth of the Seine
or the Rhine might descend with the rapid stream of the
Rhone into the Mediterranean.” ‘

This description of the skin-covered boats of the north-
ern seas is founded on testimony which cannot be disputed.
And, if they were used by the Northmen on their longer
voyages, it was probably when they purposed incursions
into the interior of the countries they were about to devas-
tate ; but that they must have had another and a far superior
description of vessel, there can be no reason to doubt.

The investigations of the Royal Society of Northern An-
tiquarians at Copenhagen have thrown considerable light
on the subject of this early navigation, and of the disco-
veries of the Scandinavians in the west; and we can no
longer suppose that it was in these coracles that frequent
voyages were made to Newfoundland, and colonies establish-
ed there, which it appears proved that there were even as
early as the tenth century. But to recur to evidence which
is familiar to us. We bhave the description given by Ceesar
of the ships of the Gaulish Veneti. ¢ Their bottoms were
somewhat flatter than ours, their prows were very high and
erect, as likewise their sterns, to bear the hugeness of the
billows and the violence of the tempests. The body of the
vessel was entirely of oak. The benches of the rowers were
made of strong beams about a foot in breadth, and fastened
with iron nails an inch thick. Instead of cables, they se-
cured their anchors with chains of iron; and made use of
skins and a sort of thin pliant leather, by way of sails, pro-
bably because they imagined that canvass sails were not so
proper to bear the violence of tempests, the rage and fury
of the winds, and to govern ships of that bulk and burthen.
...... Neither could our ships injure them with their beaks,
80 great was their strength and firmness, nor could we easily
throw our darts, because of their height above us, which
also was the reason that we found it extremely difficult to
grapple the enemy and bring them to close fight.” And
again, speaking of the manner in which these ships were
eventually taken possession of : “ They,” the Romans,
¢ had provided themselves with long poles, armed with long
scythes ; with these they laid hold of the enemies’ tackle,
and drawing off the galley by the extreme force of oars, cut
asunder the ropes that fastened the sailyards to the masts;
these giving way, the sailyards came down, insomuch that
as all the hopes and expectations of the Gauls depended en-
tirely on their sails anxgerigging, by depriving them of this
resource we at the same time rendered their vessels wholly
unserviceable.”

The account proceeds to state, that many attempted to
escape from this unforeseen means of aggression; but that

the wind falling, and a perfect calm coming on, they were History.
obliged to remain inactive on the water, and were taken “=v—~’
possession of, one after the other, by the simultaneous at-
tack of several Roman galleys. It would appear from this
that they were vessels only intended for sailing, and that
since oars were used, from the mention made of seats for the
rowers, they could have been as very partial accessories to
the sails, or probably even only for steering. Another fact
is mentionar by Ceesar, that the Veneti sailed from their
port to meet the Roman fleet, and several of the vessels
to their port from the fleet. This, though not con-
clusive of the fact of sailing on a wind, is worthy of notice.

It is probable that it was ships such as these which brought H
Hengist and Horsa to England about the middle of the fifth and Horsa,
century, since it is recorded that their force, which con-
sisted of 1500 men, found accommodation in only three ves-
sels. It is hardly to be imagined that the coracles or skin-
boats of the northern nations were ever of sufficient dimen-
sions to accommodate a force of 500 men, with arms and
means of active aggression. :

In the course of little more than a century from the first Danish ine
invasion of Hengist and Horsa, England became quietly vasions.
subject to Saxon rule; and the prosperity incidenuﬂ to a
state of peace made her again a fit object of prey to new
hordes of northern pirates, the Danes. But it is useless
to dwell long on these times of historical doubt and inac-
curacy. In the words of Milton, “ These bickerings to re-
cord, what more worth is it than to chronicle the wars of
kites or crows, flocking and fighting in the air.”

At length order once more asserted her right to control Dawn of
men’s actions, and out of order the arts and wants of civi- civilization,
lization began again to dawn in the newly-formed states
which had arisen from the wreck of the empires of anti-

?uity. Man then saw that peace ministered to his com-
ort, and he turned his thoughts to commerce rather than
to the sword, as a means of gratifying his newly-acquired
cravings. Thus a long period did not elapse before those
seas, which had for centuries been tracked only by the bark
of the lawless marauder, bore on their surface the well-
freighted craft of the peaceful and industrious merchant.

he earlier irruptions of the northern barbarians into Rise of
Italy had desolated the Roman province of Venetia, and Venice.
driven a remnant of its inhabitants to the refuge afforded
by the small mrarshy islands at the extremity of the Adri-
atic. There they are described by Cassiodorus, who assi-
milates them to water-fowl, as subsisting on fish, and steep-
ed in poverty, their only manufacture and their only com-
merce being salt. From such humble beginnings arose
the state destined to connect the old world with the new,
and to lead the van of modern commercial and maritime
enterprise. The mercantile prosperity of Venice diffused
its influence throughout the shores of the Mediterranean,
which thus became once again the nursery of civilization.
For many centuries Venice was the great school for the arts
connected with navigation, and her shipwrights and seamen
were long the most instructed in Europe. While the north-
ern seas were navigated by the Scandinavian sea-kings, in
their rude and frail boats, in quest of plunder or of a home,
ships floated on the waters of the Mediterranean bearing

‘the banner of St Mark, which, it is said, were, even as early

as the tenth century, of the burthen of 1200 up to 2000
tons. The vessels, however, generally adopted by the Medi-
terranean states, were either copies or modifications of the
ancient galley.

It is a fact worth notice, that while the continuation of the Mediterra-
use of this species of vessel in the comparatively tranquil wa- iean galley.
ters of the Mediterranean fostered the arts of commerce and
navigation, its introduction into the northern seas, to which
it was ill adapted, appears to have checked, in a most re-
markable degree, the maritime enterprise which had hither-
to so characterized the population of their coasts. It is
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turies of comparative barbarism. Yet this was effected for
a wise purpose, by one of the greatest ornaments of the
middle ages, Alfred the Great.

Alfred was the first ruler of England who clearly under-
stood that the policy of Britain was rather to prevent than
to resist invasion ; and the by-gone history of his country
told him plainly that its military strength was not only in-
sufficient to awe invaders from its shores, but that all the
military resources at his command were inadequate to pre-
serve the liberties of his people. He therefore turned the
energies of his miﬁhty mind to the task of creating a paval
force, which should be more powerful than that of his
untiring tors the Danes. In this we find that he
succeeded ; and at length, under the protection of the fleets
which his genius had created, he was enabled to estab-
lish that frame-work of internal policy and government,
from the wisdom of which England has even to this day
benefited. It is historically certain that Alfred himself
superintended the formation of his fleet, and that he gave
the design of vessels to be superior to those of the Danes.

We find that these vessels were galleys, generally row-
ed with forty oars, some even with sixty, on each side ; and
that they were twice as long, deeper, nimbler, and less
“ wavy” or rolling, than the sgi of the Danes. The in-
formation on this subject is obtained by Selden, from a
Saxon chronicle of the time of Alfred, which is in the Cot-
tonian Library.

It should be remembered, that when Alfred thus intro-
duced the Mediterranean galley into these northern seas,
his object was not so much to form a vessel adapted for the
purpose of navigating those seas, as to obtain one which
would afford space for a large force of fighting men. For

. this the galley was admirably qualified ; and indeed it main-

Their suc-

Saxon rule.

Mgre_lnﬁle
shipping.

tained its place as the appropriate ship for the purposes of
war, until the invention (ﬁ' cg.nnon renlt’iered ot.hx;r arrange-
ments necessary.

The immunity which it insured from the attacks of the
Danish marauders, caused its general adoption along the
coasts hitherto open to their incursions, on all of which it
thus superseded the sailing vessels that we have already
described ; and we shall find that voy which, until its
introduction, were boldly and successfully achieved, be-
came of rare occurrence and of hazardous issue during the
subsequent ages, until the galleys once again gave place to
sailing vessels. It also gradually checked the enterprise
of the Northmen, by the curb which it placed upon their
successes.

It is not our pu to give more than a slight sketch of
the naval history of Britain through the line of her Saxon
princes ; for we can discover little data on which to found
any sgeculation even, as to the progress of naval architec-
ture during these ages. We know that the galley of the
Mediterranean continued to be used for the defence of the
coasts; and the policy of Alfred appears to have been well
understood by many of his successors,—that England only
zlnljoyed peace from invasion when her fleets were power-

enough to repel it from her shores. We are also led
to suppose that the use of sailing vessels was not wholly
abandoned ; for in the reign of Athelstan, the third in de-
scent from Alfred, as we read in Hackluyt, it was decreed,
that  if a marchant so thrived, that he passed thrise over
the wide seas of his owne craft, he was thenceforth a Thein’s
right worthie.”

This establishes two rather interesting facts : one is, that
at so early a period of our history there were merchants of
importance enough to engage in such a traffic ; and the other
is, that from the richness of the reward held out to success-
ful enterprise, we are enabled to estimate the difficulty of
the task assigned. We may assume that these long voy-

ages were made in ships more adapted for the
galleys ; in fact, in the vessels which the galleys

7

than History.

intended to supersede. But the spirit of maritime enter- nD:"l‘"’ of

prise had, as we have said, evidently received a check, since
we see that one of the highest rewards in the power of the
monarch to bestow was held out to the merchant, as an in-
citement to an adventure, which the vague hope of plunder
would alone have been sufficient to induce that merchant’s
progenitors to attempt, and successfully perform. How-
ever, it is probable that at no time was the art of navigat-
ing vessels, which depended principally, although perhaps
not wholly, upon their sails, lost in the northern seas.
Gibbon says, that at the early crusades the vessels of the
¢ Northmanni et Gothi” (the Norwegians and Danes) dif-
fered from those of the other powers, among all of whom
the ships ook of the character of the Mediterranean
galley. ese northeru crusaders are described by him as
navigating “navibus rotundis, that is to say, ships infinitely
shorter in proportion to their length than galleys.” This
was not later than the beginning of the twelfth century,
and therefore not so far removed from the periods in ques-
tion as to render the inference we wish to deduce from it
erroneous, particularly when referring to times of such slow
improvement as the middle ages.

The “ mighty” fleets maintained by Edgar afford no in- Edgar,

formation on the subject of this article, excepting that the
facts connected with that monarch’s annual circumnaviga-
tion of his territories prove them to have consisted of row-
galleys. They must however have formed comparatively a
“ mighty” fleet; for, from a grant of land made by Edgar to
Worcester cathedral, we find that he assumed to himself
the title of *“ Supreme Lord and Governor of the Ocean ly-
ing round about Britain.” That they were but of slight
construction, we may infer from the low state of the navy

terprise.

so shortly after the death of Edgar as the reign of Ethelred, Ethelred,

who, in order to re-establish it, instituted a regular tax for
providing and maintaining a navy. It was enacted, ac-
cording to Selden, that whoever d « 810 hides of
land, was charged with the building of one ship or galley; ,
and owners of more or less hides, or part of one hide, were
rated proportionately ;” the hide being, according to the
best authorities, as much ground as a man could turn up
with one plough in a year. But this tax appears to have
been ina(requate to the pu?)ose of providing a sufficient
fleet, for all the exertions of Ethelred could not preserve
Britain from again being ravaged by the Danes; and we
{ind, that after the short reign of his son Edmund Ironsides,

England was ruled by Danish monarchs. From the known Canute.

talent of Canute, the first of these princes, and from the
crowns of Denmark, Norway, and Britain being united in
his person, we may presume that the naval affairs of Eng-
land were not suffered to retrograde. We have indeed a re-
cord of their advance during this second Danish rule. We
may also infer it from the present which was made by Earl
Godwin to Hardicanute, the third Danish sovereign, of a
galley, sumptuously gilt, and rowed by fourscore men, each
of whom wore on his arm a bracelet of gold weighing six-
teen ounces; not that the mere gorgeousness of the gift
would prove any advance in the art of ship-building, but we
may suppose, from its nature, that naval affairs found favour
in the sight of this monarch. Of this we have also other
historical evidence, as Hardicanute raised eleven thousand
and forty-eight pounds, in the first two years of his reign,
for the purpose of building thirty-two ships ; and the taxes
he levied for the support of his navy were so grievous that,
Florentius says, scarcely any man was able to pay them.

The marine of England seems to have been maintained Norman
on a comparatively powerful footing up to the period of the conquest.

Norman conquest; and from the naval resources at the
command of Harold the Saxon, in comparison with the in-
significance of the shipping which brought William and his
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History. Normans across the channel, there can be no doubt that
“=="had Harold relied upon his naval strength, the conquest of
. England would never have been achieved. But, by some
fatality, his fleet, which had been long stationed off the Isle
of Wight, was dispersed, in consequence of a report that
William had abandoned his enterprise.

The flotilla of William the Conqueror is variously stated;
by some at 900, by others at 3000 vessels. In either number
we have a scale to estimate their insignificance, as the in-
vading force consisted of about 60,000 troops, which would
give in the one case about sixty-six men to each vessel, in
the other twenty men only. Plate CCCCXLYV. figs.1and 2.

The conquest of England being completed, the shores on
either side of the narrow seas between England and Nor-
mandy were under the same rule. William therefore claim-
ed sovereignty over them, which right was maintained by
his successors. There can be no doubt that the constant
intercourse between the two portions of the empire, which
continued throughout the Norman sway, and indeed for a
period of upwards of three centuries, must have done much
towards fostering a maritime spirit among the popula‘ion of
England, and accustoming it to consider that fame and for-
tune were the rewards of nautical adventure.

Fleet of
‘William,

Probable We have but slight evidence as to the state of naval ar-
sizeof  chitecture during the early period subsequent to the con-
ships. quest. There are a few facts scattered among the records

of these times, which may enable us to draw some vague
conclusions as to the probable size and nature of the vessels
used. When Prince William, son to Henry I., was drown-
ed, by the loss of the vessel in which he was crossing from

France to England, it is recorded that three hundred souls-

perished with him. As of this number a large portion, his-
torians say one hundred and forty, were men of rank, and
as there were many ladies, since the prince was accom-

ied by his sister, the vessel must have been of consi-
derable burthen. A similar event, namely, a'shipwreck,
that occurred during the reign of Henry II., by which near-
ly the same number of persons perished, tends to prove that
such was about the extent of the accommodation afforded
by the shipping of this period. Galleys still continued to
be used for the purposes of war; but as commerce began to
be extended, it became necessary to recur to the use of
sails, and we find that they were therefore gradually re-
covering their importance, and superseding oars. Indeed
it is difficult to conceive commerce to be profitably en-
gaged in, attended with the immense expense of the crews
necessary to propel the larger galleys. We should ima-
gine that this had an important influence in the improve-
ment of navigation and of naval architecture, for the com-
mercial intercourse between the portions of the empire on
either side of the channel must have been considerable.
There is constant reference in the early chronicles to the
great extent of the wine trade, and of the commerce in
wool and woollen cloths.

The introduction of vessels propelled by sails for the pur-

of commerce would necessarily cause a change in the
constitution of the fleets assembled for the services of war;
and this we find to have been the case. ‘

The expedition of Richard Ceeur de Lion, in 1190, to join
the crusade to the Holy Land, consisted of nine ships which
are described as being of extraordinary size, 150 others of
inferior dimensions, and only thirty-eight galleys. After the
reduction of Cyprus, and the addition of the vessels captured
there, with others which he had hired at Marseilles and in
Sicily, his armament consisted of 254 ¢ tall shippes, and
about three score galliots.” The increase was, therefore,
almost wholly in the ships. This, together with the record-
ed fact, that he captured a Saracenic vessel of such size as
to be capable of containing 1500 Saracens, and a large
quantity of military stores, destined for the relief of Achon,
tends to prove that the progress of naval architecture un-
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der the influence of the commercial powers of the Mediter- History.
ranean, had been more rapid than in these northern seas, ~=—v—"
where the commerce was much more confined in its na-

ture, and the nations bordering on which were in constant

warfare with each other.

The Norman monarchs appear to have been very tena- Sovereign-
cious of their claim to the sovereignty of the narrow séas ;ty of the
and not only their claim, but their power to maintain their****
right, is admitted by the French historians. The Pére
Daniel sanctions the claim of Henry II. to this sovereignty.

In the reign of John we find that the fleets of England John.
were of such importance that the claim was extended; for
it was then enacted, that if the masters of foreign ships
should refuse to strike their colours, and thus pay hom-
age to the English flag, such ships should be considered
as lawful prizes. This monarch most carefully fostered
the naval power of England; and it is in the records of
the thirteenth year of this reign that we first read of any
public naval establishment. ~There is in the close rolls Early ori-
published by the Record Commission, an order, which isginof Ports-
dated the 20th of May 1212, from the king to the sheriff’ mouth dock-
of the county of Southampton, in which he is directed with-Y*""
out delay to cause the king’s docks at Portsmouth to be -
enclosed by a good and strong wall, in order to protect the
king’s galleys ‘and ships; and also to build storehouses
against this wall for the preservation of the fittings and
equipment of the said vessels; all of which works are to be
performed under the direction of William, archdeacon of
Taunton, and the greatest diligence is to be used, in order
that the whole may be completed during the summer.

The naval power of England appears to have continued Edward L
sufficient to maintain the sovereignty assumed by John.

For the occurrence of predatory excursions by some Ge-
nocse during the reign of Edward I. caused all the nations
of Europe, bordering on the sea, to appeal to the kings of
England, whom they acknowledged to be in peaceable pos-
session of the ¢ Sovereign Lordship and’ Dominion of the
Seas of England, and Islands of the same;” which proves
that their claim was generally acknowledged. This docu-
ment, Evelyn says, was still extant in his time, in the ar-
chives of the Tower. The right to the absolute sove-
reignty of the seas was maintained up to the reign of James
I. Queen Elizabeth insisted on and maintained her power
to refuse or grant passage through the narrow seas, accord-
ing to her pleasure. In 1634 Charles I. asserted his right
to their sovereignty; and in 1654 the Dutch were com-
pelled, after a severe struggle, to submit to it, and consent
to “strike their flags and lower their top-sails on meeting
any ship of the English navy in the British seas;” which
homage the commanders of English men-of-war were in-
structed to exact from all foreign vessels until so lately
as the close of the last war, when it was judiciously aban-
doned, for reasons which we shall give in the words of Sir
John Barrow. In his Life of Howe, with reference to Tra-
falgar, he says, “ That battle, moreover, having so com-
pletely humbled the naval powers of France and Spain,
. suggested to the consideration of the Board of Admiralty,
with the approbation of the government, the omission of
that arbitrary and offensive article which required naval
officers to demand the striking of the flag and lowering of
the top-sail from every foreign ship they might fall in with.
That invidious assumption of a right, though submitted to
generally by foreigners for some centuries, could not pro-
bably have been maintained much longer, except at the
cannon’s mouth ; and it was considered, therefore, that the

roper time had come when it might both morally and po-

Etically be spontaneously abandoned.” :

It is generally supposed, that ships intended only for Error re.
sailing were first bui{; by the Genoese, and that not until specting
the beginning of the fourteenth century. We rather incline the use of

to the opinion, that in the Mediterranean they date fromj,) "8 Y
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an earlier period than this; and that although the general
adoption of the galley in Western Europe had much check-
ed the art of navigation by means of sails, it had never
been wholly lost, but that sailing vessels, though proba-
bly very few in number, and imperfect in their rig, had
been constantly in use. If we may judge from the few hints
handed down to us by history, they were probably luggers,
and were adopted for mercantile purposes along the coast of
the Channel and the Bay of Biscay. In the north.of Europe
sails had never been discontinued, although the more war-
like galleys of England and France had gradually prevent-
ed the incursions of the northern nations into these more
southern seas. The beginning of the fourteenth century
is, however, decidedly an epocﬁx in the histories both of na-
vigation and of naval architecture, and from it may be dated
the progress of navigation by means of eails. It is generally
supposed, that the “ large ships” mentioned in the enume-
ration of the fleets of this period, were ships built only for
sailing, and intended for those long voyages which the inven-
tion of the compass by Flavio Gioia, a Neapolitan, about the
year 1300, had rendered of comparatively easy performance.

It has been surmised that the compass was brought to
Europe from the East about forty years previous to this
date, by Paulus Venetus. It is certain that the Portuguese
found the knowledge of the magnetic needle generally and
long diffused among the eastern navies. Eve%yn says that
“ jt was, near eighty years afler its discovery, unknown in
Britain.” This is not improbable, for there does not re-
main much record of maritime affairs in the interval be-
tween the reigns of John and Edward III. This monarch’s
reign was, after a most severe struggle with France for
supremacy on the seas, the era of a series of naval triumphs,
and both navigaticn and naval architecture made most de-
cided advances.

In an engagement which took place in 1840, the French
force amounted to four hundred vessels, of which a hundred
and twenty were “ large ships,” these being principally Ge-
noese mercenaries. Edward III. commanded the English
fleet in person, which consisted of but two hundred and

-gixty sail. The French are variously reported to have lost

twenty and thirty thousand men, and two hundred vessels
are said to have been captured. The loss to the English
was only four thousand men. Two facts are elicited by
the accounts of this engagement ; one is, that there is no
mention of galleys as forming any part of the fleets ; the
other is, that in the James of Dieppe, which was captured
by the Earl of Huntingdon, four hundred persons were
found slain ; consequently the size of the vessel must have
been very considerable. "

Reyslfieet. In 1344 Edward summoned commissioners from all the

Use of
cannon.

Sizes of
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ports, to meet in the metropolis, provided with the state of
their « navies.” The roll of this fleet is inserted in the first
volume of Hakluyt, from a copy in the Cottonian Library.
The total numbers were 710 ships, and 14,151 mariners ;
and there were thirty-eight foreign ships, with eight hun-
dred and fifteen mariners. From this roll we learn that
galleys had ceased to be used by England, either in her
wars or in her commerce, a8 neither among the king’s ships,
nor among those furnished by merchants, is there any men-
tion of them. This fleet was that engaged in the cele-
brated siege of Calais, and it was probably at this time that
cannon were first employed by the English. Camden in
his Remains says, “ Certain it is, that King Edward I11. used
them at the siege of Calais in 1347.”

Although from the fact of there being a royal dock-yard
at Portsmouth so early as the reign of Jobn, it is probable
that the kings of England were of a navy almost
from the conquest ; yet this roll of Edward’s fleet contains
the first enumeration of ships belonging to the sovereign,
and employed in the service of the state, which occurs in
English history ; and, consequently, it is from the reign of
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Edward IIL that we must date the formation of a royal History.
navy. The king's ships were twenty-five in number, and “~=—~—~"

were manned by 419 mariners. It appears that the veasels
belonging to the sovereign were inferior in force to many
of those which were supplied by subjects ; for the average
number of the crews o(P the king’s ships was seventeen men
to each vessel, while the average of the fleet was rather
sbove twenty. Of course these numbers only include the
mariners employed in navigating the vessels, and not the
soldiers to be afterwards embarked on board them. If we
consider the simplicity of the rig of these ships, in compa-
rison to the wilderness of canvass and cordage covering the
tall masts of a modern merchantman, we have more reason
to be astonished at the large number of hands employed,
than at the smallness of the averages seventeen and twenty.
There is good reason to suppose that the addition of the
bowsprit to the rig of ships dates no farther back than late
in the reign of Edward IIL., which is alone quite sufficient
to prove the very imperfect state of the navigation at that
period, and also to excite astonishment that, with such ap-
parently inadequate means, so much was effected ; for his-
tory would almost lead us to suppose, that for all the pur-
poses of war and commerce, fleets as proudly or as industri-
ously ploughed the main then as now, ¢ with all appliances
and means to boot.” Plate CCCCXLYV. fig. 8.

In the year 1381, the fourth of the reign of Richard II, Richard IL,
the first navigation act was passed in England, for the en- First navi-
couragement of the naval interest, and the augmentation 88tion act-

of our maritime power, by discountenancing the employ-
ment of foreign shipping. It enacted, “ that for increas-
ing the shipping of England, of late much diminished, none
of the king’s subjects shall hereafter ship any kind of mer-
chandize, either outward or homeward, ';mt only in ships of
the king’s subjects, on forfeiture of ships and merchandize,
in which ships also the greater part of the crews shall be
of the king’s subjects.” This act was not however enforced,
permission being given to hire foreign shipping when there
were no English ships in readiness.

We have said that the royal navy of England must date Royal ship-
from the reign of Edward IIL. We have proof that it con- hired by

tinued to be customary for the sovereign to possess ships ; mer

they were, however, used both for war and commerce. This

. practice, which does not at all militate against the existence

of a royal navy, appears to have commenced when “large
ships” were substituted for the galleys as vessels for war;
and it long continued to be usual for merchants to hire ship-

chants.

ping from the sovereign for commercial voyages. We learn Henry IV.

from the proceedings of the privy council, which have been
printed by the Record Commission, that in June of the
year 1400, Henry IV, ordered his ¢ new ship,” together
with such others as were in the port of London, to pro-

ceed against the enemy. There is also a letter in the Cot- Letter to
tonian Library, which has been printed in Elli¢’s Collec- Henry V.

tion of Letters, from John Alcetre to King Henry V. con-
cerning a ship building for that monarch at Bayonne. The
letter is of the date of 1419; and as it contains more mi-
nute details than might be expected to have descended
to us from such an early period, we give the following ex-
tract. * At the makyng of this letter yt was in this estate,
that ys, to wetyng xxxvj. strakys in hyth y bordyd, on the
weche strakys hyth y layde xj. bemys; the mast beme ys
yn leynthe xlvj. comyn fete, and the beme of the hameron
afore ys in leynthe xxxix. fete, and the beme of the hame-
ron by hynde is in leynthe xxxiij. fete ; fro the onemost
ende of the stemne in to the post IK hynde ys in leynthe
a hondryd iij** and vj. fete ; and the stemne ys in hithe
iiij* and xvj. fete ; and the dpoet xlviij. fete ; and the kele
ys in leynthe a hondryd and xij. fete; but he is y rotyt,
and must be chaungyd.”

We have also evidence of the existence of ships which
belonged to the monarch, in contradistinction to ships which
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History. belonged to the * commons,” in the quaint rhymes of an which belonged to Hull was released from arrest” (she hav- History.
anonymous author of the year 1438, which have been pre- ing been pressed into the king’s service), “ because she “~=—v—"

“ Libel of served by Hackluyt, termed “ The Prologue of the pro-

English
policie.”

Henry's There is a list of Henry’s vessels in the fourth year of his the forecastles, but were castellated enclosures at the mast-
fleet. reign, preserved in the proceedings of the Privy council. heads, in which the pages to the officers were stationed
His navy then consisted of three « large ships” or “ grands during an engagement, in order to annoy the enemy with
niefs,” three “ carracks,” eight barges, and ten balingers. In darts and other missiles; as is frequently mentioned in
1417 it was augmented to three “large ships,” eight ¢ car- Froissart, and is represented in the illuminations to his
racks,” six other ships, one barge, and nine balingers. work. Plate CCCCXLV. fig. 8.
Early ton-  Again, in a letter preserved among the Cottonian ma- Carracks “ were vessels of considerable burthen, and Curracks.
nage. nuscripts, and printed in Ellis’s collection, we find that the were next in size to great ships, in which class they indeed

cesse of the Libel of English policie, exhorting all Eng-
land to keepe the sea, and namely, the narrowe sea, shew-
ing what profite commeth thereof, and also what worship
and saluation to England, and to all Englishmen.”
And if T should conclude all by the king
Henrie the Fift, what was his purposing,
‘Whan at Hampton he made the great dromons,
‘Which passed other great ships of all the commons ;
. The Trinitie, the Grace de Dieu, the Holy Ghost,
And other moe, which as nowe bee lost.
‘What hope ye was the king’s great intent
Of thoo shippes, and what in minde hee meant :
It was not ellis; but that hee cast to be
Lorde round about environ of the sea.

The term dromond is the corruption of a Levantine term,
‘dromones, imported probably by the crusaders. The dro-
mones were long row-galleys, but the adopted term dro-
mond was applied generally to all large ships.

Spaniards offered Henry V. two carracks for sale, one of

which is described as of a tonnage equal to 1400, and the .
tical was Henry V. in all

other to 1000 butts. So ene
things relating to his navy, and the consequent increase in
the number of the royal ships during his reign was so great,
a8 to have led to the error that before his time the sove-
reigns of England were not possessed of vessels, but relied
wholly upon the aid to be gathered from the different ports
of England, or to be hired from foreigners. This is evi-
dently incorrect.

Neglect of  On the death of Henry V. a different line of policy ap-

the navy.

Ships.

pears to have been adopted; for in May 1428 the king’s
ships were all sold at Southampton, under a restriction that
no foreigner could be a purchaser of them. But it appears
that a long period did not elapse before the depr state
of the naval resources of the kingdom, consequent on this
injudicious measure, attracted the attention of parliament.

e following interesting quotation from the preface of the
fifth volume of the Proceedings of the Privy Council, print-
ed by the Record Commission, refers to this event. ¢ In
1443 the attention of parliament was directed to this im-

rtant part of the national defence (the naval force), and a

ighli‘ curious ordinance was made for the safiﬁlu.rd of the
sea. From February to Novembereight ships with forestages,
or, as they were sometimes called then, as now, forecastles,
armed with 150 men each, were to be constantly at sea.
Every large ship was to be attended by a barge of eighty
men, and a balinger of forty men. There were also to be
¢ awaiting and attendant upon them’ four ¢ spynes’ or ¢ spi-
naces,” with twenty-five men each. The whole number of
men in these twenty-four ships was 2240.”

There is also in the same preface an account of the va-
rious kinds of ships which formed the navies of this period,
a part of which we shall quote, and by the addition of some
further information of the same nature, derived from Frois-
sart, Monstrelet, and other sources, the reader will be en-
abled to form a tolerably correct opinion as to the state of
naval architecture in England previous to and during the
fifteenth century. Plate CCCCXLVI.

Ships. « The burthen of the largest ships at that period
probably did not exceed 600 tons, though some of them
were certainly very large” as, for instance, the vessel built
at Bayonne for Henry V., already mentioned. « One

drew so much water that she could not approach within two
miles of the coast of Guienne, where the Duke of Somer-
set’s army intended to disembark ;” and several notices oc-
cur of ships of 300 and 400 tons and upwards. Some had
three and others only two masts, with sgort topmasts, and a
« forestage” or “ forecastle,” consisting of a raised platform
or stage, which obtained the name of castle from its con-
taining soldiers, and probably from its having bulwarks. In
this part of the ship it appears business was transacted ; and
in the reign of Edward IIL, if not afterwards, ships had
sometimes one of these stages at each end, as ships ¢ ove
chastiel devant et derere” are then spoken of. (Plate
CCCCXLVL. figs. 2, 8, 4, 5.) Lydgate, describing the
fleet with which King Henry V. went to France after the
battle of Agincourt, says,

Fifteen hundred ships ready there be found,

‘With rich sails and high topcastle.

This is a confusion of terms. The ¢ topcastles” were not

were sometiines included. Their tonnage may be estimated
by their being in some instances capable of carrying 1400
butts ; and the sail of one afforded Chaucer a strange si-
mile expressive of magnitude, :

And now hath Sathanas, saith he, a tayl

Broder than of a carrike is the sayl.
Though occasionally armed and employed against the ene-
my, they were more generally used in foreign trade.”

Charnock says that the first carrack which was built in

England was built for a merchant, John Tavenier, of Hull,
who was consequently honoured by Henry V1. with distin-
guished favour ; and she was licensed in 1449 with parti-
cular privileges to trade through the Straits of Morocco.
The king also ordered her to be called the Grace Dieu Car-
rack. The license states her to have been built « by the
help of God and some of the king's subjects.”

Barges “ were a smaller kind of vessel and of a different Barges.

construction from ships, though, like them, they sometimes
had forecastles. Those aggointed to protect the seas in
1415 were of 100 tons burthen, and contained forty mari-
ners, ten men-at-arms, and ten archers; whilst the ships
employed on the same occasion were of 120 tons, and had
forty-eight mariners, twenty-six men at arms, and twenty-
six archers each. Four large barges and two balingers
were capable of holding 120 men-at-arms and 480 archers
and sailors.”

Balingers “ were still smaller than barges, had no fore- Bulingers.

castle, and sometimes contained about forty sailors, ten men-
at-arms, and ten archers.” Froissart makes frequent men-
tion of ¢ balniers,” ¢ balleniers,” which he describes * as
drawing little water, and being sent in advance to seek ad-
ventures, in the same manner as knights and squires, mount-
ed on the fleetest horses, are ordered to scour in front of an
enemy, to see if there be any ambuscades.” Monstrelet
speaks of one vessel that was employed by Louis XI. to ab-

uct the Count de Charolais, by the two names ballenier and
balayer. It is not improbable_ that the name is derived
from the French word baleine, and that its origin was si-
milar to that of our English name whaler. The whale-
fishery in Biscay was of a very early date.

Galleys (Plate CCCCXLVI. fig. 1) « are frequently Galleys.

mentioned at a very early period ; and in the 5th Rich. II.
1381, the Commons complained that no measures had been
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taken to resist the enemy, wio had attacked the English at
sea with their barges, galleys, and other vessels. In 1405
Henry IV. directed his council to apply to the king of Por-
tugal to lend him his galleys to assist the English navy
against the French.”

In Sir Grenville Temple’s Travels in Grecce and Tur-
key, we find the following description of a Maltese galley,
or, more correctly, galleas, made from an old model pre-
served there. “ These galleys measured a hundred and
sixty-nine feet one inch in length, and thirty-nine feet six
inches in breadth. They had three masts with latine sails,
and were propelled by forty-nine oars, each forty-four feet
five inches long. Their armament consisted of one thirty-
six pounder, two of twenty-four, and four of six, all on the
forecastle, which in those days had in reality some appear-
ance of a castle. On each side of the vessel, aft of the
forecastle, were four six-pounders.” The total crew, in-
cluding galley-slaves, consisted of 549 persouns. :

The Galleas and the Galleon appear to have been succes-
sive improvements on the original galley, rendered neces-
sary by the introduction of cannon into naval warfare. The
artillery introduced on board the early galleys was placed
either before or abaft the rowers, and to fire in the direc-
tion of the length. (Plate CCCCXLVIL) In the galleas,
a description of vessel first used at the battle of Lepanto,
guns were also placed between the rowers, to fire from the
broadside. Evelyn describes the galleasses he saw at Venice
(1645) as being * vessels to rowe of almost 150 foote long
and thirty wide, not counting prow or poop, and contain
twenty-eight banks of oares, each seven men, and to carry
1300 men, with three masts.” In the galleon the oars ceased
to be the principal means of propulsion, and if used at all,
were only so as occasional aids. The galley and galleas had
overhanging topsides for the accommodation of the oars. In
the galleon, on the contrary, the topsides « tumbled home”
to so extraordinary an extent, that the breadth at the water
was twice that at the topside, a fashion which has continu-
ed, but in a much less degree, to the present time. Plate
CCCCXLVIIL

Spynes or S , “ now called pinnaces, seem to
have been large boats, capable of holding twenty-five men,
and were probably used for swifiness. To these must be
added crayers, hulks, gabarres or gabbars, a kind of flat-
bottomed boat used in shallow rivers.” The French still
continue to apply the term ¢ gabarre ” to store-ships.

“ Playtes, cogships, whence perhaps cogs and coggles
are derived ; farecrofts, passagers, which were perhaps boats
used between England and France ; and cock-boats, a small
boat which attended upon al] kinds of ships. The whole
of these vessels were employed in conveying goods or pas-
se:fers, and most of them on rivers or in the coasting
trade. The ships, carracks, barges, balingers, and galleys,
were employed equally for commerce or for war. When
sent against the enemy, soldiers were put on board of them;
and it is most likely they were at all times partly manned
by soldiers. In foreign voyages they usually sailed in con-
voys ; and it was a very ancient custom for the masters and
sailors to elect their own admiral.”

In Burchett’s account of the unfortunate action in the
Bay of Conquet in 1518, in which the Lord High Admiral,
Sir Edward Howard, lost his life, four foists are mentioned
as forming a part of the French force. They were proba-
bly vessels of a similar character with the galley, but smaller
in size. About the beginning of the seventeenth century,
¢ carracks,” « galleons;” and « tall shippes” appear to have
become synonymous terms. Plate CCCCXLVIIIL.

The term hulk driginally was applied in a different sense
from that which is stated in the part of the foregoing
remarks which we have quoted from the preface to the
proceedings of the privy council. Frequent allusion is
made to hulks in documents of the fifteenth and sixteenth
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centuries. In a letter from Sir Thomas Seymour to the History.
privy council, dated the 18th of November 1544, when in ==~~~

command of the ¢ shij)es whyche was a poyntede to kepe

the Narrow Sees,” vindicating himself for putting back on-

account of a storm, there is the following passage, from

which we might almost infer that hulk was a general name

synonymous with ships. ¢ Thre holkes that come after me
colde nott gett syght thereof (the ¢ Eylle of Wyght),” tyll
they warre in a bay on the est syde of the Eylle, of the
whyche Mr Strowd, Bramston, and Battersebe of the garde,
God rest their sowles, was in on of them, whyche holke
brake all her ankeres and cabelles, and she brake all to
peses on the shorr, and but 41 of 300 saved a lyve. The
other two rode out the storme, whyche lasted all that nyght
and the next day. My brother (Sir Hy Seymour) and
John Roberds of the garde, tryde the sees all the furst nyght,
and the next day cam into Dartemouth haven, wharre my
brothers holke strake on a roke and brest all to peses; but
God be praysede, all the men warre savede, savying thre ;
and 4 nother new holke that tryde the sees that nyght brake
thre of her bemes, and with moche ado came into the Wyght.”

Again, in a letter from Lord Viscount Lisle, Baron Mal-
pas, the Lord High Admiral of England, to Henry VIIL.,
we have an announcement, that ¢ their is cum into the
Downes 30 sayle of hulkses, whereof sum be tall shipes®
And again, in a letter from the same to the Lord Chamber-
lain, Lord St John, he speaks of having detained “ 8 grate
hulkes bound, as they say, for Lusshborne, the leste of y=
500 tunnes.” And again, from the same to the same, he
speaks of his former letter and the “ goodly hulkes,” and
says, “ sithens that tyme I have stayed other too, which in
beautye and well appoynting are beyond the others. That
I have last stayed ys a shipe of 600 at the least, and hath
5 toppes, and she ys of the town of Dansick, and ladon in
Flanders for Lusshbourne.”

The importance of the mercantile shipping of England State of
during the fifteenth century must have been considerable. mercantile
About the middle of it flourished the celebrated William hiPping.

Canynge, a merchant of Bristol, who built the church of St:gm

Mary’s, Redcliff, in that city, in which church he was buried TIES

in 1474. This man appears to have been much in advance
of the rude times in which he lived. His mercantile trans-
actions were on 80 extensive a scale, and carried on in ves-
sels of such large size, that they must have had an import-
ant influence in improving the navies of the period. q(t) is
therefore not only as a fact of much historical interest, but
as one which is intimately connected with and most proba-
bly materially affecting our subject, that we shall dwell on
the information which has descended to us respecting him.
He was a great patron of the arts, a friend and protector of
genius, and eminent for his virtue and piety. From an in-
scription upon his tomb, a tradition has become current,
that Edward IV. took 2470 tons of shi;:ring from him, he
having ¢ forfeited the king’s peace ;” and for the obtaining
of which again, it is stated that Edward accepted these ships
instead of a fine of 3000 marks. The Itinerary of William
of Worcester, preserved in the library of Bennett College,
Cambridge, gives the names of Canynge’s vessels, amon

which are the Mary and John of 900 tons, Mary Redcliff of
500 tons, and Mary Canynge of 400 tons. The same au-
thority gives the names and tonnage of other large ships be-
longing to Bristol merchants, among which are the John, of
511 tons, and the Mary Grace, of 300 tons. If there be any
truth in the tradition of the confiscation of the shipping, it
is probable that the inscription on the tomb may refer to

" some act of Canynge’s in favour of the house of Lancaster,

as he appears to have enjoyed the favourable opinion of
Henry VI. Another account, which, it is said, is authenti-
cated by the original instrument in the Exchequer, states
that this Canynge assisted Edward IV. with a loan, and re-
ceived in return a license to have 2470 tons of shipping free
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History. of imposts. In Corry’s History of Bristol it is said,  the
\=—~ commerce and manufactures of Bristol appear to have made
considerable progress during the fifteenth century, about
the middle of which flourished the celebrated Canynge.
This extraordinary man employed 2853 tons of sh(i&ping
and 800 mariners during cight years. Two recommendatory
letters were written by Henry V1. in 1449, one to the mas-
ter-general of Prussia, and the other to the istrates of
Dantzic, in which the king styles Canynge his beloved emi-
. nent merchant of Bristol.”
Doubtsas  Some doubt must always remain as to the actual size of
to accuracy the shipping of this remote period, as we cannot ascertain
in estimat- the bul‘l)( that was then oonsidered as equivalent to a ton.
e 2% It is probable that the tonnage was estimated according to
P the number of butts of wine that a vessel could carry. For
we find references to ships sometimes by tonnage, and some-
times by the « portage” of so many butts.
This, however, is only a question as to exactness of size.
In whatever way measured, %mynge’s ships must have been
of very considerable dimensions. It is rather extraordinary,
that at the unsettled period in question Bristol should have
enjoyed such a state of commercial prosperity as the owner-
ship of such shipping as that enumerated by William of Wor-
cester necessarily involves. Bristol, for many centuries, was
only second in mercantile importance to London; but the
civil wars which distracted the kingdom during a great part
of the fifteenth century must have much retarded the in-
crease both of the military and the mercantile navy of Eng-
land ; and only when order was again re-established by the
Henry VIL accession of Henry VII. to the throne in 1485, ought we
to expect men’s minds to revert from the internal excite-
ment of party strife to external affairs.
Progress of In this interval, in which England was torn by the wars
naval im- of the houses of York and Lancaster, naval science had
provement. s de more rapid strides than in any previous period of si-
Compass. milar duration. The compass was not only known, but was
nerally adopted. Navigators could take observations by
Astrolabe, the use of an instrument called the astrolabe, invented by
the Portuguese. The Spaniards and Portuguese were suf-
ficiently advanced in the art of navigation to sail on a wind,
and their smaller vessels, at least, were adapted for this ma-
nceuvre. New maritime states had started into existence.
Nether« The Netherlands, until then scarcely known, was under the
lands. Duke of Burgundy, the most formidable naval power in the
north of Europe. “ His navy,” says Philip de Commines,
“ was 80 mighty and strong, that no man durst stir in thosc
narrow seas for fear of it, making war upon the king of
France’s subjects, and threatening them everywhere; his
navy being stronger than that of France and the Earl of
Venice. ~ Warwick joined together.” .Venice, in 1420, according to
Denina in his Revolutions of Italy, supported 3000 merchant-
ships, on board of which were 17,000 seamen. They em-
gl:iyed 800 sail of superior force, manned by 8000 seamen ;
forty-five carracks, with 11,000 men to navigate them
. and her arsenals employed 16,000 carpenters. Portugal had
pushed her discoveries round the Cape, and Spain had added
America to the world.
Portugal.  The progress of discovery by the Portuguese to the south
Spain.  and east, and by the Spaniards to the west, with the conse-
quent rapid increase in the importance of these two powers,
and the influence of their discoveries on the state of Europe,
renders the fifteenth century probably the most important
of modern history. In it was given the death-blow to the
increase of the Saracenic power, and to that of the Medi-
terranean states. The Turk, the Venetian, and the Genoese,
had hitherto been the monopolizers of the commerce of the
Passage  east. The discovery of the passage round the Cape of Good
round the Hope opened this trade to all nations. The commercial
ma‘o sceptre, and consequently the military sceptre, hitherto
P shared by the Turk, passed wholly from the infidel to the
believer. The crescent sank before the cross.

Therzvcan be no doubt, also, that the “tome?lm” of the History.
“ grdao Cabo de boa Esperaca,” were a means of great im- ~=
provement in naval architecture ; for we find, that in conse- Its “‘;.“;.
quence of the representations of Bartholomew Diaz, John II. ev:lce“chi_"
of Portugal ordered ships to be constructed for the especial tecture.
purpose of contending with the stormy seas of the Cape of
Good Hope. The ships were built to form the squadron
of Vasco de Gama, and were of small tonnage, from the
very proper idea that small vessels were more adapted to
prosecute researches in unknown seas than those of a large
size, and consequent increased draught of water.
The squadron of Vasco de Gama consisted of three ships s?“.dmn
and a caravella. One of the ships was of the burthen ofof Vasco de
two hundred tons, another one hundred and twenty, and Gama.
the third one hundred ; the caravella was of fifty tons. The
largest of the ships was a victualler ; the smallest was in-
tended to prosecute disoova’g up creeks and shallows ; and
the other was for a display of force. As it is evident that’
it was not increase of J)imensions which was to be the object
in designing new vessels, the direction of improvement must
have been towards perfecting their forms, strengthening their
frames, and adding to the e%ciency of their materiel. Por-
tugal by these means became the most advanced state of
Europe, in knowledge of the art of ship-building ; for we
find that it was long lu}l?osed that the passage to India re-
quired ships such as the Portuguese alone could build. Spain,
in her career of discovery, conquest, and colonization across
the mighty waters of the Atlantic, as if to assimilate the means
to the vastness of her achievements, rapidly acquired the art
of constructing ships of very large dimensions; and as long as
she d a marine, her ships maintained this superiority.
e have a curious instance of the light in which naval State of
enterprises were considered in England at this time, notwith- naval af-
standing the earnest desire of the monarch to re-establish fairs in
his navy, which had necessarily suffered from the long civil Ensland-
wars. There is a letter from Henry V1I. to the pope, pre-
served in the Cottonian Library, excusing himself from send-
ing succour against the Turk, from which the followil;ag is
a quotation. * The Galees commying from Vennes to Eng-
land be commonly vij. monethes sailying, and sometimes
more ;” and again, « it should be May or they should be
ready to saill, and it shall be the last end of Septembr or the
said shippes shuld passe the Streits of Marrok ; and grete
difficultie to fynde any Maryners hable to take the rule and
governance of the said shippes sailying into so jeopardous
and ferre parties.”
There 18 a drawing (Plate CCCCXLIX.) extant in the Henri
Pepysian Library in Magdalen College, Cambridge, of the Grace a
Henri Grace 3 Dieu, built by the order of Henry V?l., which Dieu.
Charnock has engraved in his History of Marine Architec-
ture, and arﬂ:en as to the general authenticity of the repre-
sentation. He says, “ this vessel may be termed the parent
of the British navy. This celebrated structure, the existence
of which is recorded in many of the ancient chronicles, cost
the king, by report, nearly 14-,0.22dpounds.”
From this drawing may be tr: the derivation of one or Early ori-
two names which have been preserved even to the presentgin of na-
hour ; as, for instance, the “ yard-arm,” no doubt from the ¥al terms.
ends of the yards being armed with an iron hook. The cas-
tellated work from which we have the term “ forecastle” is
earlier than this; and the buckler-ports are most probably
derived from a yet earlier period, when the bucklers of the
knights were ranged along the sides of the ship, as they
are represented in the illustrations of Froissart, and of the
early chroniclers, and even in the Bayeux Tapestry. Plate
CCCCXLV.
¢ The masts were five in number, inclusive of the bow-
:frit, an usage which continued in the first-rates without

teration till nearly the end of the reign of King Charles I. ;
they were without division, in conformity with those which
had been in unimproved use from the earliest ages. This
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inconvenience it was very soon found indispensably neces-
sary to remedy, by the introduction of separate joints, or
top-masts, which could be lowered in case of neeti.”

The drawing shows two tiers of ports. The introduction
of port-holes is said to be an improvement due to a French
ship-builder of Brest, named Igescharges, in the reign of
Louis XII., and about the year 1500. If the drawing be
authentlc, the correctness of this appropriation of the merit
of the introduction of port-holes may be questionable.

Again, if the drawing be a correct representation of the
vessel, she would have been in danger of upsetting, ex-
cepting in calm weather, and when her course was with the
wind. Infact, as yet the large ships of war of England were
not at all adapted to sail on a wind, and were very ill provid-
ed with such sails as would enable them to do so0 ; they had
therefore nothing to fear from the result of a measure which
could not be put into execution. The fleets of war of which
we have hitherto written seldom ventured out of port ex-
cepting in the summer months, and then only when the
wind was favourable to their intended course. But very
shortly after the date of the building of the Henri Grace a
Dieu, we shall find that great improvement took place, and
that in the reign of Henry VIII. there is evidence to prove
that sailing on a wind formed one of the qualities of the
vessels composing his fleets. This fact ap; to throw
some doubt upon the correctness of the drawing, for it
must have required ships widely different from any of which
that would at all give an idea, to have performed the evo-
lution of tacking or wearing ; and as the Henri Grace &
Dieu was in all ility the same ship that on the acces-
gion of Henry VIII. was called the Regent, she must have
formed one in fleets which were capable of performing
these manceuvres. It is true that she may have been alter-
ed to adapt her to these new requirenrents of an improved
system of seamanship ; and it must also be said, that sgle was
burned in an action with the French fleet, which occurred
as early as the fourth year of the reign of Henry VIIL

Though it is out of the question that ships with the en-
ormous top-hamper which, on the evidence of all the draw-
ings extant, still continued to be the fashion, could have
made much progress in sailing on a wind, the letters of the
time extant corroborate the statement we have made; for
they begin to contain references to this improvement in
navigation. In a letter from Sir Edward Howard, “ Lord
Admiral,” to King Henry VIII., upon the state of the fleet,
A. D. 1513, rved in the Cottonian Library, and pub-
lished in Ellig’s collection, we find the following passage:
“ Ye commanded me to send your grace word how every
shipp dyd. sail; and this same was the best tryall that
cowd be, for we went both slakyng and by a bowlyn, and
a cool acros and abouet in such wyse that few shippes
lakkyd no water in over the lee wales.” The Lord High
Admiral Lisle, in one of his letters (1545), says the small
vessels of his fleet could “lye best by a wynde;” and in 1567
we have conclusive proof that there were “ fore and aft,”
indeed “ cutter-rigged” vessels, on the British seas; as in
a map of Ireland of that date, published in the state-papers,
two such vessels are represented, for the purpose, apparent-
ly, of indicating regular packets from England toEIE:-eland.

It has been very generally supposed, on the authority of
Sir Walter Raleigh, that the “ knowledge of the bowline”
was a discovery in navigation made shortly before his time 3
but we think it is probable that there were, even from the
time of the Northmen, craft so rigged as to be capable of sail-
ing on a wind. Froissart mentions, in several instances, “ a
vessel called a Lin, which sails with all winds, and without
danger ;” and again, “ a vessel called a Lin, which keeps
nearer the wind than any other.” Boats with a rig adapted
for this manceuvre are also represented in engravings of a
very early date. In the plates of Breydenbach’s Voyage to
‘Pdest.ine, which was pubfi)ahed in 1488, boats and small ves-
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sels are represented with lateen sails ; and in Braun’s Cévi- History.
tates Orbis Terrarum, published in 1572, sprit-sails are “=—~—

met with, It is quite certain, however, that sailing on a
wind was by no means a general quality possessed by the
ships of war, or to any extent even by the greater portion
of the larger shipping, until about the reign of Henry VIIL
‘We shall adduce one other instance, in the account of the
loss of the Mari Rose, a ship of the “ portage of 500 tons,”
not so much to corroborate the fact of sailing on a wind, as
to show that the two innovations, the introduction of port-
holes, and the “knowledge of the bowline,” were, as we
have just said, in advance of the qualities of the large ships
of war of the time. Sir Walter Raleigh says that  in King
Henry VIII’s time, at Portsmouth, the Mari Rose, by a
little sway of the ship in casting about, her ports being
within sixteen inches of the water, was overset and lost.”

The loss of this ship has been the means of giving us an- Loss of the
other interesting insight into the comparatively low state of Mari Rose.

nautical skill in England at this period, namely, the middle
of the sixteenth century. In a letter among the state-
papers published under the direction of the Record Com-
mission, addressed by the Duke of Suffolk to Sir William
Pagett, « chief secretary to the kinge’s highnes,” dated the
23d of July 1545, and containing a schedule of things ne-
cessary to be had for the raising of the Mari Rose, one item
is « fifty Venyzian maryners and one Venyzian carpenter;”
the next item is ¢ sixty Englisshe maryners to attende upon
them.” It would also appear that the attempt was to be
made under the direction of an Italian, as the conclusion
of the schedule is, ¢ Item, Symond, petrone and master in
the Foyst, doth aggrie that all thyngs must be had for the

urpose aforesaid.” The attempts however all failed ; the
wreck of the Mari Rose remains to this day at Spithead,
and so lately as August 1836, several of her brass cannon,
of most exquisite workmanship, were recovered from the
sea by the enterprise and ability of an Englishman of the
name of Deane.

We may obtain some idea of the detail of ship-building Minutie of
rather before this period, from an account of a vessel builtship-build-
by James IV. of Scotland, at the close of the fifteenth ori"g at this

the beginning of the sixteenth century. The extract is
from Charnock, but he has not mentioned his authority.
« The king of Scotland rigged a great ship, called the Great
Michael, which was the largest and of superior strength to
any that had sailed from England or France; for this ship
was of so great stature, and took so much timber, that, ex-
cept Falkland, she wasted all the woods in Fife which were
wood, with all timber 'that was gotten ‘out of Norway ;
for she was so strong, and of so great length and breadth,
all the wrights of Scotland, yea, and many other strangers,
were at her device by the king’s command, who wrought
very busily in her; but it was a year and a day ere she was
completed. To wit, she was twelve score foot of length,
and thirty-six foot within the sides; she was ten foot thick
in the wall and boards, on every side so slack and so thick
that no cannon could go through her. This great ship
cumbred Scotland to get her to sea. From that time that
she was afloat, and her masts and sails complete, with an-
chors offering thereto, she was counted to the king to be
thirty thousand pounds expense, by her artillery, which was
very great and costly to the king, by all the rest of her or-
ders. To wit, she bare many cannon, six on every side,
with three great bassils, two behind in her dock and one
before, with three hundred shot of small artillery, that is to
say, myand and batterd falcon, and quarter falcon, flings,
pestilent serpentens, and double dogs, with hagtor and cul-
vering, corsbows and handbows. She had three hundred
mariners to sail her, she had six score of gunners to use
her artillery, and had a thousand men of war, by her cap-
tains, shippers, and quarter- masters.”
Several of the writers of this period mention the fact of a
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History. Swedish ship of extraordinary dimensions built in the middle
=~ of the sixteenth century, and which was burned in an action
i‘:hg:hsiwe'between the Swedes and Danes in 1564. Chapman has

P aiven an estimate of the dimensions of this vessel. She was
called the Makalos (by Charnock, Megala). According to
Chapman, she was 168 English feet in length and forty-three
English feet in breadth, an immense vessel for that period.
Her armament was 173 guns, sixty-seven only of which could
be considered as cannon, the remainder being merely swivels.

Royal We find that Henry VIII., deeply sensible of the ne-
dock-yards. ceggity of a permanent and powerful naval force, estab-
lished the navy-office, and also several dock-yards for build-
ing and repairing the ships of the royal navy. Among
these were Woolwich, Deptford, and Chatham. He also
greatly added to and improved the dock-yard at Ports-
mouth. He invited from foreign countries, particularly
from Italy, the commercial cities of which were still in ad-
vance of the rest of Europe in the maritime arts, as many
skilful foreigners as he could allure, either by the hope of
gain, or by the honours and distinguished countenance he
paid to them. The following extract is from a report made
to James I. in the year 1618, and published in the Archeeo-
logia. It was made in answer to a commission issued by
that monarch to the several master-builders. The date of
the report is rather in advance of our history ; but we in-
sert it here because the information it contains is of the
time on which we are writing; as, while it confirms the
statement we have just made, it informs us on the force of
the royal navy during the reigns of Edward and of Mary,
the period at which we have now arrived.

The minority of Edward VI, and the civil and religious
strife which distracted the kingdom during the reign of
Mary, depressed the resources of the state, and evidently
much checked the {Progress of its maritime strength. The
report says, “In former times our kings have enlarged
their dominions rather by land than sea forces, whereat
even strangers have marvelled, considering the many ad-
vantages of a navy ; but since the change of weapons and
fight, Henry VIII., making use of Italian shipwrights, and
encouraging his own people to build strong ships of war,
to carry great ordnance, by that means established a puis-
sant navy, which in the end of his reign consisted of seventy
vessels, whereof thirty were ships of burthen, and contain-
ed in all 10,550 tons, and two galleys. The rest were small
barks and row-barges, from eighty tons downwards to fif-
teen tons, which served in rivers and for landing of men.
Edward VI, in the sixth year of his reign, had but fifty-
three ships, containing in all 11,005 tons, with 7995 men,
whereof only twenty-eight vessels were above eighty tons
each. Queen Mary had but forty-six of all sorts.”

Defects of  There is one peculiarity about the fleets of this time,
the ships of which exemplifies the defects of their design in a very re-
this pericd markable feature. It is, that the ships built for the royal
navy appear only to have been adapted for the lodgment of
the soldiers and mariners, with their implements of war,
and the necessary stores for navigation. The provisions
were carried in an attendant vessel, called a ¢ victualler,”
of which there was one attached to each of the large ships
of war in the fleet, or to several of the smaller size. The
hold appears to have been principally occupied by the ¢ cook-
room,” the inconvenience of which arrangement, though
much complained of, was general when Sir Walter Raleigh,
in his Discourse on the Royal Navy and Sea-Service, re-
commended that it should be removed to the forecastle ;
and even so lately as 1715, several men of war had « cook-
rooms” in their holds. There is also no doubt that the enor-
mous quantity of ballast which was rendered necessary by
the immense top-hamper of these ships, and the space which
it occupied from being shingle, left but little room for the
stowage of any quantity of provisions. In the ships built
for commerce, this defect does not appear to have existed,

EdwardV].

as in fleets composed of the king’s and of private shipping, History.
those ships only which belonged to the royal navy had these ="~
attendant victuallers. We also know that the cook-rooms

in the merchant-shipping were under the forecastle; and

they had less top-hamper, as less accommodation was requir-

ed for officers. )

Although we may comment on the comparative inefficien- Epoch in
cy of the vessels, we cannot but ive that we have en-navalarchi-
tered that period in the history of naval architecture and oftecture-
navigation, in which, though still in their infancy, these arts
may be considered as perfect in all but the maturity to be
acquired by the experience of years. The mariners com-

was known; the theory of taking observations was un-
derstood, and the practice of it in the course of being per-
fected ; and theret‘:)re the longest voyages could be under-
taken with comparative certainty dnd safety. Besides this,
theships, though still img}erfect, were becoming gradually ma-
nageable machines, and had ceased to be the cumbrous masses
of the preceding ages, which, with few exceptions, were
capable of little more than of being driven before the wind.

If we consider the contents of the foregoing there Three
will appear to be three epochs in the maritime history of® n
England ; the first commencing with the introduction ofh:wmh‘:_'
galleys by Alfred, and ending with the reign of Edward IIL., yory of
before whose time these galleys and vessels propelled by England.
oars were the chief instruments of navigation ; the second
ending with the reign of Henry VII,, during which period,
though sailing vessels were used for the purposes both of
war and commerce, they were comraraﬁvely at the mercy
of the winds, and, speaking generally, could sail only when
they blew both fairly and gently ; the third epoch we have
already noticed. And henceforward we find the sister arts
of navigation and naval architecture, if not always making
rapid progress towards their present improved state, at least
with no existing impediment to their advance towards that
comparative perfection.

We have seen, from the extract of the report of the Elizabeth.
builders, the state of the navy during the reigns of l'ld-g""“?““""ll
ward V1. and of Mary. We know, therefore, that when Eliza- penish Ar-
beth ascended the throne, the marine of England, both mi-
litary and mercantile, was in a very depressed state. The
successful enterprise of Drake, and the fear of the Spanish
Armada, aroused the energies of the country, and the force
collected to resist the invasion amounted to 197 vessels of
various descriptions, of the aggregate butthen of nearly
80,000 tons; thirty-four of which, measuring together
12,600 tons, composed the royal navy. It is true, that by
far the larger portion were of small force. One only, the
Triumph, was of 1100 tons ; another, the White Bear, was
of 1000 tons ; two were of 800 tons, three of 600, six of
500, and five of 400; sixty-six were under 100 tons; and
fifteen were victuallers, of which the tonnage is not men-
tioned. There are also seven other vessels included in the
197, which have no tonnage assigned them ; but they must
have been of small size, the number of mariners on board
the whole seven being only 474. We have very conclusive
means of comparing the Spanish with the English ships, and
also of judging how very little naval arrangements were
then understood, from their imperfect state even on board
a fleet which had occupied the whole attention of the
Spanish authorities for a space of three years, exemplified
in the following anecdote ; Burchett, in his account of the
action of the 23d of July 1588, says, ¢ The great guns on
both sides thundered with extraordinary fury, but the shot
from the high-built Spanish ships flew over the heads of the
English without doing any execution ; one Mr Cock being
the only Englishman who fell, while he was bravely fighting
against the enemy in a small vessel of his own.” .

The Spaniards appear to have been the first to introduce Three-

a third tier of guns, the earliest mention of a three-decker decked
being the Philip, a Spanish ship engaged in the action *hiPé
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History. off the Azores in 1591, with the Revenge, commanded by
==y~ Sir Richard Greenvil. The following armament of the

Philip is extracted from a most spirit-stirring account of this
tremendous action, which was written by Sir Walter Raleigh,
and has been preserved by Hackluyt. ¢ The Philip carried
three tire of ordnance on a side, and eleven pieces in euerie
tire. She shot eight forth right out of her chase, besides
those of her stern portes.”

We do not appear to have followed the example set by
the Spaniards; for, during the long reign of Elizabeth, the
ships of the royal navy were not much, if at all, increased in
their dimensions, which was probably owing to the triumph-
ant successes of her fleets, though, as we have seen, they
were composed of ships generally much smaller in size than
those opposed to them. We find from the list of the royal
navy at the time of her death, in 1603, given by Sir William
Monson in his tracts, that of forty-two ships composing the
navy, there were then only two ships of 1000 tons, three of
900, three of 800, two of 700, four of 600, four of 500, and
there were eight under 100 tons burthen. Two of these
ships, the Triumph and the White Bear, are rated in this
list each at 100 tons less burthen than in the list of the
fleet in the year 1588, which we have already noticed.

Shortly r the accession of James to the throne, seve-
ral commissions were appointed to inquire into the state of
the navy. From that of the year 1618, a very voluminous
report emanated, of which the following is an extract, that

ords an example of the state of knowledge on naval archi-
tecture at that time. ¢ The next consideration is the man-
ner of building, which in shipps of warr is of greatest im-
portance, because therein consists both their sayling and
force. The shipps that can saile best can take or ieave (as
they say), and use all advantages the winds and seas does
afford; and their mould, in the judgment of men of best
skill, both dead and alive, should have the length treble to
the breadth, and breadth in like proportion to the depth,
but not to draw above sixteen foote water, because deeper
shipps are seldom good saylers,and ever unsafe for our rivers,
and for the shallow harbours, and all coasts of ours, or
other seas. Besides, they must bee somewhat snugg built,
without double gallarys, and too lofty upper workes, which
overcharge many shipps, and make them coome faire, but
not worke well at sea.

¢ And for the strengthening the shipps, wee subscribe to
the manner of building approved by the late worthy prince,
the lord admu., and the officers of the navy (as wee are in-
formed), on those points.

“ 1. In makeing 3 orlopes, whereof the lowest being
placed 2 foote under water, both strengtheneth the shipp,
and- though her sides bee shott through, keepeth it from
bildgeing by shott, and giveth easier meanes to finde and
stopp the leakes.

2. In carrying their orlopes whole floored throughout
from end to end, without fall or cutting off y* wast, which
only to make faire cabbins, hath decayed many shipps.

“ 8, In laying the second orlope at such convenient
height that the portes may beare out the whole fire of or-

inance in all seas and weathers.

“4. In placcing the cooke roomeés in the forecastle, as
otherr war shipps doe, because being in the midshipps, and
in the hold, the smoake and heate soe search every corner
and seame, that they make the okam w out, and the
shipps leaky, and soone decay ; besides, the best roome for
stowage of victualling is thereby soe taken up, that trans-
porters must be hyred for every voyage of any time ; and,
which is worst, when all the weight must bee cast before
and abaft, and the shipps are left empty and light in the
midst, it makes them apt to sway in the back, aa the Guard-
land and divers others have done.”

This commission was followed by several others during

-this and the succeeding reign, and from their reports arose

many regulations tending much to the improvement of the History.
navy, although the expenses incurred were, ostensibly at ~=—v—~~
least, in part the means of causing the subsequent revolution.

In the early part of the Zign of James 1. the mercantile Mercantile
navy of England was reduced to a very low state, most of shipping of
the commerce being carried on in foreign bottoms. The this period.
incitement offered by the advantageous trade which the
Dutch had long engaged in to India at length aroused the
nation, and the formation of the East India Company, which
was the act of James, was followed by the building of the
largest ship that had yet been constructed for the purposes
of commerce, at least in England. The king dined on board Trade’s In-
of her, and gave her the name of the Trade’s Increase. She is crease.
reported to have been of the burthen of 1200 tons. The im-
petus once given, before the end of the reign of James an
important mercantile navy was owned by British merchants.

Another interesting fact connected with this reign is the Ship-
founding of the Shipwrights’ Company, in the year 1605, Wrights’
and which was incorporated by a charter granted to the Compe»y-
¢ Master, Warden, and Commonality, of the Art or Mys-
tery of Shiﬁwright.s,” in May 1612. Mr Phineas Pett, of
whom we shall presently s was the first master. The
draughts for the ships of the royal navy were subsequently Draunghts
ordered to be submitted to this company for approval pre-of ships of
viously to being built from. They also had juriyfiction over Tyl navy.
allbuilders, whether of the royal navy or of merthant shipping.

In 1610 the Royal Prince was launched ; she was the Royal
largest ship which at that time had been built in England, Prince.
mf was also a most decided improvement in naval archi-
tecture. The great projection of the prow, a remnant of
the old galley, was for the first time discontinued, and the
stern and quarters assimilated more to those of a modern
ship than to any which had preceded her. She is thus de-
scribed in Stow’s Chronicles: A most goodly ship for warre,
the keel whereof was 114 feet in length, and the cross beam
was 44 feet in length ; she will carry 64 pieces of ordnance,
and is of the burthen of 1400 tons. The great workmaster
in building this ship was Master Phineas Pett, Gentleman,
some time master of arts at Emanuel College, Cambridge.”

The same gentleman, Mr Phineas Pett, continued the Phineas

rincipal engineer of the navy during the reign of Charles. Pett.

he family of the Petts were the great instruments in the
improvement of the navy, and, if the term may be allowed,
of modernizing it, by divesting the ships of much of the
cumbrous top-hamper entailed on them from the castellat-
ed defences which had been necessary in, and which yet
remained from, the hand-to-hand encounters of the middle
ages ; and it is probable that, but for the taste for gorgeous
decoration which prevailed during the seventeenth century,
this ingenious family would have been able to effect much
more ; as it was, t{ey decidedly rendered England pre-
eminently the school for naval architecture during the time
they constructed its fleets. This family can be traced as The Petts.
principal engineers for the navy from about the middle of '
the fifteenth century to the end of the reign of William 111.

Evelyn, in his Diary, relating a conversation, says, “ Sir First fri-
Anthony Deane mentioned what exceeding advantage we gate.
of this pation had by being the first who built frigates, the
first of which ever built was that vessell which was after-
wards called the Constant Warwick (built in 1646), and was
the work of Pet of Chatham, for a trial of making a vessell
that would sail swiftly. It was built with low decks, th;lfuns
lying near the water, and was so light and swift of sailing,

t in a short time she had, ere the Dutch war was ended,
taken as much money from privateers as would have laden
her.” The dimensions of this vessel are given in Pepys’s
Miscellanies as follows: Length of the keel eighty-five feet,
breadth twenty-six feet five inches, depth thirteen feet two
inches, and 815 tons burthen; her « highest number of
guns” thirty-two, and of crew 140.

Peter Pett, who built the Constant Warwick, was the son Peter Pett.
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History. of Phineas Pett. He caused the fact of his being the in-
~=—~—== ventor of the frigate to be recorded on his tomb. He was
First three- 515 the builder of the Sovereign of the Seas, in 1687, which

was the first three-decker built in England. Her length
over all is stated to have been 232 feet, her length of keel
128 feet, her main breadth forty-eight feet, and her tonnage
1637. Heywood describes her in the following terms: ¢“She
hath three flush deckes and a forecastle, an halfe decke,
a quarter decke, and a round-house. Her lower tyre hath
thirty ports, which are to be furnished with demi-cannon
and whole cannon throughout, being able to beare them.
Her middle tyre hath also thirty ports for demi-culverin
and whole culverin. Her third tyre hath twentie-sixe ports
for other ordnance. Her fbrecastle hath twelve ports, and
her halfe decke hath fourteene ports. She hath thirteene
or foureteene ports more within board for murdering peeces,
besides a great many loope-holes out of the cabins for mus-
ket shot. She carrieth, moreover, ten peeces of chase ord-
nance in her right forward, and ten right aff; that is, ac-
cording to land service, in the front and the reare. She
carrieth eleaven anchors, one of them weighing foure thou-
sand’ foure hundred, &c.; and according to these are her
cables, mastes, sayles, cordage, which, considered together,
seeing Majesty is at this infinite charge, both for the ho-
nour of his nation, and the security of his kingdome, it
should bee a spur and encouragement to all his faithful and
loving subjects to bee liberall and willing contributaries to-
wards the ship money.” Plate CCCCXLIX.

Of this ship, Fuller, in his Worthies, says, “ The Great
Sovereign, built at Woolwich, a leiger ship for state, is the
greatest ship our island ever saw; but great medals are
made for some grand solemnity, while lesser coin are more
current and passable in payment.” She was afterwards cut
down one deck, and remained in the service, with the cha-
racter of the best man-of-war in the world, until the year
1696, when she was accidentally burnt at Chathamn.

Sir Walter ~ About this time, 1650, appeared the first work connected
Raleigh’s with naval improvement ever written in this country, and

works :

Invention

of Ship-

by no less celebrated an author than Sir Walter Raleigh.
It is very probable that his two discourses, the one on the

ping; Con- Invention of Shipping, the other Concerning the Royal
cerning the Navy and Sea-Service, had great influence in creating the
Pnodyﬂls“ avyinterest which was evidently taken about this period in the

Service.

improvement of the navy. Sir Walter says, ¢ Whosoever
were the inventors, we find that every age had added some-
what to ships and to all things else. And in my owne time
the shape of our English ships bath been greatly bettered.
It is not long since the striking of the top-mast (a wonder-
fully great ease to great ships both at sea and harbour) hath
been devised. Together with the chaine-pumpe, which takes
up twice as much water as the ordinary did, we have lately
added the bonnett and the drabler. To the courses we have
deviged studding-sayles, top-gallant-sayles, sprit-sayles, top-
sayles. The weighing of anchors by the capstane is also
new. We have fallen into consideration of the length of
cables, and by it we resist the malice of the greatest winds
that can blow ; witnesse our small Milbroke men of Corne-
wall, that ride it out at anchor half seas over betweene Eng-
land and Ireland all the winter quarter ; and witnesse the
Hollanders that were wont to ride before Dunkirke with
the wind at north-west, making a lee-shore in all weathers ;
for true it is that the length of the cable is the life of the
ship in all extremities ; and the reason is, because it makes
so many bendings and waves as the ship riding at that
length is not able to stretch it, and nothing breaks that is

“ We have added crosse pillars in our royall ships to History.

strengthen them, which being fastened from the kelson to the
beams of the second decke, keepe them from setling or from
giving away in all distresses.

“ We have given longer floares to our ships than in elder
times, and better bearing under water, whereby they never
fall into the sea after the head, and shake the whole body,
nor sinck sterne, nor stoope upon a wind, by which the
breaking loose of our ordnance, or the not use of them,
with many other discommodities, are avoided. And to say
the truth, a miserable shame and dishonour it were for our
shipwrights, if they did not exceed all other in the setting
up of our royall ships, the errors of other nations being farre
more excusable than ours. For the kings of En lmg have
for many years been at the charge to build and furnish a
navy of powerfull ships for their owne defence, and for the
wars only ; whereas the French, the Spainards, the Portu-

lls, and the Hollanders (till of late), E:ve had no proper

eete belonging to their princes or states.

“ Only the Venetians for a long time have maintained
their arsenal of gallyes, and the kings of Denmark and
Sweden have had good ships for these last fifty years. I say,
that the forenamed kings, especially the Spainards and Por-
tugalls, have ships of great bulke, but fitter for the mer-
chant than the man of warre, for burthen then, for battaile.
...Although we have not at this time 135 ships belong-
ing to the subjects of 500 tuns each ship, as it is said we
had in the 24th yeare of Queen Elizabeth, at which time
also, upon a generall view and muster there were found in
England, of all men fit to beare arms, eleaven hundred and
seventy-two thousand ; yet are our merchants’ ships now
farre more warlike and better appointed than they were,
and the royal navy double as strong as then it was....We
have not therefore lesse force than we had, the fashion and
furnishing of our ships considered ; for there are in England
at this time 400 saile of merchants fit for the wars, which
the Spainards would call gallions ; to which we may add 200
saile of crumsters or hoyes, of Newcastle, which each of
them will bear six demi-culverins, and foure sakers, needing
no other addition of building than a slight spar-decke fore
and afte, as the seamen call it, which is a slight decke
throughout. The 200 which may be chosen out of 400, by
reason of their ready staying and turning, by reason of their
windwardnesse, and by reason of their drawing of little water,
and they are of extreame vantage neere the shoare, and in
all bayes and rivers to turn in and out ; these, I say, alone,
well manned and well conducted, would trouble the greatest
prince in Europe to encounter in our seas; for they stay and
turn so readily, as, ordering them into small squadrons, three
of them at once may give their broad-sides upon any one

eat ship, or upon any angle or side of an enemy’s fleet.
ghey shall be able to continue a perpetuall volley of demi-
culverins without intermission, and either sink or slaugh-
ter the men, or utterly disorder any fleete of cvosse sailes
with which they encounter.

¢ I gay, then, if a van be ordained of these hoyes,
who will easily recover the wind of any other ships, with a
battaile of 400 other warlike ships, and a reare of thirty of
his majestie’s ships to sustaine, relieve, and countenance the
rest (if God beat them not), I know not what strength can
be gathered in all Europe to beat them. And if it be ob-
jected that the states can furnish a farre greater number, I
answer, that his majestie’s forty ships, added to 600 before
named, are of incomparable greater force than all that Hol-
land and Zeeland can furnish for wars.”

not stretched. In extremity, we carry our ordnance better
than we were wont, because our nether-overloops are raised
commonly from the water, to wit, betweene the lower part
of the port and the sea. We have also raised our second
decks, and given more vent thereby to our ordoance, tying
in our nether-overloope.

In the foregoing extract, we have strong evidence tha.tsu[,. of
the ships of the royal navy were generally inferior to thoseroyal navy
employed by the merchant-service, in the essential qualifi-inferior to
cations of being weatherly. This is exactly the conclusionmerchant=
that might be arrived at from the consideration, that a pri-
vate individual would dispense with all that superabundance
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which was entailed on the ships of the royal
e accommodation required for the numerous
officers and gentlemen generally embarked on board them,
and also by the mania for gorgeous decorations. This mania
is well exemplified by the fact, that of the Sovereign of
the Seas it is stated, “ she beareth five lanthornes, the
bigﬁeat of which will hold ten persons to stand upright, and
without shouldring one another.” ’

Sir Walter Raleigh, in his Discourse on the Royal Navy
and Sea-Service, adverts to the same subject. He says,
“ We find by experience, that the greatest shiYs are lesse
serviceable, goe very deep to water, and of marvellous charge
aud fearefull cumber, our channells decaying every yeare.
Besides, they are lesse nimble, lesse maineable, and very
seldome imployed. Grande navio, grande fatica, saith the
Spainard ; a ship of 600 tons will carry as good ordnance as
aship of 1200 tons; and though the greater have double the
number, the lesser will turne her broad sides twice before
the greater can wend once; and 8o no advantage in that
overplus of ordnance. And in the building of all ships,
these six things are princzﬁally required. 1. First, that she
be strong built ; 2. Secondly, that she be swift ; 3. Thirdly,
that she be stcut sided ; 4. Fourthly, that she carry out her
guns all weather; 5. Fifthly, that she hull and try well,
which we call a good sea ship ; 6. Sixthly, that she stay
well when bourding and turning on a wind is required.

“ 1. To make her strong, consisteth in the truth of the
workeman and the care of the officers.

“ 2. To make her sayle well, is to give a long run for-
ward, and so afterward done by art and just proportion. For,
as in laying out of her bows before, and quarters behind,
she neither sinck into nor hang in the water, but lye cleare
off and above it; and that the shipwrights be not deceived
berein (as for the most part .they have ever been), they
must be sure that the ship sinck no deeper into the water
than they promise, for otherwise the bow and quarter will
utterly spoile her sayling.

«8, t she be stout, the same is provided and per-
formed by a long bearing floore, and by sharing off above
water even from the lower edge of the ports.

“ 4, To carry out her ordnance all weather, this long
bearing floore, and sharing off from above the ports, is a
chiefe cause, provided alwayes that your lowest tyre of ord-
nance must lye foure foot cleare above water when all load-
ing is in, or else those your best pieces will be of small use
at the same in any growne weather that makes the billoe to
rise, for then you shall be enforced to take in all your lower
ports, or else hazard the ship.

¢ 5, To make her a good sea ship, that is, to hull and trye -

well, there are two things specially to be observed ; the one
that she have a good draught of water, the other that she
be not overcharged, which commonly the king’s ships are,
and therefore in them we are forced to lye at trye with our
maine course and missen, which, with a deep keel and
standing streake, she will performe.

¢ 6. The hinderance to stay well is the extreame length
of a ship, cially if she be floaty and want sharpnesse of
way forwards ; and it is most true, that those over-long shi
are fitter for our seas than for the ocean ; but one hundred
foot long, and five and thirty foot broad, is a good proportion
for a great ship. It is a speciall observation, that all ships
sharpe before, that want a long floore, will fall roughly into
the sea, and take in water over head and ears.

“So will all narrow quartered ships sinck after the tayle.
The high charging of ships is it that brings them all ill qua-
lities, makes them extreame leeward, makes them sinck
deep into the water, makes them labour, and makes them
overset. Men may not expect the ease of many cabbins,
and safety at once, in sea-service. Two decks and a half is
sufficient to yield shelter and lodging for men and mariners,
and no more charging at all higher, but only one low cab-
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bin for the master. But our marriners will say, that a ship History.

will beare more charging aloft for cabbins, and that is true,
if none but ordinary marryners were to serve in them, who
are able to endure, and are used to, the tumbling and rowl-
ing of ships from side to side when the sea is never so little
growne ; but men of better sort and better breeding would
be glad to find more steadinesse and lesse tottering cadge
work. And albeit, the marriners doe covet store of cab-
bins, yet indeed they are but sluttish dens, that bread sick-
nesse in peace, serving to cover stealths, and in fight are
dangerous to teare men with their splinters.”

In Fuller’s Worthies, we have also a short summary of Fuller's
the comparative qualities of the ships of different nations in Worthies,

the middle of the seventeenth century. It is as follows:
« First, for the Portugal, his carvils and caracts, whereof
few now remain l(‘the charges of maintaining them far ex-
ceeding the profit they bring in); they were the veriest
drones on the ses, the rather because formerly their seeling
was dam’d up with a certain kind of morter to dead the shot,
a fashion now by them disused.

¢ The French, however dexterous in land-battles, are
left-handed in sea-fights, whose best ships are of Dutch
building. The Dutch build their ships so floaty and buoy-
ant, they have little hold in the water in comparison to ours,
which keep the better winde, and so outsail them.

“ The Spanish pride hath infected their ships with lofti~
ness, which makes them but the fairer markes to our shot.
Besides, the winde hath so much power of them in bad
weather, so that it drives them two leagues for one of ours
to the leeward, which is very dangerous upon a lee shore. ;

« Indeed the Turkish frigots, especially some thirty-six
of Algier, formed and built much nearer'the English mode,
and manned by renegadoes, many of them English, being
already too nimble heel’d for the Dutch, may hereafter

_ prove mischievous to us, if not seasonably prevented.”

During the early part of the seventeenth century, the Rise of
Dutch navy rapidly increased in importance. Their suc- Dutch na.
cess in having wrested from the Portuguese a share of the val Power.

commerce of the east, emboldened them, in the then de-
pressed state of the Spanish marine, to make a similar at-
tempt on the west, and endeavour to establish settlements
in South America.

The wars with Spain, in which they were consequently
engaged, had such an important effect in establishing their
maritime power, that in 1650 their navy consisted of 120
vessels fitted for war, seventy of which had two tiers of
guns; and their fleet was in all respects the most efficient
in Europe.

Evelyn, in his tract on Navigation and Commerce, speak- Evelyn's
ing of the fisheries, says, “ Holland and Zeeland alone Naviga-
ghould, from a few de?imb]e boats, be able to set forth 20“ and

above 20,000 vessels o
which more than 7000 are yearly employed upon this oc-
casion. ’Tis evident that by this particular trade they are
able to breed above 40,000 fishermen and 116,000 mari-
ners, as the census (1639) has been accurately calculated.”
The tremendous struggle in which they were enabled by
these means to engage with us shortly after this period, in
consequence of the injurious operation of the navigation act
on their commerce, had a most influential effect on the im-
provement of our navy, which at the commencement of the
contest was very unequal to that of the Dutch; and it is
le that this war was the means of enabling us to con-

tend triumphantly against the immense and unexpected at-
tempts of £ouis XIV. to wrest the sceptre of the seas from

all sorts, fit for the rude seas, ofm::&

our %mp.
The sovereigns of the house of Stuart, without excep- Charles L

tion, appear to have devoted much attention to the improve-
ment of the navy. Charles I. may be almost said to have
lost both crown and life in consequence of these efforts ;
nor would it be doing justice to Cromwell to omit mention
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History. of the energy with which he took advantage of the all but
==~ despotic power whichhe lpouued to increase his naval force.
For this purpose not only many shipe were built during the
protectorate, but numbers of merchant-vessels were bought

for the service of the state.
Charles II.  After the restoration, Charles IL. paid great personal at-
His perso- tention even to the minutiee of his navy, as we find by the
nal stten- following curious extract from a lecter of his to Prince Ru-
:'h‘;;.;"’ﬁu_ pert, preserved in the state-papers, and llﬂ(: by continual
ing and  Teferences to his naval predilections in Evelyn’s and Pepys's
naval aft Memoirs and writings. The letter is dated 4th August
fairs. 1673. It says, « I am very glad the Charles does so well ;
a gerdeling this winter when she comes in will make her the
best ship in England ; next summer, I believe, if you try
the two sloops tiat were builte at Woolidge that have my
invention in them, they will outsail any of the French sloops.
Sir Samuel Mooreland has now another fancy about weigh-
ing anchors ; and the resident of Venice has made a model
also to the same purpose. We have not yet consulted them
with Mr Tippet nor Mr Deane; but hope when they are
well considered, we may find ane out of them that will be

good.
Sir Antho-  In Pepys’s Diary, 19th May 1666, we find the following
ny Deane. potice relating to one of the gentlemen mentioned in the
above letter : “ Mr Deane and I did discourse about his
ship the Rupert, which succeeds so well, as he has got great
honor by it, and I some by recommending him. The Eng,
duke, and every body, say it is the best ship that was ever
built. And then he fell to explain to me his manner of
casting the draught of water which a ship will draw before-
hand, which is a secret the king and all admire in him ; and
he is the first that hath come to any certainty beforehand
of foretelling the draught of water of a ship before she be
First ap- launched.” This gentleman appears therefore to have been
plication of the first who applied mathematical science to naval archi-

SHIP-BUILDING.

We have hitherto in our historical sketch several times Ristory.

adverted to the probability that the merchant-shipping of ;“‘v“’
England were superior in their sea-going qualities to those smf‘"
eompooing the royal navy. Ina « gwcuune touching the ¥
Past and Present State of the Navy,” ty Sir Robert Slinge-
by, knight-baronet, and comptroller of the navy, dated 1669,
we have the following interesting statement, which points
to a reason why this superiority of the merchant-shipping
may have existed. “ But since these late distractions be- Decay of
gan at home” (the Commonwealth), * forreigne trade de-mercantile
cayed, and merchants so discouraged from building, that®*"):
there hath been scarce one good merchant-ship built these
twenty years past ; and of what were then in being, either by
decayes or accident, there are very few or none remaining.
The merchants have found their private conveniences in
being convoyed att the publick charge ; they take noe care
of making defence for themselves if a warr should happen.”
Yet he says in the time of Charles I. ¢ the merchants con-
tinued their trade during the wars with France and Spain,
if there could but two or three consort together, not care-
ing who they met,” they being little inferior in strength or
burthen to the ships of the royal navy. The Discourse ex-
presses much regret at this decay in the importance of the
mercantile shipping, and recommends that measures should
be taken to check the evil.

About 1684 Sir Richard Haddock, comptroller of the Sir Rich
navy, adopted the example already set by Mr, afterwardsard Had.
Sir Anthony Deane, and directed an inquiry to be made asdock-
to « the number of cube feet that are contained in the First ans-
bodyes of several draughts to their main water-line, when lysis of the
all materialls are on board fitt for saileing.” The result ofoyalnavy.
this inquiry was a very voluminous statement of the weights
which made up the whole displacement of the fourth, fifth,
and sixth rate ships, including minute details of their masts,
yards, armament, &c. accompanied by perfect drawings of

:'.l‘;‘:’z"l":;_ tecture in this country. Pepys also says, « another great each ship. The original document is now in the ion
lation to _ 8tep and improvement to our navy, put in practice by Sir An- of the writer of this article, having successively belonged
naval ar- thony Deane,” was effected in the Warspight and Defiance, to Sir Jacob Ackworth, Sir Jacob Wheate, and Mr Edward
chitecture. which were “ to carry six months’ provisions, and their Hunt. The following table contains the dimensions and
to lie 4} feet from the water.” This was in 1665. displacements, &c. of each class.
Table of Dimensions, from a Manuscript dated 1684.
A it Fourth- | (0050%re | A Fitth.rate of |Asizne | o g,
rate near the " A First Sixth- | A Second Sixth- rate of the
e | noar e dimey | e g - | 4L " g | 2 o e
venture. :
tgngth h deck fr he rabb Feet. In. Foet. In. Feet. In. Feet. In. Feet. In. Feet. In.| Feet. In.
on the gun om the itt
of the stem to the rabbitt of the post 1M ¢ 116 6 103 9 87 8 709 922 6 830
M:.i.'iio'.’,'fi“‘l’,ﬁ’ui‘l..'fi.‘.’.'ff.'.’ff..i’f.ff’f %0 | 9 | 2Ws | W6 | N 36 N
Depth in bold from the seeling to the
upper side of the beame.....ceevrvver 1o 13 2 s 109 R I
Breadth at the afle side of the maine} | o) 18 4 18 o Moo 130 [140150
. N afore......., 5 9 6 0 5 9 b 7 8 6 . .o
Height on the gun-deck from J 1 4,pips.] 6 0 6 0 6 0 .
PIANKE..ccccese { ghafte.... .4 66 6 3 6 7 6 3 6 2
The center { fore:--- mast from the 13 6 12 9 9 10 76 6 6 10 0| 9 6
¢ the. .3 maine.. & rabbitt of the 6 0 62 0 54 6 4 0 3 0 |80 0|49 6
ot Hh€eees ( mizion. stern.f 102 o 96 9 84 0 71 0 57 0 z: 074 0
ore.... 14 @6 13 6 12 0 9 8 8 6 ‘0 8 0
Draft of water.....cceeeeveeneecan abaft . 15 10 15 0 13 0 10 8 9 6 Hol| 9o
Number of tuns, tunage......c.cceeueeraneee 885 580 362 230 230
Number of men (in WaIT)...cccocseesneeenens 260 180 135 85 70 90 20
Number ofguns........;;i.ﬁ .............. 80 44 34 24 18 22 24
Cube feet in the seve! ughts to
their main Water Hne....seuuseerrreens 29,814 22,346 13,105 8906 e
., Ts. ct. qr. Ib.]Ts. ct. qr. b.|Ts. ct. qr. Ib.{Ts. ct. qr. b} Ts. ct. qr. b} Ts Ta
Weightof each ship's bull,snd all man- g 15 4 9 016377 0 0 3254 9 01694 0 © -
Each ship’s hull at first llllne.hing.........lla 0 0 0314 0 0 0160 0 O 0120 0 0 0/{98 0 O oen .
Burthen in tuns, what she will really} |43 16 5 gisos 9 016216 0 0 o134 9 01 135 | 130
No. ﬁ months’ provisions and water...... 4 3 3 2 2 - e
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History.  James II., from having so long and so gloriously filled
=== the office of Lord High Admiral while Duke of York, was
James 1I. perfectly aware of the requirements of the navy ; and du-
- ring his short reign he paid great attentien to increasing

its efficiency. He also especially directed inquiries into the
question of the durability of timber for the construction of
it, and carefully accumulated both materials and stores for
» its maintenance. It is not a little curious that it was pro-
bably the attention which the monarchs of the line of
Stuart had bestowed on the naval service, which enabled
it so triumphantly to resist the persevering attempts of
Louis XIV. to recover for them the throne of their an-
cestors. .
The Revo- Though England was at the Revolution of an
lution.  efficient fleet, manned by experienced seamen, who had all
the confidence ariging from a series of naval triumphs, it
must be remembered that for a long period no opposition
to her naval superiority had been anticipated from any other
power than Holland; and consequently the fleets of England
were com of ships which had many of them been built
to adapt them to this service, for which small dimensions
and light draughts of water were essential qualifications, on
account of the shoalness of the Dutch coast.

William was too cautious a monarch to have neglected
80 important a means of national defence, a8 was the navy
when engaged with such an ambitious and energetic oppo-
nent a8 Louis XIV.; and we find that the naval force was
considerably increased, both numerically and in dimensions,
during his reign. But the triumphs of our armies under
Marlborough having for a time diverted the attention of
the nation from naval affairs, it fell into decay during the
reign of his successor. .
LouisXIV. When Louis XIV. determined to dispute with Englan

for the sovereignty of the seas, he was not only without a
navy, but without the means of forming one. The mili-
tary and commercial marine of France had ceased to exist.
Riseof  The sanguine temperament of the monarch, and the wis-
French na- dom of his minister Colbert, removed all obstacles; com-
val power. perce began to flourish on the quays, merchant-vessels to
crowd the ports ; dock-yards, harbours, and shipping appear-
ed simultaneously to start into existence; and the nation,
which almost for centuries had been essentially military,
felt constrained to turn its energies to comnterce and to
the sea. A navy which in 1661 consisted of some four or
five small vessels, in little more than ten years bearded and
baffled the combined flests of Holland and of Spain, and
asserted the sovereignty of the Mediterranean. In 1681
her fleets consisted of 115 line-of-battle ships, manned b
36,440 men, with 179 smaller ships, the crews of whicg
amounted to 3037 men ; and in 1690 a fleet of eighty-four
vessels of war, out of which three were of a hundred guns
and upwards, and ten others were above eighty-four guns,
with twenty-two fire-ships, wes cruizing in the British seas.
It is true that these mighty armaments failed in fulfilling
the ambitious designs of Louis. But the severity of the
struggle, which at length ended in the annihilation of his
hopes, and in our triumphant absertion of our naval supe-
riority, must always cerve as an example of the danger we
may incur by too great confidence in that superiority.
Compari-  We have the following comparison between the l¥ rench
son be-  and British ships of about this pericd, from an official con-

‘William
III.

tween  temporary paper, by a gentleman of the name of Gibson:
En ;‘hh p ¢ Our guns being for the most part shorter, are made to
:ﬂip‘_'enc carry more shott than ¢ French gunn of like weight, there-

fore the French guns reach further, 2nd ours make a bigger
hole. By this the French has the advmta%e to fight ata
distance, and wee yard-arm to yard-arm. The like advan-
tage wee have over them in shipping; although they are
broader and carry a better saile, our sides are thicker, and
better able to receive their shott ; by this they are more
subject to be sunk by gunn shott than wee.”
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The paper also complains much of the injudicious ma- History.

nagement of our shipping, by which it says, “ many a fast =~
sayling shipp have come to loose that property, by being li“j“d"
over-masted, over-rigged, over-gunned (as the Constantgo“’n::’t
Warwick, from twenty-six ns, and an incomparable of'ﬁ.f',,l
sayler, to forty-six gunns and a slugg), over-manned svide navy.
all the old shipps built in the ‘Fnliament time now left),
over-built (vide the Ruby and Assurance), and haveing
great tafferills, gallarys, &c., to the making many formerly
a stiff, now a tender-sided shi;:g, bringing thereby their
head and tuck to lye too low in the water, and by it takeing
away their former good property in steering, sayling, &c.
The French by this defect of ours make warr with the
sword (by sending no small shipps of warr to sea, but clean),
and wee, by cruseing in fleetes, or single shipps foule, with
bare threates.”

Charnock draws some curious parallels between the state Charnock’s
of the two navies of France and England during the earlier opinions
half of the eighteenth century, which may be summed up :‘,‘ld
in a few words. That when the French took an English'“*
ship, it was seldom admitted into their navy ; or, if admitted,
it was only at a much lower rating, as, for instance, the Pem-
broke, a sixty-four in our service, became a fifty-gun ship
in theirs. That in cases when an English fleet was in
chase of a French fleet, it was ships which were British built
which fell into our possession ; but that almost on every oc-
casion the French ships could evade ours. That the losses
sustained in the French navy by foundering at sea, or by
wrecks, were principally those ships which had been taken
from us. That, on the contrary, the favourite ships in our
fleets were those which had been taken from the French,
and the instances in which French ships in our service were
ever recovered possession of by them were extremely rare ;
we as far excelling them in all that related to the ma-
nceuvres and management of ships as they did us in design-
ing them.

In consequence of the little attention bestowed upon the
navy during the land-triumphs of Marlborough, it was found
absolutely necessary, at the commencement of the reign of
George 1. that vigorous measures should be taken to re-
establish it. Much pains were bestowed during this and the
succeeding reign of George II. to improve its efficiency.

The dimensions and the armament of the ships composing
it underwent frequent revisals, and many valuable acces-
sory improvements were made. Still it was evident that
the perfect seamanship of the officers, and the undaunted
valour of their crews, were frequently rendered nugatory
by the superior qualities of the shig::f “their opponents, and
the nation reaped little more empty honour from
the contests in which she engaged; the heavy sailers
of England being unable to prevent her colonies and her
commerce from suffering severely from the attacks of the
light squadrons of her enemies. The naval commanders

England were constant in their complaints of the com-
parative inferiority in speed, in stability, and in readiness
of manceuvring, of the ships under their command.

In a letter from Sir George (afterwards Lord) Rodney, I.ord Rod.
dated the 31st May 1780, to Mr Stephens, the secretary of ney.
the Admiralty, is a passage which proves in a remarkable
degree the truth of the above statement. *“ Nothing could
inﬂce them (the French fleet), to risk a general action,
though it was in their power daily. They made, at differ-
ent times, motions which indicated a desire of engaging,
but their resolution failed them when they drew near ; and
as they sailed far better than his majesty’s fleet, they with
ease could gain what distance theym;ieued to windward.”

One great cause of the inferiority of our ships arose from Cause of
the practice which prevailed during the first half of theinferiority
eighteenth century, through & mistaken idea of economy,f English
of “rebuilding” old ships, so that, in fact, the forms and ipe.
dimensions of the previous century passed down in many
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History. instances nearly to the end of this ; and, with little stretch
~=v—of the imagination, we may suppose, that under a conti-

nuation of the same ill-judged system, we should have had
the representations of the carracks and galleons of the
reign of Elizabeth in the fleets of the present day !

The French system of improvement was followed by the
Spaniards, and the capture of the Princessa in 1740, of
seventy guns, 165 feet in length and forty-nine feet eight
inches in breadth, when our ships of the same force then
building were only 151 feet long and forty-three feet six
inches broad, caused an appeal to be made by the Admi-
ralty to Admiral Sir John Norris, the then “ naval oracle”
of England. The consequence of the inquiries was, that
the several master-shipwrights were directed to send in
proposals for the future established dimensions of the navy;
and in 1745 the Admiralty issued a new establishment for
the dimensions of the several ratings of ships. The follow-
ing table, taken from Derrick’s Memoirs of the Royal Navy,
contains the various established alterations from the reign
of Charles IL. to this of 1745, which was the last. Since

then there has been considerable improvement, but there History.
have been no fixed tables as established dimensions, at least ~="v""
none involving all the ratings.
The ships built after the establishment of 1745 are re-
ported to have been stiff, and to have carried their guns
well, but were still inferior to those of the French; and,
consequently, about ten years afterwards an alteration was
made in the draughts for the several ratings, and the di- «
mensions were also slightly jncreased. It may not be un-
interesting to remark, that the proportional breadths in
the establishment of 1745 considerably exceeded those of
more modern ships. Their breadth varied from 43§ to $3%
of their lengths ; while, at the present time, with the ex-
ception of those built after the designs of the present sur-
veyor of the navy, the breadths of most of our line-of-battle
ships are within the limits of $2¢ and of their lengths.
We merely state this as a historical fact, not as advocat-
ing an undue increase of breadth. The question of the re-
lative proportions of the dimensions of ships belongs to an-
other portion of this article. .

An Account showing the Dimensions established, or proposed to be established, at different times, for Building of Ships.
Eztracted from Derrick’s Memoirs of the Royal Navy.
Establishment of Proposed in Eastablish-
- ment of
1671 1691. ' 1706. 178, 1738 1741 1745
Ships of 100 Guns. Ft. In. Ft. In. Ft. In. Ft. In- Ft. In. Ft. Io. Ft. In.
Length on the gun-deck......ccereenees] 165 0 174 0 174 0 176 0 178 0
Length of the keel, for tonnage.........] 137 8 140 7 140 7 142 ¢ 144 6}
Breadth, extreme....cccuevecsierseccerecead) 46 0 50 0 50 0 50 0 51 0
Depth in hold.......cce0ceenneneese eees 19 2 o0 20 0 20 6 21 0 21 6
Burthen in tons ......cceevecivreencneesss) 1350 . 1869 1869 1892 2000
90.
Length on the gun.deck....cceeevreeenens 168 0 [y 162 0 164 0 166 0 168 0 170 o0
Length of the keel, for tonnage......... . 132 o0 132 5 134 1 137 o0 138 4
Breadth, extreme....ccceeveeceseccrececed 44 0 e 47 O 47 2 47 9 48 0 48 6
Depth in hold...... s 18 2 es 18 6 | 1810 19 6 20 2 20 6
Burthen in tons....ccceceericrennrenseencesd 1307 e 1651 1666 1623 1679 1730
80.
Length on the gundeck.......ccoeeeennee o 156 0 156 0 158 0 158 6 161 0 165 0
Length of the keel, for tonnage....... 127 6 128 2 127 8 130 10 134 10%
Breadth, extreme.......coeeeeereeececnsees 41 0 43 6 4 6 45 b 46 0 47 0
Depth in hold...ccecsee cereernnnncsnancens vor 17 4 17 8 18 2 18 7 19 4 20 0
Burthen in tons.......... 1100 1283 1350 1400 1472 15685
70.
Length on the gun.deck...... cenesenneens] 150 0 s 160 0 151 0 1561 0 1564 0 160 0
Length of the keel, for tonnage......... 122 0 123 2 | 122 0 | 125 & 131 4
Breadth, extreme.....cc..e seenans o seseenes 39 8 41 0 41 6 43 & 4 0 45 0
Depth in hold.....ccccvcceeenvercscorecnceeed) 17 0 17 4 17 4 17 9 18 11 19 4
_Burthen in tons......ccceeeernneneererenness] 1013 1069 1128 1224 1291 1414
60.
Length on the gun-deck......c.coereeeee oo 144 0 144 0 144 0 144 0 147 o 160 0
Length of the keel, for tonnage.....oon.| 19 o | 117 7 | 116 4 | 119 9 | 123 o
Breadth, extreme......eecceeneeecnes . 37 6 38 0 39 0 41 & 42 0 42 8
Depth in hold e 16 8 15 8 16 5 16 11 18 1 18 6
Burthen in tons.....ccoeeeeerneesecneenenes 900 914 951 1088 1123 1191
50.
Length on the gun-deck.......... . 130 0 | 134 0 | 134 0 | 140 0 | 144 ©
Length of the keel, for tonnage......... o 108 0 109 8 108 3 113 9 117 8%
Breadth, extreme.e ceeesscescesenssenccses 3% 0 36 0 38 6 40 o 41 0
Depth in hold...cveseseasencsernneenes 14 0 15 2 15 9 17 24| 17 8
Burthen in tonS...ccceresasssssresnsaonses . . 704 765 853 968 1052
Length on the gun.deck...ccccoeciaranee 118 0 124 124 0 126 0 1383 0
Length of the keel, for tonnage......... oo 87 6 101 8 100 3 102 6 108 10
Breadth, extreme....coceee ecocreeccsnnacsd 32 0 33 2 35 8 36 o 37 6
Depth in hold......... 13 6 14 0 14 6 16 5§ 16 0
Burthen in tons...cccceceeereeceassnanens 631 594 678 706 814
20. :
Length on the gun-deck.....coeeeeesnnnes . . N 106 0 |-106 O 112 0 113 0
Tength of the keel, for tonnage...... 87 9 8 8 91 6 93 4
Breadth, extreme....cccecoeeee eon e’ 28 4 30 6 32 0 32 0
Depth in bold......... N - 9 2 9 b 1 o 1 0
Burthen in tons...c.cceceerecctnaenrncaanas 374 429 498 508

The Royal George was the first ship built on the increas-

ed dimensions, which were the result ot the before-mentioned

inquiry. She was laid down in 1746, and launched in 1756;
aiid rather more than ten years afterwards, that is, in 1758,
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History. the Triumph and Valiant of seventy-four guns were built
“=—=0n the lines of the Invincible, a French seventy-four-gun

Triumph ghip, captured in 1747.
:i:nt. &+ e give the dimensions of these ships, as they were ma-

nifestations of an improved system, which, however, was
not persevered in ; for, with the exception of occasionally
building after a French or Spanish el, the English ships
were scarcely altered from those built at the commence-

ment of the century.
Royal | Triumph and

. George. Valiant.

Feet. In. Feet. In.
Length on the gun-deck........... 178 0 171 8
Length of the keel, for tonnage...| 143 138 8
Breadth, extreme.....ccoceeeecesenes 51 9 49 9
Depth in hold.......... N 21 6 21 8
Burthen in tops........cccieiernennes 2047 1826

Grand dis- There was still a very essential distinction between the

tinction  navy of England and that of either France or Spain, which
between was this; that until after 1763 neither of these nations had
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we had third-rates which were three-deckers, as the Cam- History.
bridge and Princess Amelia, launched in 1754 and 1757, =~
and carrying only eighty-four guns. The capture of the
Foudroyant, a French eighty-four on two decks, in 1758,
caused a change in this respect, by furnishing the English
with a model for a very superior class of men-of-war, which
was adopted. Derrick, in his Memoirs of the Royal Navy,
says, that “no eighty-gun ship with three decks was built
after the year 1757, no seventy-gun ship after 1766, nor
any sixty-gun ship after 1759.”
uring the peace that preceded the war with America, French-

which commenced in the year 1768, the French had in-builtthree-
troduced three-deckers into their fleets, having found their deckers.
eighty-fours on two decks to be no match for the more
powerful of our three-deckers. Their first-rates were at
this time generally of a hundred and ten guns on three
decks. The Bretagne, one of these ships, was, according
to Charnock, a hundred and ninety-six feet three inches long
on the water line; and her moulded breadth was fifty-three
feet four inches. Her displacement, it is stated in Sewell’s
Collection of Papers on Naval Architecture, was 4640
English tons.

In 1786 the establishment of the French fleet was fixed Establish.

I"‘:f}“h any three-deckers in their fleets. Their largest armament by an ordinance, as according to the following table, which ment of
3,1:,_2 8 appears to have been eighty-four guns on two decks, while we extract from Charnock. tIl“el':tl:ch
Ships of 190 | Shipsof 110 | Ships of 80 of 74| Ships of 64 |  Frigates i‘;‘;."" Corvettes | beats, war-
&'ml. Guns. (‘!P.m Sha:m. uns. ?;ms ‘,o“nd"gl'_’ of 90 Guns. ‘rpng four
Feet. In. | Feet. Feet. Feet. In. | Feet. ln. | Feet. In.| Feet. In.| Feet. In. | Feet, In.
Length f}':om head to stern...... 196 6 186—185 | 184—180 | 170 0| 156 O | 144 0| 136 0112 0| 80 O
Breadth from outside to out- :
side of the .frame.. .......... 50 0 49 6in| 48 Oin| 44 6| 41 O| 36 6| 34 6| 28 4 24 O
Depth in bold.....coceveanrenanenee 25 0 | 24 6 23 9 22 0| 20 0 18 0 17 6 14 4| 12 0
B of wateraballwhenl| 7 ¢ | 17 ¢ | 17 0 | 15 8| 14 6] 12 6/ 11 3| 96| 84
Draught of water forward '
when light.....cccoconevenreen 4 0 13 8 12 o 10 10 ni 8 7 8 6 8 5 80
256 0 24 8 22 6 21 6| 19 9| 16 0 15 4 13 3| 11 6
b2 8 22 2 21 0 19 10 13 91 15 2| 13 9| 11 9| 10 ¢
Total weight of the ship and T n T T . T T
tores when victualled and ons. 'ons. ons, 'ons. ons, ons. Tons. Tons. ons.
furnished for a six months' (| 5246 4910 3826 | 3548} | 2300 | 1479 | 1162 | 546 | 266
CTUISC seeeceeereessanneseraanses |
Weight of the hull and masts... 2500 2400 1804 1437 | 1120 | 665 583 266 141
George III.  The ships of England continued throughout the wars of ticians of the time turned their attention to the improve-

and George the reigns of George III. and George IV. notoriously infe-
Iv. rior to those of France and Spain.  The skill of our com-
manders, and the indomitable courage of our seamen, event-
ually succeeded in these, as’in all former contests, in anni-
hilating opposition, and in triumphantly asserting our naval
supremacy. It cannot be denied that their task would
have been comparatively easy, accompanied with less loss
of life and expenditure of treasure, had their ships been
more upon a par with those of their opponents.
Reasons Although so much attention appears to have been di-
forthe con-rected at various times to the improvement of the navy,
:_‘"_“e‘? in- not only by the servants of the crown officially connected
;:m’ with it, but by the sovereigns themselves, we have seen
shipping. that this continued inferiority of our ships to those of our
opponents has been repeatedly asserted on undoubted tes-
timony. The reason that all the attention thus bestowed
failed in producing a corresponding beneficial effect was
simply this ; that in England the speculative ideas of men,
undoubtedly of sense and judgment, as may be seen from
the quotations of -their opinions which we have made, but
men uninformed as to principles, were taken as the rules
for guidance. In France, on the contrary, the aid of
science was called in, and some of the greatest mathema-

ment of the shipping of that country ; and it is a most asto-
nishing fact, that the experience of more than a century of
acknowledged inferiority to France, also with the admission
that her superiority was caused by the researches of her
mathematicians, should have still left it a question in Eng-
land, whether our ships shall be designed on speculative
opinions, or from scientific deductiéns. Colbert employed
an engineer of the name of Rénau d’Elisagaray, a protégé
of the Count de Vermandois, whose first essay was in the
adaptation of ships to carry bombs, to be used in the then ‘
projected armament against the piratical states of the Me-
diterranean.  Under the enlightened direction of Colbert,
the French ships, which, by the ordinance of 1688, were
much restrictefsi,n dimensions, were increased nearly one
fourth in size, and every means taken which the then state
of knowledge could suggest to insure & corresponding in-
crease in good qualities. Rénau was, we believe, the first
French author who wrote on the theory of ships. He was
followed by the Bernoullis, by Pére La Hoste, by Bou-
guer, Euler, Don Jorje Juan, Romme, and a host of others,
the effects of whose writings we have traced in the progress
of the improvements they introduced into the navies of
France and Spain, and forced the navy of England to imi-
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tate. The only English ereatise on ship-building that can
lay any claim to a scientific character was published by
Mungo Murray in 1754 ; and he, though his conduct was
irreproachable, lived and died a working shipwright in
Deptfard dock-yard.

Instanceof A most palpable instance of the ignorance of all the

ignorance.

Rezee of
the Anson.

Society for
the Im-

principles of naval architecture among the authorities who
were charged with designing our royal navy, even up to
the close of the last century, may be uotedvl{om an article
in a recent periodical publication, the Papers on Naval
Architecture, which was devoted to the advancement of
this science, and which was for some years conducted by
two gentlemen who were educated at the School of Naval
Architecture at Portsmouth. The article in question was
written by Mr Wilson of the late Navy Office, now Admiral-
ty, a gentleman whose judgment, talents, and sound pro-
fessional knowledge as a naval architect, contrasted with
the humbleness of his situation, that of draughtsman to the
surveyor of the navy, may also be cited as affording an in-
stance of the mistaken policy of the successive naval admi-
nistrations of England, as to the encouraging the applica-
tion of science to naval architecture.

Mr Wilson, speaking of the cutting down of the Anson,
a sixty-four-gun ship, to a frigate of thirty-eight guns, says,
« ghe was cut down in the year 1794; and although in all
other maritime states the science of naval construction was
well understood, yet so culpably ignorant were the English
constructors, that this operation, so well calculated, when
properly conducted, to produce a good ship, was a complete
failure. Seven feet of the upper part of the top-sides, to-
gether with a deck and guns, making about 160 tons, were
removed, by which her stability was greatly increased ; but,
by a complete absurdity, the sails were reduced one sixth
in area. In her first voyage the rolling was so excessive
that she sprung several sets of top-masts, To mitigate this
evil, in 1795 her masts and yards were increased to their
original size ; but as there was no decrease of ballast, she
was still a very uneasy ship, and, as a necessary result, her
wear and tear were excessive.

“ Other sixty-fours were cut down, masted, and ballasted
in exactly the same manner, and, it need scarcely be add-
ed, experienced similar misfortunes; and although they
were improved by enlarging their masts and yards, they
were still bad ships. Had their transformations been scien-
tifically conducted, a class of frigates would have been con-
tinued in the navy, capable, from their size, of coping with
the large American frigates ; and thus the disasters we ex-
perienced in the late war, from the superior force of that na-
tion, would, without doubt, have been not merely avoided,
but turned into occurrences of a quite opposite character.”

Several attempts have been made in England to alter
this state of things, and to establish a system of scientific
improvement in our ships. One was the formation of a So-
ciety, in 1791, for the Improvement of Naval Architecture,
which numbered among its members the late sovereign,
then Duke of Clarence, and many noblemen and gentlemen
of rank, influence, and talent. This society arose out of
the patriotic exertions of a bookseller of the name of Se-
well, the proprietor of the European Magazine, who in an
excursion to one of our seaports, heard such universal com-
plaints as to the inferiority of the British ships compared
with those to which they were opposed, that he devoted
the covers of his magazine to correspondence on naval ar-
chitecture, and gave a room in his house for discussion on
the same subject, and for the reception of plans and models
connected with it, which were always open to public in-
spection. The that were by these means collected
were republi in two volumes ; and, among much trash,
there are several valuable articles contained in them. The
society conducted a course of experiments on resistances
of fluids, in the Greenland docks, on which they appear to

have exhausted their resources and their energies, and that History.
too without deducing any results which added to the pre- “~—~’
vious knowledge on that subject. We are not aware that

more than the first year's Report of their proceedings was

ever published. Of this we have only met with one copy;

and in consequence of the probability that the results of

the society’s experiments might be completely lost, they

were republished in the Papers on Naval Architecture.

They have been since republished in a most splendid form,

and in a most patriotic spirit, solely for itous distribu-

tion to scientific societies and individ by Mr Beaufoy,

the sox of the late Colonel Beaufoy, the gentleman to whom Colonel
the task of conducting them was intrusted by the society, Beaufoy.
and on whom, it appears, a great portion of the expenses
devolved.

Another effort to mmprove the scientific knowledge of School of
naval architecture in this kingdom was the establishment, Naval Ar-
in 1811, of a School for Naval Architecture in her majesty’s chitecture.
dock-yard at Portsmouth. This was in consequence of the
statements and recommendations contained in the Report of
a Commission of Naval Revision appointed in 1806. These
recommendations were founded on an m%mry into the edu-
cation and attainments of the shipwright officers then in
the dock-yards, “ {rom their first entry as apprentices, to
their elevation to the rank of surveyor of the navy.” The
Report stated as follows :— In the whole course we have RGP"C:;f
described, no opportunity will be found of acquiring even _* ="
the common education given to men of their rank in life ; Ngoa1 Re
and they rise to the complete direction of the consiruction yision.
of the ships on which the safety of the empire depends,
without any care or provision having been taken, on the
part of the public, that they should have any instruction in
mathematics, mechanics, or in the science or theory of ma-
rine architecture.”

The Report stated it to be among the most important
parts of the duty of the Commission to endeavour “ to put
an end ‘o that want of foresight and due consideration,
which may finally lead to so much danger to the country ;
and to bring into our dock-yards apprentices of more libe-
ral education than has hitherto been reauired.”

The Commissioners recommended the establishment of
two classes of apprentices. They proposed the arrangments
necessary for putting their recommendations into practice,
and also laid down a system of education for the first class.

These proposals were divected to be carried inte effect, by School of

an order in Council of the 20th of September 1809, which Naval Ar-
was complied with in the establishment of the School of 3:?1:’,;'
Naval Architecture on the first of January 1811. od

The arrangements of the school were modified by a se-
cond order in Council o2 the 30th of January 1816, in
consequence of a building for the recention of the students
having been completed. By this order the establishment
was inco ted with the Royzl Naval College, and the
number of students limited to twenty-four, that number be-
ing considered as “ sufficient to supply the place of officers
who may die or be removed,” and therefore to fulfil the in-
tentions of the Board of Naval Revision. This second or-
der in Council stated, that the object of the institution was
to introduce “a better and more skilful description of shi
wright officers in his majestmlroyal dock-ya.r& ;" and the
« regulations established relative to the admission of stu-
dents into the School of Naval Architecture,” for the infor-
mation of the candidates, stated that, “ on the expiration of
the apprenticeship, the students will be eligible to all situ-
tions in the ship-building demnentof his majesty’sservice;
and in the event of there being no vacancy in any of his
majesty’s yards, they shall be employed as supernumeraries
in the yards, until vacancies do occur,”  provided the ap-
prentice shall, at the expiration of the time above mention-
ed, have completed the plan of education, and shall be

certified by the professor to be properly qualified.”
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The institution has however not been unattended with History.

History.  Forty-two gentlemen have been educated at this estab-
mnslunent, and twenty-two still remain in the ship-building
umber

students.

Abolition
of the
achool.

department of her majesty’s service, of whom®many, bound
to the service under heavy penalties, were, for eight or ten
years after leaving the school, employed as supernumeraries
in the dock-yards, awaiting their first appointments as fore-
men, although vacancies were during the interval conti-
nually occurring. Three only have been promoted to the
step next above that of foreman ; and, out of the last four-
teen appointments to situations superior to that of foreman,
only on3 has been conferred upon a member of the School
of Naval Architecture.

The attempt has therefore most signally failed. For, from
the comparative ages of the gentlemen of this establish-
ment, and those of the officers who have been placed in
these vacancies, there can be no rational hope that the ex-
pectations of the Commissioners of Naval Revision, or of the
members of the Councils of State, can be fulfilled ; and it
may therefore now be said (in 1889), with as much truth as
by the Report of the Board of Naval Revision in 1806, “no-
thing certainly can be more surprising than that, in a nation
so enlightened as this is, and whose power, importance, and
even safety, depend on its naval superiority, matters so es-
sential to the preservation of that superiority should so long
have been neglected.”

The School of Naval Architecture was abolished in
1832; and we cannot write of the failure of this establishment
without endeavouring to trace its causes, and to account for

Reasons of the gtrong prejudice which has existed against its members

its failure

* from the moment the first student’s name was recorded on
its books ; a prejudice which has baffled them in every en-
deavour to obtain just attention to their claims from each
successive naval administration, and which has virtually de-
prived the nation of the advantages anticipated by the Board
of Naval Revision. That it is not in the failure of the stu-
dents themselves to fulfil the conditions required of them, is
evident, since the sole condition was that which we have
quoted from the regulations, that they should complete the
plan of education, “and be certified by the professor to be
properly qualified.” This the professor has officially complied
witgeiz the strongest terms. Nor is it that they are indivi-
dually unfit to fill the situations which were guaranteed to
them ; for many of them are of the most flattering
testimonials of efficiency, as thorough rractical officers, men
of business, and gentlemen of principle. We believe it to
arise solely from this, that the foundation of the establish-
ment was accompanied by the most mortifying and humiliat-
ing reflections on the officers then filling the situations in
the dock-yards, and, consequently, on all who rose to such
situations from the working class of the yards. From these
officers, to all of whom the very existence of the School of
Naval Architecture has been a reproach, and a constant
source of mortification, and to many of whom the advance of
its members would operate as a bar to promotion, successive
Admiralties have been contented to derive their information
as to the success of that establishment, and the efficiency of
its members. It surely would be expecting more than can
be hoped from human nature in its most exalted state, to

such information could be given devoid of party
feeling and of prejudice, or that men would voluntarily ad-
mit their own inefficiency, and concede to those whom they
must regard as their rivals for the favours of the Admiralty,
a merit equal, nay, on the very principle of the foundation
of the establishment, superior, to that which they themselves
possess. The First of the Admiralty, therefore, for the
time being, acting on information thus derived, annually
asserts in his place in parliament, and believes his assertion
to be correct, that these “ young men” ﬁmen between forty
and fifty years of age) « though gentlemen and men of
education, yet want experience, and therefore cannot be
promoted.”

benefit to the service. The correct principles of naval ar-
chitecture have become known and gen
though the members of the establishment may not reap the

through their instrumentality and from their works. It
cannot, either, be denied that the officers of the dock-yards
of the old school have had their energies aroused, and have
risen in the scale of educated society, from their rivalry with
tae members of the new. On an inquiry into their com-
petency to fill the situations in which they have been placed,
though there would be many instances fully to warrant as
great animadversion as was passed by the Board of Re-
vision on their predecessors, there would also be found
among them gentlemen, men of talent, and of considerable
uirements.
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It has been
ly dxﬁ'used;mdpmdmi"
reward, the merit is undoubtedly theirs, for it has been;f,;;.m

n 1830, Captain, now Sir William Symonds, was appoint- Sir Wil-
ed to the office of surveyor of the navy, he having previous- liam Sy-

ly constructed a corvette, the Columbine, for her majesty’s 2onds-

service, which was reported most favourably of after a trial
cruize with other corvettes built from designs furnished by
Sir Robert Seppings and the late Admiral Hayes.

The appointment of a naval officer to fill the solitary si-
tuation in the civil service of the navy which may be said
to offer any great inducement to the exertions of the naval
architect, was certainly to be lamented. There are few
clerks in the public offices of this country who do not early
attain to salaries and retirements far exceeding those doled
out to the highest offices in the engineering department of
the navy, with this one exception ; and to deprive the naval
architect of this high incitement to exertion, cannot but
operate injuriously to the service; and again, a gentleman
brought up in a totally different profession must be presum-
ed to be not only wholly unacquainted with the detail of
the duties of his subordinates, but also necessarily to be un-
qualified to perform a great portion of the duties connected
with his own situation, and therefore to be dependent upon
those from whom he is obliged to seek for guidance.

The office of surveyor of the navy, be it remembered, is
an office of active operation rather than an office of super-
vision, and therefore essentially requires to be filled by a
professional naval architect.

Sir William Symonds is the first constructor of the Eng-
lish navy who hasbeen left unrestricted as to dimensions; and
he has consequently been enabled to introduce into the
service, ships which undoubtedly bear very high characters
in some very decided points of efficiency as men-of-war.
He has also practically demonstrated the possibility of ships
of war obtaining sufficient stability without the aid of bal-
last, which is a very important advantage, and one which
will yet be productive of essential benefit. But unfortunate-
ly having been in error as to the true principles on which
the stability of floating bodies is dependent, he has not ob-
tained these advantages without, in many instances, incur-
ring a compensating disadvantage, from uneasiness of mo-
tion, and which appears to be a very general complaint
against the ships of his construction, some of them being
most marked examples of the uneasiness attendant on a
stability which depends almost wholly on breadth at the
load water-section, to the ncglect of the form of the solids
of immersion and emcrsion.

- The opinions on which Sir William Symonds founds his His writ. -

system of construction have been explained by him, first in ings.

a brochure, printed, we believe, for private distribution, and
then in an article, communicated by himself, in the United
Service Journal for July 1832. To that therefore we refer
our readers for information as to the principles upon which
the fleets of England are now constructed. The following

.tables contain the dimensions of the various classes of ships

which Sir William Symonds has introduced into the British
navy ; also the dimensions according to which the ships of
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History. the French navy are now being built, and the dimensions
=" of one or two other modern ships about which considerable
interest has been excited. The dimensions of the vessels

designed by Sir William Symonds are obtained from Edye’s

Scales of Displacements, and from a list which was publish-

ed in the United Service Gazette, and which we have en-
deavoured to verify ; we therefore believe them to be cor-
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rect. The dimensions of the French ships were procured History.
in the French dock-yards during the summer of 1837, and ~"v~"
are certainly correct. The London and Castor are obtain-

ed from Edye’s Scales of Displacements ; the Sapphire and
Orestes from Morgan and Creuze’s Papers on Naval Archi-
tecture; and the other dimensions are from the best avail-

able authorities.

Dimensions of Modern English Ships of War.

Length of
Names of Shipe, G Extreme Depth in | Burden in
and of their Designers. une. Keel for | Breadth. old. Tons.
Gun-Deck. Tonnage.
First Rate. Feet. Inch. | Feet. Inch.|Feet. Inch.| Feet. Inch.
[ Queen............ reveneseseeane {lotoantioos o {166 5 |60 0 | 25 9 | 3089
3 decks
Second Rate _
V. 80 on 2
| Vanguard.....c.ioenereennnns { 921190 0 [155 8 | 56 9 | 28 4 | 2589
3 Third Rate
£ | Boscawen....coooeorvuunrernnnnn [0on21) 160 o |146 8 | 56 0 | 22 & | 2012
> } | decks.
@ Fourth Rate
§ | Vernon......ceceevrruereniucnnnae 50 |176 0 |144 6}| 52 84| 17 1 2082
5 _ Fifth Rate. .
B PigUe..ciceerucrerirernreererennns 6 (160 o0 [181 o0 | 48 8 | 14 6 1622
) Sixth Rate.
@ | Vestal........e.. crreessienaaaaes 26 (130 0 |105 9 | 40 74| 10 6 918
S | Carysfort ......ceecvuveeruecrernerans 2 |130 -0 {106 10 | 40 0 | 10 6 911
a Corvettes.
2D | ROVET.euieverncesnrnsesrasencsnenses 18 118 0 90 1 85 5 16 9 590
$ | Calypso...ccereenenn. veressnnaearens 18 |120 o | 99 51| 37 6 | 18 0 731
A Brigs.
16 |105 o} 84 o | 83 6}| 7 N 492
16 [102 5| 79 10 | 82 8 | 15 0 434
16 [100 8 | 78 9| S2 43| 14 10 431
16 91 10 | 71 4 | 29 4 | 12 8 323
London ) cecevinenriniencercnsenrenenes ([92 0n 2
Sir Robert Seppings...... decks. § | 205 6 170 4 5 4 23 2 2598
CaStOr J veerereecrecnererveninscnene 3 159 o0 [188 7 | 48 o0 | 18 6 1283
Inconstant, Admiral Hayes.............. 36 166 6 (183 5| 45 6 18 7 1422
Modeste, Admiral Hon. G. Elliot...... 18 120 0 98 ; gg g ; l‘l) 2603
hire 28 (119 0 |100 .
g‘:pel:m }Profeuor Inman.......... { 18 109 11 92 103» 30 6 7 6 459
Dimensions of Modern French Ships of War.
Line-of-Battle. Frigates. ' Corvettes.
Number of Guns.......... veertenesnenesseaenaas 120 100 90 60 52 | s 24
Feet. Inch.| Feet. Inch. Feet. Inch] Feet. Inch.| Feet. Inch. Feet. Inch, Feet. lnch1
Lel‘lﬁth on gun-deck between rabbets......[209 5 |205 198 6 (178 131|172 1 (188 7}]|125 4
Moulded breadth......c....eeveereeueraesanene. 55 54 111| 58 53| 47 7 | 45 2}| 36 32 7
forward.....eeeesserasens 24 113 23 10§| 23 4 | 19 11 14 9|18
Draught of water, > 8R.......ccceesererensees 26 26 25 4| 21 16 3| 1410
TOEAN ...voverecaerreens 2510{| 24 11f| 24 4 | 20 7| 20 8 | 15 6 | 14 2}
Load, displacement in tons...........c.eeeeeee 4940 4393 4018 2542 2267 999 738

Daaipﬁonq'tlumannergfperfomingﬂw Calculations in-
cidental to designing a Ship, with Investigations of some
of the principal Elements of the Design.

Few prin-  The labours of the numerous men of science who have
ciplesofthedevoted either the whole or a portion of their attention to
shi O the various problems embraced in the theory of ships, have
“n;':i:o‘;_leﬂ but few of its abstract principles uninvesti ; most
investigat- of the properties of a ship have been examined, and the
ed laws on which they depend clearly defined, either by the

aid of mathematical demonstratjon, or by experimental in-
duction. There are however some questiors, which, though
solved in theory, still depend on the results of physical ex-
periment for perfecting their practical application.

The elements of naval construction, a term very gene- Elemen-
rally applied to the theory of ships, may be classed in two tar; prinei.
divisions ; those which are solely dependent on known laws ples may be
of nature, and those of which the solution involves lawsclassed in
of nature which are yet imperfectly developed. m‘“’

The first division embraces by far the greater part of those
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Theory. principles on which the most essential properties of ships
depend ; and it may now be said that the principal diffi-
culties of these are surmounted, and are familiar to the in-
structed naval architect. These are alone sufficient to in-
sure the attainment of a certain and considerable degree of
excellency in a ship, to give it a preponderance of any pe-
culiar property, to discover the causes of any bad quality,
and to obviate its tendency by an appropriate remedy. In
fact, they are enough, quoting from an article in an Ame-
rican Review, to ¢ direct and limit the variations that may
safely be made in the models at present in use, and - guide
us in the draught of new ones, suited to those changes in
the force and magnitude of the several rates of vessels,
which are continually making in the strife between the na-
tions of the civilized world.” Should the science of naval
architecture never make further progress than it is thus de-
scribed as having attained, it is evident that it is so far per-
fect as to be available for, and capable of being made to
Fi.etice  keep pace with, the wants of mankind. It may be objected,
apparently that the American writer assumes too high a standard, and
contradicts hay g6 far from changes in the rate and magnitude of ships

Of «ne the
principles
are estab-

lished.

:::;_m' being made with the certaintyattributed, each deviation from
the beaten track seems but an isolated, baseless, and aim-
less venture, instead of forming one step in the progress.of
improvement. But, in justice to naval architecture, it should
be remembered that the American spoke of the existing
knowledge, and of the application of that knowledge in
France, and in countries where its importance is recognised
and its principles are known and cultivated, not in England,
where its very claim to the rank of ascience has been derided.

Second di-  The elements which may be classed in the second divi-

vision em- gion, as those of which the solution resolves itself into a

"’n':::: ;ele_’ dependence on laws of nature which are as yet imperfect-

pendent on 1y developed, consist almost entirely of such as are depen-
undevelop-dent, in a greater or less degree, on a knowledge of the na+
ed laws of ture and laws of elastic and non-elastic fluids. This is a sub-
mature.  ject which has hitherto baffled alike the researches of the
mathematician and the experimentalist ; but, from the ana-

logy of discoveries in other sciences, we may safely assert,

that even its difficulties must be eventually surmounted by

the patience and labour of the inductive philosopher. We

are possibly on the eve of an important era, in so far as the

Mr itus- laws of the resistances of fluids are involved. The re-
sel’s re-  gearches of Mr Russel will apparently do much towards un-
searches on rqyeljing their mysteries, perhaps more than has as yet result-
resistances. od from the labour of all preceding ages. Not that the per-
fect solution of these problems is really of such vital im-

- portance to the progress of improvement in naval architec-

ture as it is often asserted to be, and which the apparent

intimate connection of that science with the knowledge of

Such know- fluids and of their laws would appear to sanction. Of those
ledge not elements of naval construction which seem wholly to de-
;’;g':ﬁg:‘ pend on such knowledge, some are restricted by considera-
tions which are adverse to its application; and although

it may be a desideratum in the determination of certain of
the elements, the difficulties which arise from the want of
it only require to be fully known and understood, to be, if
not absolutely theoretically removed, at least, from the col-
lection of facts, from experiment, and from analogy, so far
overcome as to leave nothing to be desired on the score
of practical utility. The form of a ship’s body need not
necessarily remain imperfect because the curve of the so-
lid of least resistance is unknown, since enough has result-
ed from the consideration of the nature of that solid to prove
that, however it might probably be applicable to the naviga-
tion of smooth waters, the perfect solution of the problem of
its form could only be generally desirable to the naval archi-
tect, as contributing to the theoretic perfection of the science,
and would add but little to its practical utility in its appli-
cation to vessels which must encounter the tremendous
powers of the elements in the open seas. Experience has

chitect.
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proved, that a ship constructed with the bow and of the form Theory.
which are recognised as at least nearly as)proximnting to the ="y~
solid of least resistance, would be unable to withstand the
violence of the shocks of the motion of pitching, and of the
waves ; or, could she do so, would necessarily lose, by the
additional resistance resulting from increased immersion,
every advantage which might otherwise be anticipated.
Neither can the exact position of the greatest section be a

uestion of theoretic niceties, when the great capacity and

e adjustments of form necessary to the exigencies of mo-
dern warfare and the advanced state of navigation are con-
sidered, which not only require a ship to be.effective in all
the matériel, and for all the purposes of war, when first from
the bands of the builder, but to be equally so after long pe-
riods have ela;’)‘sed and extended seas have been navigated.
On the other hand, the comparative fulness of the fore and Propor-
after bodies, the positions, rakes, and proportions of the masts, tions of the
the adjustment and the shape of the sails, the bracing of body, the
the yards, and many other questions intimately connected mt::l"': of
with the resistance of fluids, may, and will eventually, be pagts, pro.
correctly determined by comparison, experiment, and in- pol'tio’nand
duction, guided by the knowledge of those principles ofshape of
science which are involved in them ; and, without such know- sails, may
ledge to enable us to test and to establish the correctness of > d:d‘e;"
the conclusions which may be drawn, both experiment and {.z:;'uctioxyn.
comparison must be as useless in this, as, under similar cir-
cumstances, they would prove to any other branch of art.
It has been most wisely said, that there are more false facts Danger of
in the world than false theories. The reason is evident ; erroneous
the correctness of a fact is totally dependent on the compe- d"}“"m“"
tency of the observer ; and how very few, even among those :na::with
whose minds have been trained to habits of thought, are g of sci-
competent to the task of discriminating fact from fallacy. entific
If there be few among such men, how much fewer in pro-knowledge.
portion must that number be among men of nncultivated
minds, who can be capable either of observing facts, or of
forming correct conclusions from those which they may
have casually observed ; and to such, almost without ex-
ception, has been confided the task of establishing the facts,
and drawing the conclusions, upon which to found the theo-
ry of ships. as far as the development of that theory has been
attempted in England.

A most unphilosophic mode of reasoning is very general- Error i
ly applied to the question of the application of the exact doing this.
sciences to naval architecture ; and because chance on some
few occasions, inductions from a tedious experience of fail-
ures on others, but far more frequently the results of ob-
servations on ships built by men of science, may have pro-
duced good ships, the %uestion is often hastily decided, and
the conclusion assumed, that since ships possessing more How it has
than an average of good qualities have been produced with- arisen.
out abstract scientific study, therefore the exact sciences
cannot be available to the advancement of naval architec-
ture; the fact being placed quite out of the consideration,
that the results of observations on ships designed by men
of science are really the results of science, and that if the
observations were made by persons competent to the task,
these results would be onward steps in the progress of im-
provement.

The time certainly has not yet arrived when the naval The aid of
architect can effect with precision and confidence the syn-induction
thetical composition of a perfect ship; but we have already ‘:“5{0'- yet
asserted that he may, by the application of principles al- = “IFrn:
ready established, proceed in the full confidence of produ- ?
cing one with a preponderance of good qualities. i

’ghe mistake is in the assumption that the theory of ships for the the-
is already perfected, instead of merely being capableof being ory of ships
perfectes by a rigid analysis of facts which daily experi-i8 yet im-
ence would elicit were the abstract sciences applied to the perfect.
task of analysing, collating, and registering them. Itshould
always be remembered, Emt generally in every science a
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Theory. perfect theory is the result of the perfection of the science,
“==v— rather than :{at. the perfection of the science results from
the theory. To argue against this principle, would be to
e from the nineteenth to the sixteenth century,

and to affirm that Bacon has lived in vain.

We shall, in as concise a manner as is consistent with
clearness of explanation, detail the method of performing
the calculations necessary to determine the essential ele-
ments of the design of a ship’s bedy, in the course of pre-
paring the original draught or drawing.

Abodyat A body floating at rest, upon a fluid also at rest, displa-
rest on 8 ceg gg much of the fluid as is equal to the weight of the body.
ﬂwi& The truth of this proposition will appear from the consider-
Peight.  ation that the equilibrium between the body and the fluid
is maintained by precisely the same upward pressure as sup-
ported the fluid which the body has displaced ; and as the
same pressure must support the same weight when there
is an equilibrium, the weight of the floating body must be
equal to that of a quantity of fluid equal in bulk to that
part of the body which is immersed. It follows that the
weight of the water displaced by a ship floating on it at
rest, is equal to the weight of the ship and all its contents.
Displace. It is usual to call the weight of the quantity of water

ment syno- which a ship displaces when she is floating at rest, her dis-
"Yx"t‘;l’. placement; or, in other words, according to the foregoing
:leight- proposition, the term displacement applied to a ship is sy-
nonymous with her weight.
To obtain io obtain, therefore, the total weight of a ship, it is only
the weightp to ascertain the weight of the volume of water
of a ship. which she displaces when floating at rest. This is found by
calculating the number of cubic feet contained in a homo-
geneous solid equal in bulk to that part of the body below
the surface of the water, and then multiplying this number
by the specific gravity of the water, that is, by the weight
of one cubic foot : the result will be the weight of the water
displaced, and consequently also that of the ship.
,i‘hat a ship of war may be able to carry and to maintain
effective, in ordinary circumstances of weather, a determin-
ed armament, or a merchant-ship a certain lading, it is evi-
dent that the weight of the ship, and all that she is destined
to contain, must be in such proportion to her bulk that she
shall not be so far immersetf in the water as to render her
armament inefficient under circumstances in which its effi-
ciency may be required; or her lading oppressive to her,
Firstguide if lading be the purport of her construction. The bulk of
to dimen- 4 ghip is in proportion to her length, her breadth, and her
sions. depth. This, when the naval architect has ascertained the

displacement necessary for his ship to possess, is his first

guide to proportion her dimensions, 8o as to insure that dis-
Greatest placement without undue immersion. The next step is
transverse to determine the form and area of a transverse vertical sec-
section.  tion at the largest part of the shir’s body, which generally
' extends from the middle of the length for some distance
towards each extremity. This section is called the midship
section, and on its area is principally dependent the direct
resistance which the vessel will experience, while the sta-
bility or resistance to inclination, and the easiness or un-
easiness of her motions, are greatly dependent on its form.
Greatest Having to a certain extent fixed upon the midship section,
horizontal the next consideration is to determine the area and form
section.  of g horizontal section at the surface of the water. This

section is called the load water-section, or sometimes the

« plane of flotation.” On this section also the stability of

the ship, in proportion to her dimensions, is very greatly
Depth in  dependent, as will be seen when we more fully explain that
water, and quality. The depth in the water, and the shape of the verti-
difference cq) gection through the longitudinal axis of the ship, should
next be determined ; and then transverse vertical sections
Bow and Of the body between the midship section and either ex-
quarter  tremity of the vessel, generally at those parts where the
sections.  body is intended to alter materially from the form of its
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midship section to that of the more sudden curvature at the Theory.
extremities. An important consideration is involved in the ~=—v—~
forms of these sections, considerably influencing the easi-

ness of the ship’s motions. At present it will be enough to

mention them as the next progressive step in the design ;

after which the constructor has data sufficient to determine Displace-
whether the dimensions he has chosen will enable him to ment.
obtain adequate displacement for the services required of

his vessel. If so, he may proceed tohtrace in intermediate

sections, and thus ually, letting his design ki

with his calculatioﬁrs,adeomplete hi§ drawing gl‘:y :ﬁ? m!::'
processes which will be fully explained in a subsequent por-

tion of this article, and which we therefore shall wholly

omit here, as the limits of our space will not admit of repe-

tition.  Also, we can hardly describe the method of pro-

ceeding with the drawing until the principles which ought

to guide us in forming the design have been investigated.

As we are totally unacquainted with the course of the Diagonal,
fluid along the bottom of a vessel, it is essential that thebow, and
curves bounding diagonal sections, called diagonal lines, and buttock
the curves bounding vertical sections, called buttock andll"’el’.' od
bow lines, should be attentively considered, and also the 'n“:e’: _lines,
curves bounding the inclined water-sections, that they may
be such as, by comparison with other and acknowledged
fast ships, may be presumed to be conducive to velocity. It
must constantly be remembered, that naval architecture is
a science of comparisons and of analogies; and no pains
must be spared in rendering them subservient, not only to
the design in progress, but to the eventual perfection of
the science.

An important consideration connected with the forming Alteration
the design of a ship is involved in the gradual alteration ofof seat in
the vessel’s seat in the water from the consumption ofWater from
stores. It is not only essential that a ship should be pos- ("™ 2P
sessed of stability combined with easiness of motion, be.;::":
weatherly and quick in manceuvring when she is stored
and completed for foreign service as a ship of war, or fully
laden as a merchant-ship ; but it is equally essential that
she should be possessed of these qualities towards the expi-
ration of her cruize, or on her return light from her voyage.

Designs for ships to be as perfect as the present state of
knowledge can make them, must be made with reference to
several water-lines.

We see, therefore, that there are difficulties opposed toMerchant-
the improvement of the forms of merchant-ships, which doships more
not exist to the same extent in opposition to ti: improve- Jncertain
ment of the forms of ships of war. ltw:hh'“e’

s ; i . ips

In the designing of ships of war, the nature of the service of war
in which they will be employed is known, and the lading, ’
in comparison with that of a merchant-ghip, is a constant
quantity : it is therefore only necessary to endeavour to ob-
tain a maximum of good qualities in relation to these cir-
cumstances.  But in a merchant-ship the lading is of suchbecause of
a variable nature, both as to quantity and species, that thegreater va-
ship is at different times under very different circumstances ; Fiation of
yet she is subjected to the same trials. Thus an East India- %63t in wa-
man, on her outward voyage, is two feet more immersed than ter.
on her homeward ; and the draught of water of a collier is
reduced, at different times, four, five, or six feet, by which
the stability is generally very much diminished ; and even
with the same draught of water the stability may vary very
considerably, owing to the difference in the nature and dis-
position of the lading, and the consequent effect produced
on the centre of gravity of the ship; and yet, under these
different circumstances, the ships are exposed to the same
winds and seas. It is evident that if, when at their pro-
per draught of water and stowage, they are only equal to
the trials to which they are subject, they must be very in-
adequate to the contest with such a deduction from their

ers as this would produce ; particularly if their design
e not made with a due consideration of this circumstance.
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Theory.  The loss of stability which results from the diminution
S==v—"of draught of water cannot be compensated by a propor-
tionate arrangement of sail, without incurring other evil con~
sequences. If the quantity of sail, which at all times is
comparatively small in a merchant-ship, be lessened, the
wind on the increased hull might so counterbalance its
effect, that she would be utterly unable to beat off a lee
shore, or make any way on a wind.
causing di- A ship is not only subject to a loss in stability when
minution lightened, but becomes laboursome, on account of top-ham-
°f3".‘b'l"y’ per: her rolling motion is more violent as her diminished
:" ‘:::ﬁfdepth in the water decreases the resistance which is op-
ness. posed to the inclination, and she also generally becomes
more leewardly, owing to the difference made in the re-
sultant of the resistance, the diminution of the lateral re-
sistance, and of her power of carrying sail.

That these effects are to be dreaded, is proved by the
enormous loss of lives and property in light merchantmen,
and especially light colliers.

Thus, for a ship which is intended for the varicus pur-
poses of commerce, to be at all equal to a ship destined only
to sail with a constant lading, more art is required in the
design. But though this is a difficulty which opposes itself,
it is no bar to progressive improvement, which is evident,
as.we are now suffering under the effects of such improve-
ment, made, under all the same obstacles, by foreign powers.

Sacrifice of  That the forms of merchant-ships may at all be benefited
burthen by the application of that knowledge which is possessed of

Decessarys the principles of naval architecture to their construction, a

sacrifice in part must be made of those qualities which have
hitherto been considered too exclusively at the expense of
others. These are great capacity under small dimensions,
and few men to navigate them.

by increas- To enable them'to sail and work well, their resistance
ed dimen- must be diminished and their stability improved by an in-
S ortion Crease of dimensions in comparison with the displacement,
fomdg:ph: by which they would gain in velocity, easiness of motion,
ment. power to carry sail, and consequently safety. But this
would require a proportionally greater quantity of sail, and
of course a larger crew to manage it; yet as other na-
tions possess better ships than ourselves, and have there-
fore subjected themselves to this inconvenience of larger
crews, that must not be considered as an insurmountable
obstacle.

. As the body of a ship is not generally any regular figure,
the rules which determine the contents of regular solids will
give only ntrlproximations when applied to finding its con-
tent ; but the error arising from the application of the best
methods now used for calculating disp
as to be utterly insignificant in practice. !

The rules most applicable, and at present most generally
applied, to the measuring of curvilinear spaces, by naval
architects, are those published by Atwood in the Philoso-
phical Transactions of the Royal Society for 1798. “ They
are founded on Sir Isaac Newton’s discovery of a theorem,
by which, from having given any number of points situated
in the same plane, he could ascertain the equation to the
curve which would pass through them all ; and by means
of this equation was enabled to express the ordinate in the
curve corresponding to an abscissa of any given length, as
well as the area intercepted between any two of the ordi-
nates.”

In order to determine the area of any curvilinear space by
these rules, parabolic curves are supposed to pass through
the extremities of a certain number of equidistant ordinates,
derendent on the order of the parabola ; for a conic para-
bola three ordinates, for a parabola of the third order four
ordinates, and so on. It is evident that the correctness of
the approximation of the parabolic area to the area of the
required curvilinear space, is dependent on the distance be-
tween the ordinates ; as on that depends the nearer or the

ements i8 so small

Atwood’s
rules for
areas of
curvilinear
spaces.
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more remote coincidence of the parabolic curve with the Theory.
curve bounding the area required. An almost mathema-
tical accuracy is attained in naval architectural calculations
by assuming the ordinates to be one foot apart, even in those
portions of the curvilinear areas in which the alterations of
the ordinates are the most rapid, as in the fore, after, and
lower parts of the body. But spaces considerably longer
than this will be found to give results of great correctness.

Atwood gives eight theorems for measuring curvilinear Two only
spaces, two only of which are necessary for the purroses ofin use.
the naval architect. The first of these is applicable when First rule.
the number of equidistant ordinates is odd. It is founded Number of
on the assumption, that each portion of the curve which gad“‘m
passes through the extremities of three successive ordinates
is a part of a conic parabola, and that the first of the three
ordinates of each succeeding portion is the last of the three
ordinates of the preceding portion. It is not necessary in
this article to prove the correctness of these rules ; it is suffi-
cient todescribe their application to the subject of the article.

The first rule is as follows : Measure the lengths of all the
equidistant ordinates. Take the sum of the extreme ordi-
nates, then take the sum of the second, fourth, sixth, or even
ordinates, and multiply it by four; and then take the sum
of the remaining ods ordinates, or the third, fifth, &c., and
multiply it by two. To the sum of these two products add
the sum of the extreme ordinates, and multiply this sum by
one third of the common interval between the ordinates ;
the result will be the approximate area required.

The second rule, which is frequently useful, is applicable Second
when the number of ordinates is one greater than a mul- rule. Num.
tiple of three. It is founded on the assumption that each ber of ordi-
portion of the curve which passes through the extremities ::ed: %’;’
of four successive ordinates is a part of a cubic parabola, yyityamul.
and that the first of the four ordinates of each succeeding tiple of 3.
portion of the curve is the last of the four ordinates of the
preceding portion.

This rule is as follows: Measure the lengths of all the
equidistant ordinates. Take the sum of the extreme ordi-
nates, then take the sum of those remaining ordinates which
are one greater than a multiple of three, as the fourth, se-
venth, tenth, &c., and multiply it by two; and then take
the sum of all the remaining ordinates, and multiply it by
three. To the sum of these two products add the sum of
the extreme ordinates, and multiply this sum by three
eighths of the common interval between the ordinates ; the
result will be the approximate area required.

Now, if we suppose that we have a solid formed by the Their ap-
revolution of a curve, and that the cubical content of that plication to
solid is required, we may first, by the application of either find the
of the before-mentioned rules for obtaining the areas ofﬁgﬁff'““ of
curvilinear spaces, find the areas of a series of parallel and ’
equidistant sections of the solid. Then, if we consider these
areas as expressing ordinates to the abscissa of a curve, we
shall have a curvilinear plane surface, the area of which
will express the cubical contents of the solid. For it is
evident that every increment of the assumed curvilinear
area has correctly represented the contemporary increment
of the solid.

We have here, then, rules of easy application, by which
the areas either of the transverse vertical or the horizontal
sections of a ship’s body may be calculated, and by which
also, from a series of the areas of either these vertical or
these horizontal sections, the cubical content of a homoge-
neous solid, of the same shape and bulk as the immersed
portion of the ship’s body, may be determined ; which cubi-
cal content, multiplied by the specific gravity of water, will
give the displacement of the slnf.

It will be seen, as we pi with our subject, that it is
necessary to ascertain the position of the centre of gravity
of the homogeneous solid of the immersed part of the ship,
and also, that in proceeding with the work of designing the
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Theory. form of a ship’s body, it will be necessary, in order, in the
S~ earliest steps, to confine the position of this point to cer-
gme tain limits, to calculate the situations of the centres of gra-
centre of  Vity of the load water-section and of the midship section;
gravity of that these points, which will necessarily have great influ-
the homo- ence on the position of the centre of gravity of the dis-
geneous  placement, may be determined with reference to their in-
mig‘ fluence on the pesition of that point. These calculations
body, and are effected by a further application of the rules of approxi-
of Je load mation already given.

waterand  Every transverse ordinate of the load-water section be-
:";‘sz;l:. ing bisected at its intersection with the vertical longitu-

Its position dinal section passing through the stem and stern-post, the
in the load centre of gravity of the load water-section will necessarily
water-sec- be in the line of these intersections; it becomes therefore
tion;  necessary only to find its position in this line. For the
l'll'ﬁ'-h" mid- game reason, that of the bisection of the ordinates, the
tion.°~  centre of gravity of the midship section will be in the line
! of its intersection with the vertical longitudinal section,
passing through the stem and stern-post; and it becomes
therefore only necessary to determine its position in this
vertical line. And again, the centre of gravity of displace-
ment must be always in the same before-mentioned verti-
cal longitudinal section, unless the vessel be inclined from
the upright, which consideration does not enter into the
present question ; it becomes therefore necessary to find its
position in this section. In respect to length, this will be
found in the line of intersection of some one of the trans-
verse vertical sections with this vertical longitudinal sec-
tion ; and in respect to depth, in the line of intersection of
some one of the horizontal sections with this same vertical
longitudinal section ; and, consequently, the position of this
centre of gravity of the displacement, or, as some writers
call it, the “ centre of buoyancy,” will be in the point of
intersection of the three planes.
Generalex- _In order to determine the positions of these several centres
pression for of gravity, we must make use of this proposition in mecha-
centres of picg, If perpendiculars be drawn from any number of
8™VIYY.  bodies to a given plane, the sum of the products of each
body, multiplied by its perpendicular distance from the
plane, is equal to the product of the sum of all the bodies
multiplied by the perpendicular distance of their common
centre of gravity from the same plane; and also of its
corollary, that if any of the bodies lie on the other side of
the plane, their distances must be reckoned as being nega-
Applica- tive. In applying this theorem to find the centre of gra-
tiou to cur- vity of any curvilinear space, by the application of either
vilinear  of the before-mentioned rules of approximation, each ordi-
t‘my nate must be multiplied by its perpendicular distance from
3 . " . .
some given line, usually in a section near one of the extre-
mities of the vessel : these products are then used as ordi-
nates, and the rule is applicxli and the calculations made, in
the same manner as for finding the area of a space, the re-
sult, however, being the moment of the space. The mo-
ment of the space on the opposite or negative side of the
line that was assumed from which to measure the perpen-
dicular distances of the ordinates, is calculated by the ap-
plication of the same means if the area be large ; if small,
a more simple method will easily suggest itself, and the
moment thus obtained is subtracted from the former mo-
ment ; the remainder is the total moment of the s ) €8~
timated from the assumed line, and this, divided by the
total area of the same space, will give the distance of its
centre of gravity from the assumed line. In this manner
the centres of gravity of the load water-section and of the
midship section may be found.

The position of the centre of gravity of the displacement
is found by the application of the same rule of approxima-
tion. In order to determine its vertical distance below the
load water-section, a series of equidistant horizontal sec-
tions must be drawn ; then the area of each successive ho-

in the ho-
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rizontal section is multiplied by its perpendicular distance Theory.
below the load water-section, ard these products are used “=—~—~
as ordinates in either of the rules. The result is the mo-
ment of the space between the load water-section and the
lowest horizontal section ; to this must be added the mo-
ment of that part of the body which is below the lowest ho-
rizontal section. This will be obtained by multiplying its
solid content into the vertical depth of its centre of gra-
vity below the load water-section ; the sum of these two
moments is the moment of the whole displacement, esti-
mated from the load water-section ; and this moment, di-
vided by the total displacement, will give the vertical dis-
tance of its centre of gravity below that load water-section.
The position longitudinally of the centre of gravity of the
displacement is obtained in a similar manner, by calculat-
ing the moment of that part of the displacement which is
situated before some one of the transverse vertical sections,
and also the moment of that part of the displacement situ-
ated on the opposite or negative side of the same section;
then subtracting the negative moment from the positive,
the remainder, which is the moment of the whole displace-
ment estimated from the assumed vertical section, divided
by the total displacement, will give the distance of its centre
of gravity from the assumed vertical section.

Instead of multiplying each ordinate by its perpendicu- Mesns of
lar distance from the given line or plane, it is more conve- shorteuiig
nient to multiply the successive ordinates by 1, 2, 8, 4, &c., g"l’es"l:‘g
and the sum of these products by the common distance be- {1y
tween the ordinates, which of course produces the same re-
sult. A little consideration, in the course of performing
the foregoing calculations, will suggest methods by which
some of the labour may be lightened ; such as the arrange-
ment of the results in tabular forms, and the connecting the
calculations for determining the areas, contents, or moments
of those portions of the curves or solids towards the extre-
mities with the general calculations. The foregoing ac-
count of the method of making the above calculations is
given merely as an outline. For some of the more minute
details, see Inman’s Notes to Chapman ; and mature consi-
deration of the principles on which the calculations are
founded will suggest all that can be further required.

The constructor having completed the foregoing calcu- Recapitn.
lations, will have ascertained the area of the midship sec- latiou.
tion, the area of the load water-section, the displacement,
the positions of the centres of gravity of these two sections,
and also the position of the centre of gravity of the dis-
placement. 'm areas of the two sections, and the posi-
tions of their respective centres of gravity, were required
to be determined, on account of the influence of these areas
and these positions on the content of the displacement,
and the position of its centre of gravity, and also in con-
sequence of their influence on the stability of the ship. It
must therefore be remembered, that if the results of these
previous calculations do not accord with the intentions of
the constructor, or are inadequate to the development of
his design, he must make such alterations in his curves or
in his dimensions as he may consider necessary, before pro-
ceeding further with his design. And if he shall have suf-
ficiently informed himself on the theory of ships, he will be
enabled to do so with considerable confidence at this stage
of his progress, as to the final result of his work.

We have before said that a body floating on a fluid is Conditions
surported by the upward pressure of that fluid. This body of equib-
will be in equilibrio when the direction of this upward pres- briuw ot a
sure passes through the centre of gravity of the part of the body fuat-
body which is immersed in the fluid, and also through the 35 /%."
centre of gravity of the body. These two centres will g,
therefore be in the same vertical line, and this vertical
line will be the line of intersection of the transverse verti-
cal section in which the centres of gravity of the displace-
ment and of the body are situated, with the longitudinal

tions.
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Theory. vertical section of the body, Consequently, when a ship
= is floating on the water in a state of rest, and only acted
upon by the upward pressure of the water, the centres of

gravity of the ship and of the displacement are in the ver-

tical middle line of the same transverse vertical section.

when act- But when the ship is inclined by the action of some second
ed upon by force, as that of the wind, a part of the body which was
an ';" ° previously immersed is emerged, and a part which was
108 10TC€: ‘above the surface of the water is immersed ; consequently
the form of the portion of the body under the water is al-
tered, and the centre of gravity of the displacement is car-
ried over towards that side on which the increased immer-
sion has taken place, while the position of the centre of gra-
vity of the ship, with reference to its position in the ship,
has remained unaltered, that being the point about which
the revolution has taken place. But though the form of
that part of the ship’s body which is beneath the surface of
the water after the inclination, will differ from the form of
that which was beneath the surface before the inclination,
the total displacement will continue the same, since the
weight of the ship has not been either increased or dimi-
nished by the inclination ; consequently the solid con-
tent, or the displacement of that portion of the body which
is immersed by the inclination, wiﬁobe exactly equal to the
solid content, or the displacement of that portion which is
emerged by the same cause. But the forms of these two
solids, which we shall call the solids of immersion and
emersion, are not necessarily similar, and therefore their
centres of gravity are not necessarily situated in the same
transverse vertical section of the vessel. If the centres of
gravity of these two solids should be situated in the same
transverse vertical section, the inclination of the ship will
be round her longitudinal axis ; but if the centre of gra-
vity of the solid of immersion be situated either before or
abaft the transverse vertical section in which the centre of
gravity of the solid of emersion is situated, in either case
the motion of the ship in performing the inclination cannot
Their ef- be round an axis coincident with its longitudinal axis; and
fict on the the position of the centre of gravity of the displacement, in
centre °&. passing to leeward of the position which it occupied before
ﬁ{:‘;ﬁ; the inclination took place, will be influenced by the rela-
ment. tive situations of the centres of gravity of these solids of
immersion and emersion. As this irregularity of motion
is injurious to the shi
lating the form of the body, both above and below the
load water-section, in such a manner that the centres of
gravity of the solids of immersion and emersion may be in
the same transverse vertical section of the ship. The form
of that part of the body situated above and below the load
water-line is also dependent upon the following considera-
tions. Although the total displacement after the inclina-
tion must necessarily be the same as that before the incli-
nation, the shape of the ship’s body may be such that there
will be a tendency to immerse a greater or a less solid on
the one side than is emerged on the other ; which tendency
will have the effect of causing the axis of rotation, and con-
sequently the centre of gravity of the ship, to rise or fall in
space during the inclination, and fall or rise in space dur-
ing the return to the upright position ; for since the total
displacement of the ship continues constant, the solid which
isactually immersed cannot exceed that which has emerged.
It is therefore evident that the existence and extent of
this motion must depend upon the position of the centre of
gravity of the ship, and also on the form of those parts sub-
ject to alternate immersion and emersion. For the better
illustration of this point, we will suppose a ship of such a
form, that when she is floating upright on the water, her
sides between wind and water, that is, those parts of her
sides subject to the alternate immersion and emersion, "are
First case. vertical. We will first assume that the centre of gravity
«of this ship is coincident with the centre of gravity of the

Solids of
emersion
and im.

mersion.

Their ef-
tect on the
. centre of
gvavity of
the ship.

it is desirable to obviate it by regu- -
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load water-section. In this case there will evidently be no Theory.
tendency in the ship either to rise or fall during the inclina- “~=—y—
tion, because the two prismatic solids intercepted between
the load water-sections before and after the inclination are
equal, and the axis of revolution of the ship is coincident with *
the line of intersection of the two load water-sections. Now, Second
if we assume the centre of gravity of the ship to be situated case-
beneath the load water-section, and the inclination to take
glace, this centre being the axis of inclination, there would

e & much larger solid immersed than was emerged, be-
cause the line of intersection of the two load water-sections
would be to windward of the longitudinal vertical section
of the ship; but in order to restore the equilibrium be-
tween the upward pressure of the water and the weight of
the ship, the axis of rotation or centre of gravity of the
ship must rise until these two solids become equal. Again, Thirdcaes.
in the case when the centre of gravity of the ship is situ-
ated above the load water-section, it will be evident that
the tendency of the inclination of the ship round it would
be to raise a larger solid out of the water than would be
immersed on the other side, unless the weight of the ship,
in its effort to restore the equilibrium between the upward
pressure of the water and itself, were to cause the centre
of gravity of the ship to be lowered until the two solids
became equal. Now, if we suppose the sides of this same General
ship were formed in such a manner as to fall outwards from conclu-
the load water-section upwards, we shall easily perceive,sions.
that in the case where the centre of gravity was supposed
to be beneath the load water-section, the injurious quality
would be increased ; while in the case in which it was sup-
posed that the centre of gravity was above the load water-
section, it would be diminished. The foregoing examples
are sufficient to illustrate the principle on which this cause
of uneasiness of motion in a ship depends, and also to point
out the means which must be taken to obviate it. - We
see, then, that it is essential, not only that the centres of
gravity of the solids of immersion and emersion should be
in the same transverse vertical section, but also that these
solids should be as nearly equal to each other at all incli-
nations as possible, and that the greater the deviation from
equality between the solids of immersion and emersion, the
greater the strain the ship will be subjected to, and the
greater will be the uneasiness of her motions.
In order to obviate this fault, it would be necessary to Adjust-
compute the exact ;l)osition of the centre of gravity of thement of
ship when completely ready for sea, that the correct pris- ;xhd? so-
matic solids of immersion and emersion might be ascertain-
ed and adjusted to equality, and to have their centres of
gravity in the same transverse vertical section. But the Labour
computation of the exact position of the centre of gravity attendant
of a ship completely fitted is a task of such magnitude, and, o0 deter-
in consequence, of such hazard of incorrectness, that it mn:'el::;gof
scarcely be considered practicable. Its position must be de- gravity of
termined in relation to the three dimensions, length, breadth, ship.
and depth ; relatively to two of these, however, it is ascer~
tained from the consideration that it is necessarily in the
same transverse vertical section as the centre of gravity of
the displacement, and that, as it must also evidently be in
the longitudinal vertical section of the ship, it must be in
the line of intersection of this transverse vertical section
with the longitudinal vertical section of the ship. But its
position in relation to the load water-section, if not deter-
mined by experiment, must be ascertained by a most te-
dious and laborious calculation of the moments of the weights
estimated from the load water-section, the sum-total of
which moments being divided by the displacement of the
ship, will give the perpendicular distance of the centre of
gravity from the load water-section. This has been
gone through for several two-decked line-of-battle ships at

"the late School of Naval Architecture, and it was ascertain-

ed that the positions of their centres of gravity varied from
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Theory. seven to nine inches above the load water-section. We
“==—v—=shall, in its proper place in this article, describe the manner

To deter-

of finding experimentally the position of the centre of gra-
vity of a ship, merely here premising, it is assumed gene-
rally, that in ships of war the centre of gravity is rather
above the load water-section.

In almost all classes of vessels, several of the transverse
vertical sections on each side of the midship section are si-
milar and equal to it, and generally the form of these sec-
tions is such, that there would be but little disturbance, dur-
ing the inclination of the ship, in the adjustments of the
solids of immersion and emersion ; but the sections before
and abaft these, as they approach the extremities, become
more dissimilar in those portions of them above and below
the load water-section ; consequently, although, as has before
been said, the total volumes of immersion and emersion
must necessarily be equal, the areas of the sections of the
immersed and emerged solids, at any given transverse ver-
tical section of the body, need not be equal; it becomes there-
fore necessary.to determine the position of the intersection
of the inclined load water-section with the load water-sec-
tion of the ship in her upright position.

Suppose G (fig. 1) to be the centre of gravity of the

mine line of ghip, A B the water-line

intersec-

tion of ho-

rizontal
with in-

clined load point D. From the
water-sec- centre of gravity G

tion.

when she is upright, Fig. 1.
and let it cut the ver-
tical line GC in the

(-]

draw GY, making the
angle DGY equal to
the supposed angle of
inclination of the shi
Take GY equalto GD,
and through the point
Y draw the line OR
ﬂshrpeudicuhr to GY.
en OR is the water-
line which the ship will O
assume after the in-
clination. Let this inclined water-line intersect the water-
line AB in the point 8. Through D draw NManl-
lel to OR. It is clear that, supposing the centres of gra-
vity of the solids of immersion and emersion to be in the
same transverse section, in every vertical transverse sec-
tion of the ship the distance DS will be the same, and the
several points S, S, S, will be in the straight line forming the
intersection of the two load water-sections, which line of
intersection will be parallel to the lo:igitudinal axis. Now,
if, by a calculation of the contents of the solids of immer-
sion and emersion, which are r ted in the figure by
the triangles ASR and BSO, which contents may be calcu-
lated by either of the rules for approximation, they are not
found to be equal, they must be altered until they become
so. In order to find the position of the point 8, or the dis-
tance DS, we have the area ASR equal to the area BSO,
which call equal to A, and let the area DSRM = g, and the
area DSON = b,

then ADM = A + a,
BDN=A—}%
and ADM — BDN =a +5 =MNOR
= MN X ST nearly,
= MN x DS X sin. of inclin.

ADM — BDN
MN X sin. of inclin.’

In order to obtain the areas of the sections of the pri
matic solills, chords may be drawn in each, which will di-
vide it into two others, a triangular and a parabolic area.
The triangular area will be equal to half the product of the
base multiplied into its perpendicular height. The para-

or DS=

bolic area will be equal to two thirds the base multiplied in« Theory.
to its perpendicular height. The moment of each of these ~—v—~
areas may then be found by taking the sum of the product of

the area of the triangle multiplied into the distance of its

centre of gravity, estimated along the inclined line from

the point S; and that of the product of the lic area
multiplied into the distance of its centre of gravity, also
estimated along the inclined line from the point S.

We have said, that when a ship is floating in equilibrium Explana-
on a fluid, the vertical upward pressure of the fluid acts in tion of the
the straight line passing through the centres of gravity both {;;" stabe
of the displacement and of the vessel ; but that when she
is inclined by the action of any force, as that of the wind,
the centre of gravity of the displacement is carried to lee
ward of its former position ; and as the vertical pressure up-
wards of the fluid still takes place at the centre of gravity
of the displacement, its direction should also pass to leeward
of the position of the centre of gravity; and thus a force is
generated the tendency of which is to enable the ship to
recover her upright position. We will now investigate the
expression for the value of this force, in order to show the
principle on which the actual calculation of its amount in
ships is necessarily founded.

Investigation General Ezum the Stability of a
Ship, and %;a'lpaon of Maﬁg of calculatmggl'he

Let ABC (fig. 2) be the midship section of a ship, and
Fig. 2.

AC the line of its intersection with the surface of the water.
Su ac to be the same line when the ship is inclined,
K m the point of intersection of the two lines. Now,
by the inclination of the ship, of which we have taken the
midship section to be a representative, a solid will be im-
mcrsefr on the lee side of the longitudinal axis, and an e«g:aln
solid emerged on the weather side of the same axis.
these solids respectively I and E, and suppose them to be
concentrated in their respective centres of gravity. Let
the horizontal distance between the centres of gravity of
these two solids be 5. Then, since the inclination of the
ship has had the effect of taking the solid E from the dis-
placement on the weather side of the middle line, and has
added the solid I to the displacement on the lee side of the
middle line, the same effect is produced as if the solid E
had been transferred to I; and the moment produced by this
transfer, which would be &I or BE, is the moment which is
actually produced in the horizontal direction along the dis-
tance b.

Let G be the centre of gravity of the ship, F the centre
of gravity of the displacement when the ship is upright, O
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Theory. the centre of gravity of the displacement when the ship is

rpendicular to ac. Then, after the
inclination, the line OM will be vertical. From Fand G
draw FT and GV, perpendicular to OM, and from G draw
GZ parallel to MO, cutting FT in Z.

Now, when the ship has inclined so that the point O be-
comes the centre of gravity of the displacement, the up-
ward pressure of the water acts on the then vertical line
OM, with a force equal to the weight of the ship, because
it su that weight ; that is to say, with a force equal to
the displacement, which we will represent by D. But the
axis of revolution is the point G the centre of gravity, and
GV being drawn from this point perpendicular to the direc-
tion OM in which the force acts, D the displacement multi-
plied by GV, its perpendicular distance from the axis of ro-
tation, will be the force exerted to right the ship, or make
it resume its upright position. But, by the construction,

DX GV=D X FT—D X FZ
Now D x FT is the horizontal moment of the displacement
produced by the transfer of the solid from the weather to
the lee side of the middle line ; it is therefore equal to the
horizontal moment 51, and consequently we have the effort
to right the ship, or the moment of stability, as it is called,
=bl—DxFZ.

But if s be taken = sin. of inclination,

FZ = s X rad. FG,
or if FG =d, then

General ex- moment of stability = 61 — D-ds.

pression.
Its value.

Hence, in order to calculate the actual moment of stabi-
lity of a vessel at a given angle of inclination,

1. Assume an inclined load water-section, cutting the
horizontal load water-section at an angle of which s is the
sine ; and suppose the assumed inclined and the horizontal
load water-sections to intersect each other in their common
intersection with the longitudinal vertical section of the ship.

2. Find, by the methods of approximation, the solid con-
tents of the two prismatic solids of immersion and emersion,
intercepted between the segments of the inclined and the
horizontal load water-sections.

3. Find, by the method of approximating to the area of
plane surfaces, the area of the above-mentioned assumed
inclined section.

4. Find the value of DS (fig. 1), which has been shown to
be equal to the differcnce between the contents of the pris-
matic solids of immersion and emersion, already found, di-
vided by the product of the area of the assumed inclined
section, into s, the sine of the angle of inclination.

5. Through the point S draw a section parallel to the as-
sumed inclined section; find in each vertical transverse sec-
tion the areas of each of the sections of the true prismatic
solids of immersion and emersion ; and also find the horizon-
tal moments of these areas from the point S.

6. Fiod the horizontal distance of the centre of gravity
of the whole emerged solid from S, assuming the emerged
solid to be equal to half the sum of the two solids of immer-
sion and emersion, which are intercepted between the seg-
ments of the assumed inclined load water-section and the
horizontal load water-section.

7. Find also the horizontal distance of the centre of gra-
vity of the whole immersed solid from S, assuming the im-
mersed solid to be equal to half the sum of the same two
solids of immersion and emersion.

" 8. Add these two distances together ; their sum will be
the horizontal distance between the centres of gravity of
the golids of immersion and emersion. Take the product
of this distance multiplied into half the sum of the solids of
immersion and emersion, and we shall have the value of the
positive part of the expression for the moment of stability,
or the value of O

9. The product of three quantities, the displacement, the
distance between the centres of gravity of the ship and of
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the displacement, and the sine of the m‘gle of inclination, Theory.

will give the value of the negative part of the expression.

10. Subtract the value of the negative of the ex-
pression from that of the positive part, and the remainder
will be the value of the expression for the moment of sta-
bility of the ship at the given angle of inclination.

It will be seen that the calculation of the moment of
stability of a ship is very laborious. Several of the
above enumerated in order, will, however, have been al-
ready taken for other purposes. The calculations may be
considerably shortened by assuming a value for the distance
DS, or the distance that the point S is from the middle line
of the ship. We have already described the method of as-
certaining this distance correctly, but generally it may be
assumed to he about two or three tenths of a foot-at first ; and
if the solids of immersion and emersion are not found to be
equal, or very nearly so, with that assumption, another point
must be taken, either within or without the former, accord-
ing as the solid of immersion or emersion is the lesser. If
e be the difference between the two solids, and a the area
of the first assumed inclined section, if & be the ndi-
cular distance between the true inclined section and the

section we have assumed, az will equal ¢ nearly, or x = %,

which distance must be set off perpendicularly to the as-
aumedssecﬁon, and we obtain the correct position of the
point S.

In order to determine the distance d between the centre
of gravity of the ship and the centre of gravity of the dis-
placement, the distance of the centre of gravity of the shi
above or below the load water-line must be ascertain
To avoid the labour attendant on obtaining the position of
this point by calculation, it may be determined exeri-
mentally in each class of ships of war when fully stowed and
equipped.

)Ietlwdqfacwlaiaiagge Centre of Gravity of a Ship by
Tperiment.

We shall describe two methods of performing this expe- On what

riment. The first of these was pro
he strongly recommended that it should be made on ships
of all classes. The principle on which it is founded is as
follows. Various weights on board are removed in a trans-
verse direction, 80 as to cause the ship to incline ; and the
momentum of the total weight so removed will necessarily
be equal to the moment of stability. Now the momentum of
the weight removed will be equal to the product of the
weights, the distance they are removed in a Lransverse di-
rection, and the cosine of the angle of inclination ; which
uantity, therefore, is equal to the moment of stability. If
represent the weights, a the distance they are removed,
and c the cosine of the angle of inclination ; then, 3] — Dds
being the expression for the moment of stability, we have

this equation,
W:a-+c= bl — Dds,

8l ~Wra-c
sd= S Y
in which d, the distance between the centre of gravity of
the ship and the centre of gravity of the displacement, is
the onry unknown quantity, and may therefore easily be
found.

d by Chapman, and grinciples

‘ounded.

We shall now describe the method by which this expe-Its applica-

riment was applied to determine the centre of gravit
majesty’s ship sloop Scylla, of eighteen guns, and whic
was originally an eighteen-gun brig. She was lying in
Portsmouth harbour in May 1830, under the command of
Captain Hindmarsh, at whose request the experiment was
performed, by the late Mr Morgan of the School of Naval
Architecture, then a foreman of her majesty’s dock-yard at
Portsmouth, assisted by the writer of the present article.

of her tion to the
which Seylla.
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Theory. These particulars are mentioned because it was the first, if
=V~ it be uot the only, example, in this country, of determining

the‘lg::sition of the centre of gravity of a ship experimentally.
e draught of water was taken very correctly, the
water being smooth, and was found to be, forward eleven
feet six inches, abaft fourteen feet ten inches and a half.
The depth of the keel and false keels below the lower edge
of the rabbet of the keel was, forward one foot nine inches,
abaft one foot three inches. The ship was perfectly up-
right, all the weights, inclusive of the crew, Eeing equally
balanced on each side. A large quadrant marked to a scale
of degrees, with a plumb attached to the centre, was fixed
in the main hatchway, to measure the inclination. The
stations of the carronades and long gun on one side were
marked on the deck, they were then moved to the other
side, keeping them in the same transverse lines ; the shot,
the hammocks, and the crew, were also passed over to the
inclined side, under the same condition. The distance
which every weight had been moved was then measured.
The weight of the shot moved was known, the weights of
the long gun and the carronades were taken from the
weightg marked on them, and the weights of thdmen and
hammocks were obtained by weighing them. The inclina-
tion of the ship was then observed to be 6° 20". The pro-
duct of the weights which had been moved, multiplied into
the distances they had been moved in a transverse direc-
tion, in feet, was equal to 264:5 tons. This moment, multi-
plied into the cosine of the angle of inclination, was evi-
dently equal to the moment of the stability of the ship.

Let D be the displacement of the ship in tons; I the vo-
lume immersed by the inclination, also in tons; b the dis-
tance between the volumes immersed and emerged ; and d
the distance between the centres of gravity of the displace-
ment and the ship.

Then 51 —dB X sin. 6° 20/ = 264+5 X cos. 6° 20,
d= 51— 264-5 X cos. 6° 20/
- gin. 6° 200 D

By substituting the values of bI and D obtained by calcu-
lation, in this expression, the value of d, the distance be-
tween the centre of gravity of the displacement and the
centre of gravity of the ship, is obtain

446-2 — 262-8
d= —W = 36 feet.

The distance of the centre of gravity of the displacement
below the load water-line being equal to 3:97 feet, 397
— 86 = +37 will be the distance of the centre of gravity
of the ship below the load water-line at the time o -
ing the experiment.

When the ship was at Spithead, completely fitted out,
with every thing on board that was deficient at the time of
making the experiment, and with her provisions and stores
for four months, the draught of water was again taken, and
found to be, forward tweFve feet six inches, abaft fourteen
feet ten inches. The weights of all the articles brought on
board since the experiment amounted to 33'4 tons, and the
moment of these weights calculated above the water-line
at the time of sailing was = 193 tons; the height of the
centre of gravity of the sails being estimated as in the case
of a top-gallant breeze. :

“The moment of weights below this water-line at the time
of making the experiment = 401 tons,

401 — 193
958 = 42 feet.

The situation of the centre of gravity of the ship was 42

foot, or five inches, below the water-line, at the time of
sailing.

had left the harbour, must, from the great hurry incidental Theory.
to any observations made at the time of a ship’s sailing, “=v——
throw some doubt on the correctness of the final result ; and

it would be therefore desirable that it should receive the
confirmation of a second trial on some similar ship, before

its being assumed as conclusive to be the correct position

of the centre of gravity of a sloop of war.

The second method was proposed by Mr Abethell, a Experimer
member of the late School of Naval Architecture, and was tal method
published in the second volume of the Papers on Naval Ar- ."}""'" x 'hl‘l’
chitecture. It is applicable whenever a ship is taken into™
dock with the under side of her keel deviating from -
lelism with the upper surface of the blocks. This is almost
always the case ; and it also not unfrequently occurs that
ships are docked “all standing,” and with so large a por-
tion of their armament and stores on board, that the cor-
rection necessary to be made to the result which would be
obtained by the experiment and investigation about to be
described, in order to make that result agree with the cir-
cumstances of any additional armament and equipment,
would be comparatively easy. We will now quote from the
article in question.

“ We will suppose, by the falling of the tide in the dock,
the after-extremity of the keel to come first in contact with
the blocks ; then, as the tide continues to fall, the after-body
is gradually forsaken by the water, and the fore-body fur-
ther immersed, a constant equilibrium being maintained be-
tween the total weight of the shiF and the pressure of the
water against the immersed part of the body, until the ship is
aground fore and aft. At any intermediate instant the sgi
may be considered as a lever of the second kind, of whi
the fulcrum is the transverse line or point of contact of the
keel and after-block, and the power and weight the weight of
the immersed volume and that of the ship respectively, each
acting in the vertical line passing through its centre of gra-
vity. As we can, by mensuration and calculation from the
draught of the ship, easily find its weight, that of the im-
mersed volume, and the perpendicular distance of the line
of pressure from the fulcrum ; in the equation of the mo-
ments, the distance of the vertical line passing through the
centre of gravity of the ship is the only unknown quan-
tity, which is therefore readily determined. AN (fig. 8)

represents the water-line corresponding to the floating po-
aitli)on of the ship, and KL the observed water-line just
reviously to the fore-part of the keel touching the blocks.
g‘he line PBO, pergendiculnr to AN, passes through the
centre of gravity of the displaced volume AFMN, and
consequently through that of the shili.( Draw QH thmugl:
the centre of gravity of the volume KFML, perpendicu
to KL, and FG through the fulcrum F, lel to QH.
Then, putting the total displacement AFMN = V, KFML
=v, and GH = 6; if the line SEO, parallel to QH, be

drawn at the distance GE from G equal to %—':, it will, as
well as PBO, pass through the centre of gravity of the ship,

ness of the T he correction to the result of this experiment which we
experiment 8€€ had to be made at Spithead, in consequence of the ad-
doubtful. ~ ditional weight that had been taken on board after the ship

which will be in O, the pomnt of their intersection.
“ To obtain from these considerations a general expres-
sion for the perpendicular distance of the point O from the
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Theory. water-line AN, 38w AD perpendicular to EG, and meet- from the middle line of either, so that the infinitely small Theory.
~=—v—ing it, when produced, in D apd, having calculated the solids of immersion and emersion may be considered to be “~—v—"
vafues of AB and GE, put AB =q,DE or DG+ GE=4d, equal to each other. Then the point in which the new line of
and the angle of inclination between the water-lines AN direction of the vertical upward pressure of the water will

dKL = A: then BO = d 1 hich cut the line of direction of the same vertical pressure be-
an =4;then 5O = (coe N “)m swhichmust g0 the inclination, is the point beneath which the centre
be set off upon the perpendicular PBO, above or below AN, of gravity must necessarily be sitfuatgd to insure tihe vessel’s
floating on the water in the equilibrium of stability.
according as e A is greater or less than a.”

In order to determine the height of the metwent:; abovcz_
. the centre of gravity of the displacement, let the hal
m&?ﬁf?ﬁ;ﬁ;&e}xﬁm byi;v::ct:ln;he cg:::v:: breadth at the water-line AB of the midship section ADB
proposed by Don Juan d’Ulloa, a §;:mh writer on naval (fig. 4) = y. Let E be the centre of gravity of the dis-
science, and a navigator and mathematician of very great

Other me-
thods.

eminence, whose works are among the best extant on the Fig. 4.
subject of the theory of ships. ey have been translated G

into French ; and the description and investigation of the
experiment for finding the centre of gravity of a ship has
been translated into English by Mr Read, in the Essays and
Gleanings on Naval Architecture, a periodical work con- :
ducted for a short time with great ability by Messrs Laire, 3
Read, and Chatfield, all members of the late School of Naval

Architecture. Another method was proposed by a student

at the same establishment, since dead, named Barton. This -
method was published in the fith number of Papers on

Naval Architecture. - ] J'

A

Ferror in We have hitherto, throughout our investigations, assumed '
the as-  that the vertical pressure upward of the water to support a
sumption ship acting in the direction of its resultant, must exert a
““"‘,21" force tending to resist the force of the wind by which we
;:::um have supposed the ship to be inclined. We shall now pro-
necessarily ceed to show that this is not necessarily the case, but that

the tendency of this force may not be to act in the manner
we have hitherto assumed it as acting ; and that its effect is
dependent upon the position of the centre of gravity of the
ship, the point around which she is supposed to revolve in
inclining. There are three cases which may occur. The
first is, that the vessel, when acted upon by the force of the
wind, may assume a permanent inclination. This perma-
nent inclination would ensue if the resultant of the upward
pressure of the water were, after the inclination, still to pass
through the centre of gravity of the ship. The second case
is that in which the vessel would recover the upright posi-
tion immediately on the removal of the inclining force.
This would ensue whenever the resultant of the upward
pressure of the water, after the inclination, would pass on
the immersed or lee side of the centre of gravity of the
ship. The third case is that in which the effect of the ver-
tical upward pressure of the water would be to increase the
inclination of the ship. This would ensue whenever the
direction of the resultant of the upward pressure would pass
on the emerged or weather side of the centre of gravity of
the ship. These three states of equilibrium, which arise
from these considerations, are called the state of insensible

uilibrium, of equilibrium of stability, and of equilibrium
of instability.

On the Metacentre.

1t is evident, from the foregoing considerations, that there
is some limit to the height of the centre of gravity of a
ship, and below which it must necessarily be pﬁmd, in or-
der that the upright position may be recovered ; that is,
that the ship, when inclined by the force of the wind, may
be in an equilibrium of stability. The situation of this
point was first investigated by Bouguer, who called it the
melacentre, which name has been generally adopted by sub-
sequent writers on naval architecture. Its height is deter-
mined in the following manner : The vessel is su d to
be inclined through an infinitely small angle of inclination,
that the intersection of the new load water-section with that
previous to the inclination may not be supposed to deviate

placement before the inclination, F the centre of gravity of
the displacement after the inclination, and let ab be the
new water-line ; then through E and F draw EG and FG
respectively perpendicular to the water-lines AB and ab.
They will meet each other in some point G. G, the point
of their intersection, is the metacentre, and EG is the height
of the metacentre above the centre of gravity of the dis-
placement. °

The triangles ACa, BCb are equal, by the conditions
of the consruction ; and if z be the length of the pris-
matic solids of immersion and emersion, ACa‘dx and
BCb - dz are equal, and may be supposed to be concen-
trated in their respéctive centres of gravity M and N, MN

being by censtruction gy Then the moment of the trans-
fer of the solid of emersion to the position of the solid of
immersion = BCb'dz'gy. Let Aa=Bb=b. But the

triangle BCh = %-b, therefore the moment of immersion

= §,¢bdz, therefore‘/éy’bdz — D-EF; but

EF
b:y::EF:EG. 6-E§y.
By substituting and multiplying both sides by -II':;'—;,;-

J 5s%z=DEG, S =G

The height of the metacentre is the measure of stability A measurs
tg ne- of stubility.

used by the French naval architects, and indeed
rally by all since the first investigation of its principles by
Bouguer in his Traité du Navire. The error in its prac-
tical application is, that the investigation involves the erro-
neous supposition, that the transverse sections of the im-
mersion and emersion are right-angled triangles, and that
the horizontal distance between their centres of gravity is
two thirds the breadth of the load water-line. ese ag-
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Theory. sumptions are only true at an infinitely small angle of incli-
=== nation, and at such only, therefore, is the height of the me-
:;:;‘nﬁ:';':lz tacentre a correct measure of stability. Atwood, who pub-
of incling. lished two papers on the stability of floating bodies, in the
tion. Philosophical Transactions for the years 1796 and 1798,

was the first who pointed out the error in the metacentric
measure of stability, and who proved that it was neces-
sary to involve the actual content immersed or emerged,
and the correct distance between the centres of gravity of
the solids of immersion and emersion, in the expression,
in order to apply it to the measuring the stability of bodies
at finite angles of inclination. It is therefore to him that
the theory of ships is indebted for the correct solution of
the problem on which the stability at finite angles of incli-
nation depends.
Atwood's  Atwood agrees with Bouguer in his general reasoning on
reasoning the metacentre, and even admits that it may be used at
on the in- yory gmall angles of inclination, as a sufficiently accurate
correctness 1 oasure of the stability ; but asserts the danger of its ap-
plication to practice as a measure at all angles. He shows
that two ships may have precisely the same load water-sec-
tion, which, supposing tlge relative distance between the
centres of gravity of the ship and of the displacement equal
in both ships, will determine the height of the metacentre
to be the same, and consequently, according to the meta-
centric theory, the stability to be equal ; and yet, from a
difference in the forms of tie ship#’ bodies within the limits
of the immersion and emersion, the moments of stability,
Practisal when correctly measured, may be very different. But while
error gene- we state this as the result of Atwood’s inquiry, we must ob-
rully unim-gerve, that the practical error between the metacentric me-
portant  ¢hod of Bouguer, and the certainly correct method investi-
gated by Atwood, is not of any in:ﬁorhnce for small angles
of inclination, especially in large ships; and further, thata
constructor who is acquainted with Atwood’s investigations,
and who is therefore aware of the correct principles on which
the stability of ships depends, may ufery apply the meta-
centric method in his practice, as his bodies will be formed
in accordance with the results of Atwood’s” investigations.
It will only be in cases of some important alteration from
reviously existing form, dimensions, or services, that the
abour attendant on the calculations involved in Atwood’s
exqshession will be necessary.
General e question may probably be stated to resolve itself
cunclusions. pearly into this. That ships might be built, in which the
stabilities calculated by the two methods would vary very
considerably ; also, that at very great angles of inclination
the stabilities of ships, such in form as are sometimes built,
would be found to Sisfi'er very greatly when calculated by
the two methods, but that a constructor acquainted with both
methods would never construct a ship, using only the me-
tacentric method in the progress of his work, which would
be proved unstable if Atwood’s calculations were applied to
the finished design.
ydz

In applying the expression )

of the metacentre, we may again have recourse to the
rules of approximation. The common rule for obtaining
the area of a plane surface may be applied, substituting the
cubes of the ordinates of the load water-section instead of
the ordinates themselves.

The result will be the value of 3%z, and two thirds of this
value divided by the displacement will give the height of the
metacentre above the centre of gravity of the displacement.

The reader who wishes to refer to cases of stability as
connected with i forms, should consult Atweod’s

rs in the Philosophical Transactions, or rather Mr

ead’s able simplification of them in the Essays and

Gleanings on Naval Architecture, and also his Disquisition
on the Metacentre, in Papers on Naval Architecture.

to find the height

SHIP-BUILDING.

. . . . ‘Theory.
On the Principal Dimensions of a Ship. ——
In a ship of war the efficiency of the armament is neces- Dimen-

sarily the primary object of the design ; this must therefore sions de-
determine the dimensions: also, whether in a fleet or inpf’;:t:: on
a single ship, the greatest effective force must be obtained o7e ™"
at the least expense ; or, as when ships are built, masted,

rigged, and their armament completed, all of similar mate-

rials, their expenses will vary as their displacements, the

object to be attained is the greatest effective force with the

least displacement.

But there is another point involved in the question of the Variable
efficiency of the armament, which very materially influences quantities
the displacement. It is the time for which a ship is intend- to com-
ed to maintain her armament in an efficient state, without s‘;‘eh::“"
other aid than that which she can carry. This brings us to megat. i
the consideration of the variable quantities which are to be
added to those before enumerated, to complete the load-dis-
placement. The crew is dependent on the armament alone,
and therefore is included in the term armament. But the
provisions for this crew, and the stores for the wear and
tear of the ship and the service of the guns, are dependent
on the time that the ship is intended to remain at sea with-
out replenishing these resources. It is evident, that the
longer this time, the greater must be the displacement, and,
consequently, the larger should be the dimensions in pro-
portion to the armament. .

It results, from the foregoing reasoning, that the nation Practical
with the most wide-spread possessions, and therefore theadvantages
most frequent opportunities for reﬁtt.in‘g and replenishing "-_'ae“dmtf
her fleets, has the advantage over all others. For she may " e"p'u‘x:d
maintain equal armaments at less expense, or superior ar-F )
maments at an equal expense ; while she may also avail her-
self, in the one case, of additional velocity, which may be
attained with the diminished displacement. ,

Many arguments might be deduced from the same con-
siderations in favour of the principle of occasionally design-
ing sj)eciﬁc shirs for specific services. These of course
would only apply to the fleets of those nations which aspire
to wide-spreading and predominant naval power.

We shall now offer some general remarks on the two di- Lengthand
mensions, the length and the breadth. It will be evident, breadth,
from the foregoing observations, that the minimum length 17e" :‘:‘
is the space required for the perfectly efficient working of
the guns, mde‘bmat the minimum breadth is the space re-
quired for their recoil and effective service, without hind-
rance to the manceuvres of the vessel, in the most disad-
vantageous state of weather during which they can be used.

This consideration necessarily involves a defined and a suf-
ficient moment of stability. These minima are the dimen-
sions due to the ship when masted and rigged, and with her
armament completed : any increase is dependent on the dis-

lacement necessary for the additional stowage that may

e required for a specific time of service, longer than that
time for which the ship, as thus determined, would be ade-
quate. Then the increased dimensions due to this increas-
ed displacement being ascertained, under the same condi-
tions of perfect efficiency in the vessel, any increase of one
dimension must be followed by a diminution of the other ;
or the displacement, and consequently the expense, will
be above the limit required for the armament.

We shall now proceed -to show the effect on the quali- Effect of
ties of the vessel, of the separate increase of either dimension ; increase;
always premising, that in each case all things else are sup-
posed to remain the same, excepting the dimension under
consideration. First, then, the len%th. The displacement, of length,
the stability, and the resistance to leeway, vary directly as
the length ; therefore we increase all these qualities in pro-
portion to the additional length. But we also increase the
violence of pitching and ’scending ; for the momenta of the
weights in the fore and after bodies vary as the squares of
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SHIP.BUILDING. ’

their distances from the axis of rotation, consequently we
increase the strain on the combinations of the structure ;
to resist this strain varies inversely as
the length, we diminish the power to resist this increased
strain. By an increase in the length we also increase the
effect of the resistance of the water to the rotation of the
vessel in the manceuvres of tacking, wearing, and other
changes of her course.

By increasing the breadth, and by breadth we mean the
whole breadth of that part of the body included in the li-
mits of the immersions and emersions, we increase the
stability, which varies as the cube of the breadth. Also,
the angular momenta of the weights, estimated from the
axis of rotation, vary as the squares of their distances from
that axis, and the momentum of the stroke of a wave is in-
creased in the same proportion ; therefore the increase of
stability is accompanied by increased violence in the mo-
tions, and consequent increased strain on the combinations
and materials of the structure, and especially danger to the
masts, by which the safety of the vessel may be compro-
mised. The stability of a ship being the quality on which
the efficiency of her armament is essentially dependent, and
which also, by enabling her to carry a press of sail in cir-
cumstances of danger, as a lee shore, or an enemy of supe-"
rior force, is essential to her safety ; the only limit to its
increase is involved in the consideration of easiness of mo-
tion. But if this consideration be neglected, and the
breadth be such that the moment of stability in proportion
to the moment of sail is so large, or of such sudden increase,
that the masts are endangered or the combinations of the
structure prematurely destroyed, the object for which a
large moment of stability was desirable is frustrated. The
breadth, therefore, is limited by easiness of motion.

By increase of breadth we increase the stowage, which
varies as the breadth; but since the direct resistance to
the progress of the vessel also varies as the breadth, in this
case we do not gain increase of stowage without an increase
of the direct resistance.

Having thus pointed out in general terms the effects of
an increase either of length or breadth, we shall quote from
a very able article in the fifth number of Papers on Naval
Architecture, written by Mr Bennet, a member of the abo-
lished School of Naval Architecture, containing some more
particular observations on the breadth of vessels in proportion

Small shipsto their armament and in relation to their stability. « The

should

have great- whereas the s

er relative
breadth
than large
ships.

ips increase as the cubes of their dimensions,
ility increases as the fourth power of their
dimensions. The inference to be drawn from this is, that
small ships should have greater relative breadth than large
ships. This, however, must be understood with certain limi-
tations : it may be a general, but not an universal truth.
Were all ships homogeneous ; thus, if a navy consisted en-
tirely of corvettes, the corvette of eighteen guns ought to
be relatively broader than the corvette of 120 guns: this
is a rule without any exception. It may be farther observ-
ed from the previous remarks, that the corvette of eighteen
guns should be relatively broader than the three-decked
ship of 120 guns ; but if a ship were built to carry 120 guns
on four or even on five decks, her relative breadth should
then approximate to, and should most likely exceed, that
of the corvette, in order to insure sufficient stability. The
consideration of this simple case may tend to elucidate the
principles of stability when applied to cases of greater diffi-
culty. If a three-decked ship of 120 guns is to carry the
same force on a greater number of g:cks, her absolute
length would of course be reduced; and supposing her
breadth to remain the same, the positive part of the expres-
sion of stability would be thereby diminished. The dis-
placement, which is one element of the negative part of
the expression, would probably remain nearly the same, as
the additional weight of topside might counterbalance the

capacities of B::Ee
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;reduction of weight occasioned by less length. If the dis- Theory.

placement be equal in each case, the draught of water ‘“=—y~~/

would be increased from the diminution of length ; this
would lower the centre of gravity of displacement, which,
together with the centre of gravity of the ship being raised
by the additional weight above the water, would increase
the distance between the centre of imvity of the ship and
that of the displacement. On the whole, therefore, the po-
sitive part of the expression would be diminished and the
negative part increased, so that the stability would be less
in'a ship of the same force and breadth as another ship,
but which carried her guns on a greater number of decks.

« Having seen the necessity, in the case of a ship carrying
the same number and weight of guns as another ship, but
on more decks, of increasing the breadth, in order to avoid
a deficiency of stability, we may evidently trace the same
principle existing between the largest ship of an inferior
class, and the least ship of a superior class, in which, if the
number of guns be not equal, it approximates sufficiently to

make the application apparent; so that in the several gra- I east ves-
dations of corvettes, frigates, two-decked ships, and three- sel of each
decked ships, the least vessel of each class is liable to be class liable
wanting in stability, from its small comparative dimensions 0 be defi-

.

not 8
and guns. In this case, therefore, above all others, particu-
lar care should be taken to give sufficient breadth to com-
pensate for a tendency to deficiency in stability ; so that,
without much liability to error, we may conclude,—

ciently counteracting the effect of additional decks

cient in
~VE5 stability.

“ 1st, That the small frigate should be relatively broader General

than the large corvette.

broader than the large frigate.

“38d, That the small three-decker
broader than the large two-decker.

« Between each of these varieties there will be a certain
point, if the expression may be used, where the superior
and inferior classes of ships should have the same ratio of
length to breadth. This arises from the enlargement of their
dimensions increasing the stability in a greater proportion
than the weight of additional decks and guns diminishes the
stability. Thus,

« 4th, The middling-sized frigate should have the same
ratio of length to breadth as the large corvette.

« 5th, The middling-sized two-decker should have the
same ratio of length to breadth as the large frigate.

¢ 6th, The middling-sized three-decker should have the
same ratio of length to breadth as the large two-decker.

“ As corollaries from the first three observations, we may
remark,

« 7th, That the large corvette should be relatively broader
than the large frigate.

« 8th, That the large frigate should be relatively broader
than the large two-decker. ’

« Oth, That the large two-decker should be relatively
broader than the large three-decker.”

should be relatively

conclu-

« 2d, That the small two-decker should be relatively %ions-

The depth or draught of water is more dependent on Draught of
P ‘:ﬁm pe g

local circumstances on accurate principles.

A fleet water de-

intended to traverse the Atlantic may have far di&‘erentm'i;'- on

draughts of water from the ships of one that is destined for
the Baltic. Cruizers for the open seas may be much deeper
than those intended to watch an enemy’s coast.

The av
swim at, or
found necessary for her, may be easily and accurately ap-
proximated to by means of the calculations of the displace-
ment which have been already explained. .

The actual water-line, with the difference of draught of
water which it may be considered necessary to insuré to
the vessel, may also be approximated to in the design of a
ship, or ximately determined from the drawing of a
ship already designed, on the following principle. Suppose

light draught of water which a ship will Maybe ap-

e average load draught of water that will begd'v::mt-
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Theory. the body of the vessel to be divided, at the vertical trans-
verse section passing through the centre of gravity of the
displacement, into two, the fore and after bodies; then, if the
depths of the centres of gravity of the displacements of the
two parts of the vessel below the assumed water-line be
determined, a line joining these centres of gravity will ne-
cessarily be nearly parallel to the seat which the vessel will
assume in the water.

-Tables have been formed by Mr Cradock, a member of
the late School of Naval Architecture, for facilitating the
stowage of the ballast in ships, in order that they may sail at
a determinate trim. These tables, being deduced from vari-
ous ships in her majesty’s service, afford approximations for
similar vessels ; but when there is a dissimi{;.rity in size and
form, we quote from the preliminary remarks to the tables,
“in order to place the ballast in such a position, that when
all the weights are on board no alteration in it shall be ne-
cessary. The difference between the light draught of water,
and that to which it may be proposed to bring the ship
when fully equipped, being known, the centre of gravity of
this part of the crisplacement may be found. And if through
this point a transverse vertical plane be supposed to pass,
the ballast must be so placed that its moment from it, to-
gether with the moments from the same plane of all the
.other weights put on board, may be equal to nothing.” The
length of these calculations is a convincing proof of the
value of such approximating tables.

It is almost an universal custom in all vessels to give a
greater draught of water abaft than forward. Occasional
attempts have been made to discontinue this practice, as in-
volving a supposed unnecessary increase in the water re-

uired for floating a ship ;,but the increased draught of water

or the after-body has been reverted to as essentially requi-
site in practice.

There are several minor advantages which result from
Itsadvan- this arrangement ; such as the more easy and unchecked
tages;  flow of the water to the rudder, and its consequent increased

effect in governing the motions of the ship; also: the di-
minution of the negative resistance which the vessel would
otherwise experience from the greater difficulty with which
the flow of water would fill the vacuity caused by the pas-
sage of the vessel, if the fulness of the after-body were such
as would be required to preserve an even draught of water;
and again, the adjustment of the resultant of the resistance
of the water to that position of the masts which experience
has determined tobe requisite for the facility of manceuvring
the sails. But the principal reason for the inequality in the
draught of water appears to be the advantage which results
from it to the more easy regulation of the motions of the
vessel by an adjustment of the resultant of the resistance of
the water on the lee side when on a wind.
This will be more apparent in a future portion of this ar-
ticle, in which we shall consider the forces which act on a
ship when in motion. The idea intended to be conveyed
is, that the flatness of the after-body along the deadwood
may be considered as a reserve of lateral resistance, to be
brought inte operation whenever the pressure of the water
on the lee-bow would otherwise draw the resultant of the
water too far forward,
The dimensions of the merchant-shipping of England
Dimen- have been so shackled by the operation of the tonnage laws,
sions of  that it is in vain to expect to find in their proportions any ap-
merchant- proximation even to those which experience has proved are
ships. most advantageous for safety and ¥:r velocity. We take
the following table from Hedderwick’s Treatise on Marine
Architecture, which being the most modern work on the
mercantile navy, we' presume contains details of the most
modern practice. .
“ Sloop Margaret, 60 tons, breadth to length as 34:8 to 100.
“ Smack Regent, 142 tons, breadth to length as 84-2 to 100.
“ Smack Matchless, 170 tons, breadth to length as 838-4 to 100.

Difference
of draught
of water.

¢ Smack Royal Sovereigﬁ, 204 tons, breadth length as 32-0 Tbeory

to 100.

“Schooner Charlotte, 101 tons, breadth to length as 815
to 100. )
« Schooner Glasgow, 155 tons, breadth to length as 81-0

to 100.

“ Brig Down Castle, 149 tons, breadth tolength as 30-0 to 100.

¢ Brig William Young, 303 tons, breadth to length as 28-6
to 100.

« Ship Mary, 368 tons, breadth to length as 2/°9 to 100.

« Ship Albion, 505 tons, breadth to length as 25:10 to 100.

“ ’Y'he average depth of the sloops and smacks is about
five ninths of their breadth ; schooners and brigs, from se-
ven twelfths to three fourths; and large brigs and ships,
from three fourths to two thirds.”

This immense proportionate depth is the natural result
of the old rule for calculating the tonnage ; according to
which tonnage the worth of t%e ship was estimated, and all
the dues and duties levied. The rule involved only the di-
mensions of length and breadth, and consequently left the
depth to be increased without limit, or rather with no other
limit than the depth of the harbours the vessel was destined
to trade to. Now, Chapman, in the Architectura Navalis
Mercatoria, gives an expression to which he says the velocity

1.

may be considered proportional : it is B_an_;j 3 in which B
represents the breadth, L the length, and D the depth to
the bilge ; from which expression it is evident the depth
is the dimension the most detrimental to the velocity. Valu-
able tables of some of the elements of design of the present
classes of merchant-ships have been published by Mr Par-
sons, formerly of the School of Naval Architecture, under
the title of Scales of Displacements.

’Invesligation of the Forces which act on a Ship when in
Motion, as they influence her Form and Qualities.

We have now described the methods by which the seve- P““ll‘)z‘““‘
ral calculations for determining the elements of the design o> "
for a ship may be performed ; and have also pointed out, in
general terms, the dependence of the several principal di-
mensions upon each other, and their respective influence
on the qualities of a vessel. We shall proceed to offer
some more particular remarks on the forces of the wind on
the sails and of the water on the hull when the ship is in
motion, and investigate some of the principal phenomena
of their action ; as it is only by. a consideration of the in-
fluence of these forces on the motions of the vessel that
the naval architect can form a correct idea of the essential
requisites for the design of a ship’s body, or the pusition or
proportion of the masts, the area of the sails, and the posi-
tion of their centre of effort. The investigations into which Questions
we shall enter in this portion of the subject may perhaps be interesting
found in some cases equally useful to the sailor as to thealiketothe
naval architect, as he will trace in them the means for de- sailor ‘““l‘
veloping the powers of the vessel he may command, or of :hr:h?l:::
obviating by the appropriate remedy any error inherent to :
her design or equipment.

The motion of pitching is generally the most violent ac- pitching
tion to which a ship is subjected, and the most injurious,and.’scen-
both to the connection between the parts of her structure, ding.
and the velocity of her sailing. It is the longitudinal mo-
tion, caused by the variable support afforded to the body
by the waves as the vessel passes over them when on
a wind, and by the constant action of the gravity of the
unsupported part of the body to recover the state of equi-
librium which, before the commencement of the motion,
had existed between it and the buoyancy of the fluid.

The motion will continue as long as the course of the ves-
sel remains the same in relation to the set of the seas, and




Theory. as long as the inequality of the surface of the water con-
==~~~ tinues ; but when the direction of the wind on the vessel
becomes such that she no longer meets and passes over

the seas, 8o that it may be said to act in conjunction with

gravity, in offering a constant opposition to the vessel’s
oscillations, the motion will cease. For these causes, the
pitching motion can only exist to any great extent when a

vessel is on a wind : then, its force will depend on the de-

gree of inequality of the surface of the water, on the quick-

ness or slowness of the succession of the waves, on the di-

rection in which they strike the bow of the vessel, and on

the shape of the bow, as this greatly influences the degree-

of violence with which it meets the water, and the resistance
it opposes to submersion.
may be di- The least injurious action of pitching occurs when the
minished. gtate of the sea is such that the motion of the ship may be
supposed to take place round a line passing through its centre
of gravity as a fixed axis of rotation; for then the motion
may be compared to the oscillations of a pendulum, and its
extent may, in a great degree, be regulated by either increas-~
ing or dimipishing the length of the isochronal pendulum,
according as the state of the sea appears to require the oscil-
lations to be made in longer or shorter periods. These effects
may be severally produced, by removing weights further from,
or by approaching them nearer to, the axis of rotation ; that
is, by increasing or diminighing the moments of inertia of the
fore and after of the body round its axis of rotation.
But it is, as has before been said, only in some states of
the sea that the pitching motion in a vessel can be compared
to the oscillations of a body round a fixed axis of rotation
passing through its centre of gravity, and where the mo-
ments of inertia of both the fore and after bodies oppose
the motion ; for, under many of the circumstances of heavy
seas, though, at the commencement of the motion, the axis
of rotation may pass through the centre of gravity of the
ship, it will pass abaft it as the wave passes aft. In this
case, then, the moment of inertia of the body before the
axis of rotation, which, when this axis passed through the
centre of gravity, was equal to the sum of the particles in
that body multiplied by the squares of their distances from
the axis of rotation, will become, at any instant afterwards,
when the axis of rotation shall have passed abaft the centre of
gravity, increased, by the difference between this quantity
and the sum of the products of the particles in the then fore-
body, multiplied by the squares of their distances from the
new axis of rotation ; consequently the moment of inertia of
the fore-body will be constantly increasing until the end of
the motion, while the moment of inertia of the part abaft
the axis of rotation will be constantly diminishing, under
the same limits; that is, the force which has an injurious
effect on the violence of the pitching.increases, while that
which diminishes its violence decreases. As the direction
of the motion of the waves is opposed to that of the vessel,
the momentum with which the bow of the ship will meet
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the sea at the expiration of the motion, is equal to the sum Theory.
of the momenta of the bow and the sea; and this impulse ===~
is often so great in practice, as to be sufficient completely

to check, for several seconds, the motion of the vessel in

her course. Frequent recurrences of these shocks must, Evils re-
therefore, not only be extremely injurious to the strengtheulting
of the fabric of the ship, but must materially affect her pro- f‘:‘;'l';l:“
gress through the water,and may even, in some situations, in. Yioience.
volve her safety, from the increased liability of shipping seas,
especially in deep-waisted vessels ; and also, unless a ship

can contend with advantage against a head sea, her chance

of escaping the danger of a lee shore must be considerably
diminished, as in such a situation her safety would inla great
measure depend en the possession of that property.

From l.he}:a considerations, it is evident thal:e every alter- Anguler
ation which can be made to diminish the extreme violence /"""
of this motion, when it takes place under the circumstances =
which have been described, either by lessening the mo-
ment of inertia of the fore-part of the ship, or by giving
that part the form which wiﬂ the most conduce to render
its impact with the water more gradual, must be advanta-
geous with respect to the velocity, to the preservation of
the strength of the ship, and even to the increasing the
safety of the crew. But since the bow of a ship is subject-
ed to shocks of such a violent nature, it must necessarily
consist of a vast combination of materials to insure an ade-
quate degree of strength to resist them : great care, how-
ever, should be taken that there be not more weight than
this renders absolutely necessary. These considerations A limit to
point out at once one limit to the position of the masts; for the pusi-
it is evidently desirable that the weight of the fore-mast and 1% of the
the pressure of the head-sails should act with as little inju- "**™*
rious effect in increasing the violence of the pitching, as
is consistent with the necessity for head-sail ; this will be
better understood as we proceed with our investigation of
the various forces which act on a ship when in motion.

When the ship is under sail, there are two forces acting Resultants
on it ; the one, the force of the wind on the sails, to propel of torces.
the ship ; and the other, the resistance the water op, to
her motion. Theseforces, immediately the ship has acquired
the velocity due to the strength of the wind, are equal, and,
as is the case with all forces, may each be reasoned on as if LN
acting on only one point of the surface over which its effect Centres of
is diffused.  ‘This point is that in which, if the whole force effort.
were to be concentrated, its effect would be the same as
when dispersed over the whole area : it is usual to call these,

“ resultants of forces,” and the points on which they are
supposed to act, ¢ centres of effort.” i

rom what has been before said, the resultant of the force Action of
of the wind on the sails, and the resultant of the force of ¥indonthe
the water on the hull, are equal ; the one acting on the 3% and
weather side of the ship, in the direction into which the:::fu‘ﬁ'f
force of the wind resolves itself, and the other op to
it, acting on the lee side, in the direction into which the

T Mr Henwood, a member of the late School of Naval Architecture, has advanced some new views on the sub

t of the pitching and

’scending motions in ships, which we think of sufficient importance to endeavour to explain. They are as follow,—that these longi- )
tudinal motions of a ship depend both on the form of the immersed part of the body, and on the positions of the various weights

which compose the ladin
centre of gravity throu,
Mr Henwood bas sta

motions would be diminished to the lowest possible degree.

or equipment ; and the form of a ship, and the positions of the wcights, determine the situation of the
which the axis of the pitching and ’scending motions passes. Tt is the Position of this point or axis which,
and endeavoured to show, might and ought to be so determined in all ships, that the pitching and ’scending

In order to construct a ship on this principle, the fore-part of the ship, viz. that befure the centre of gravity, would be formed in
the usual manner ; but the after-part would be constructed so as to have precisely the sanie cubic content as the fore-body, and its
centre of gravity at the same distance from the centre of gravity of the ship as that of the fore-body.

In the stowage of a shig
equTiKment may be on eac

thus constructed, the weights must be so dispused that one half of the total weight of the ship and her
side of the vertical and transverse plane, through the centre of gravity.

e object intended to be ﬁnined by the fulfilment of the above conditions is, that a ship should perform her longitudinal or pitch-

ing motions exactly as she

ves her lateral or rolling motions; and that as there is the same tendency to roll either side equally

deep, so there should be a like tendency of the fore and after ends to pitch and *scend. 'The pitching and *scending motions would,
Mr Henwood considers, thus be reduced to a minimum, and the velocity of sailing retarded in the least possible degree.

This pro

posed desideratum in the construction of ships is irrespective of the form ot the midship section, or of the water-lines, &c.

Tt is simply the constructing of one end of a ship upon the basis of the other end, so as to insure the attainment of the object in view,—

the least possible degree of pitching and ‘scending.
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Theory. force of the water resolves itself; and their effect is neces-
=~ garily in proportion to their distance from the centre of gra-
vity. If they are equally distant, they will destroy each
other, and the ship will remain at rest with respect to the
line of its course ; if the resultant of the resistance of the
water-passes before the resultant of the wind, the ship will
turn to the wind ; but if the resultant of the wind passes
before that of the water, the effect will be the contrary,
and the ship will fall off from the wind. In either case it
will be necessary to equalize the forces, by the action of the
water on the rudder, on its lee side, to bring the resultant of
the water more aft, and on its weather side to destroy a
part of the effect of the wind. This is the principle of the
action of the wind on the sails, and of that of the water'on
the hull, with respect to the course of the ship through the
water ; and it is on these considerations only that the va-
rious alterations can be regulated, which it may from time
to time be necessary to make in the trim either of the sails
or of the ship; and hence the accurate determination of
the positions and directions of these two forces is a point
of great importance in naval architecture. The position of
the centre of effort of the wind on the sails may be found
under certain reservations ; and that being known, enough
is determined to lead to correct conclusions on the other
circumstances attendant on the subject.
Centre of  In order to find the distance of the centre of effort of the
effurt of  wind on the sails before the centre of gravity of the ship, the
wind befg"e moment of each sail is calculated by multiplying its area by
““:'I‘: "of thehorizontal distance of its centre of gravity from that of the
fgp, Y ship; the sum of the negative moments, or those abaft the
centre of gravity of the ship, is then subtracted from the sum
of the positive moments, or those before the centre of gravity
of the ship ; the remainder is then divided by the total area
of the sails, and the result gives the required distance of the
centre of effort of the wind on the sails before the centre of
deter-  gravity of the ship. The situation of this point with respect
mines posi- ¢ the length of the vessel must determine in a considerable
::I‘:':::f degree the positions of the masts ; for experience has proved,
that it is among the most essentially requisite good qualities
of a ship, that she shall carry a weather helm.

Effect of It does not at first appear evident why the rudder should
rudder.  have more effect on the ship when it meets the water on
one side of the middle line, than it has when put to an
equal angle on the other side; the reason has, however,
been partially explained by several writers on naval archi-
tecture, from the consideration of the direction of the mo-
Reasoning tion of a ship through the water. Among these Don Juan
3"3"“ has been the most explicit. The reasoning he pursues is as

follows: That as a great portion of the force of the wind, in
all oblique courses, tends to drive the ship bodily to lee-
ward, and as this effect cannot by any means be wholly
destroyed, the true course of the ship is not in the direction
of its own middle line, but in that of a line passing from the
lee bow to the weather quarter, parallel to the ship’s wake ;
and he sup that the fluid meets the rudder in the di-
rection of this line of lee-way, both on the lee and weather
side of the ship ; and that therefore, when the helm is a-
weather, the angle of incidence of the fluid on the rudder
is equal to the sum of the angle of lee-way, and the an-
le made by the direction of the rudder with the middle
ine of the ship ; while, when the helm is a-lee, the angle of
incidence is only equal to the difference between these two
angles, and that therefore, when they are equal to each other,

, this difference vanishes, and all action of the water on the
rudder ceases; and this, under Don Juan’s suppositions,
would occur when the rudder was in the direction of the
line of lee-way. And hence, as the most advantageous ge-
neral position for the rudder is that in which, by offering
no obstacle to the e of the water, it offers no resist-
ance to the velocity of the ship, and yet may by the least
variation from this inactive position be brought to act effec-
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tively, it follows, either that Don Juan’s reasoning is in- Theory.
correct, or that the most advantageous general position for ==~
the helm should be a-lee. But experience proves, that !l‘;';'
with the helm a-lee, the rudder would not have the effect ;‘;t .gr:e
on the ship which has been described ; therefore, although y;¢h prac-
Don Juan’s reasoning shows the main principle of the greater tice.
effect of the rudder when it is to leeward of the middle line
of the ship, than when it is inclined at an equal angle to
windward of the middle line of the ship, it is insufficient to
account for the fact, that the general position of the helm Error in
should be a-weather ; indeed his reasoning, on the contrary, the preli-
proves that it should be a-lee ; which error arises from the ":“"?i'o;"
incorrectness of the assumption which he makes, that the *™P"°™
fluid meets the rudder on the weather side of the ship, in
the direction of the line of lee-way. Now when a ship is on
a wind, her course, we have said, is along a line passing from
the lee bow to the weather quarter, which line is also that of
the direction in which the ship impinges upon the particles
of water. Each particle of water, after its impact with the Correction
lee bow, will be reflected from it in a direction which, accord- °f this
ing to the law of the collision of bodies, will form an angle ™"
with the bow, and consequently with a tangent to the bow
at the point of impact, and would therefore, if produced
to cut the middle line of the ship, form a greater angle with
that line than would be formed by this tangent to the bow
at the point of impact, produced to cut the same line.
This will be the case with the whole of the particles of
water which come in contact with the lee bow, and along
all that part of the lee side of the ship, a tangent to which,
if produced, would meet the line of the ship’s course at any
finite distance before her bows ; so that as a ship progresses
along the line of her course, since these motions may all be
supposed to become constant, her lee side will pass through
water having an abeolute motion with respect to the motion
of the ship, the direction of which forms an acute angle
with the middle line of the ship produced aft.
We will now consider the effect of the accumulation of
the water at the bows of the ship, either to diminish or to
increase this angle.  Since there must be a constant ten-
dency in the particles of water which compose this accu-
mulation to recover their level, there must also be a con-
stant run of particles from the apex of this accumulation to
its base; the ultimate direction of the sum of all these mo-
tions would therefore evidently form an acute angle with
the middle line of the ship produced forward ; and conse-
quently, by the composition of forces, the action of the par-
ticles of water to recover their level would increase the
angle which the direction of the motion of the water makes
with the middle line of the ship produced aft.
By extending the same reasoning to the motion of the
water on the weather side of the ship, a very little consi-
deration will show that the principal effect the passage of
the ship through the water would have on the particles of
water on that side, would be to cause them to rush aft in a
direction inclined towards the middle line of the ship, in
order to fill the vacuum created under the weather quarter
by the passage of the vessel along the line of lee-way.
We may therefore assume that the icles of water
have a motion at the stern of the vessel, the direction of
which forms an acute angle with the middle line of the
ship produced aft, which angle will evidently be dependent
on the fulness or the fineness of the after-part of the body,
and on the angle which the line of the ship’s course, or
that of the lee-way, makes with the middle line of the ship,
consequently the inactive position of the rudder will be
when it forms this angle with the middle line of the ship,
that is, when the rudder is to leeward, and consequently the
helm a-weather. And this position should be the theoretic
limit of the degree of weather helm a ship should carry, as
in any other position there must be a force acting on the
rudder, which must increase the resistance the ship expe-
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Theory. riences in her passage through the water. A practical
=" confirmation of the correctngs of this principle, and of
Experience the fact that this generally advantageous position of the
confirms  pudder is a-lee of the middle line of the ship, may be drawn
these VieWs- from the common observation, that when a ship is in good
trim, the helm, being a-weather, has a very perceptible
tremulous motion, which must arise from the rudder’s being
in a position in which it is not acted upon on either side
by any constant force. This method of considering the
direction of the flow of the water to the rudder consider-
ably diminishes the estimate of the excess of its effect on
the lee side of the rudder over that on the weather. But
there are several other considerations which operate in in-
creasing the effect of the weather-helm. From the direc-
tion in which the water flows past the ship, there will be a
much reduction of pressure on the weather side of
the rudder when the helm is to windward, and therefore a
greater positive pressure on its lee side to turn the ship,
than will occur under the opposite circumstances, or when
the helm is a-lee. Also, the broken and disturbed state of
the water on the after-part of the weather side of the ship,
and the consequent various degrees of resistance it opposes,
must lessen its effect when the helm is a-lee.

Ships with It has been said to be proved by practice, that ships
lee helm  which carry lee-helms cannot be weatherly, that is, will fall
Jeewardly. gooter to leeward than those which carry weather helms.
Effect mis- But though the fact is correct, the reason assigned is in
taken for  gome degree mistaking the effect for the cause. It has be-
cuus€- fore been said that a part of the force of the wind acts in
driving a ship bodily to leeward ; of course its effect will be
greater or less in proportion to the lateral resistance oppos-
ed to it, and the ship which opposes less lateral and greater
longitudinal resistance to the water than another, will in
the same period of time have fallen farthest to leeward, and
the line of her course will have made a larger angle with
her middle line, by which the effect of the water on the
after-part of the lee side is increased, while that on the
fore-part, both of the lee and weather sides, is diminished,
and the helm must consequently be kept less a-weather.
A practical proof of the correctness of tgm reasoning ma
be drawn from the practice of the merchant-vessels, whi
are generally, from form, more leewardly than men-of-war.
They have their fore-mast placed much nearer the centre of
the ship than is usual in sharper and finer formed bodies.
This has evidently arisen from the operation of the cause
above mentioned, which has shown that they require the
resultant of the effort of the wind on the sails to be pro-
gortiomwely farther aft to insure their carrying a weather-
elm. From this reasoning it is evident that, under some

circumstances, it may be the leewardliness of the ship which
causes her to carry a lee-helm; and that when such is the
case, the defect might be remedied, not only by the usual
methods of placing the masts farther aft, and altering the
draught of water, but by increasing the lateral resistance by
the addition of false keel, or by greater depth in the water.

There is another disadvantage arising from a ship’s car-
rying a lee-helm, which is, that the action of the water on the
weather side of the rudder acts in conjunction with the force
of the wind in forcing the ship bodily to leeward ; while, on
the contrary, when tIEe helm is a-weather, the action of the
water on the rudder is in opposition to the force of the wind.

Having now pointed out wherein the necessity consists,
that a ship should carry a weather helm under all circum-
stances, and explained the principles by which the position
of the helm is governed, it next remains to consider in
what manner this position of the rudder may be affected
when the ship is under sail. This is the more necessary, be-
cause there are occasions in which ships that generally
carry good helms will carry them a-lee; it therefore also
remains to be examined whether this defect might not
either be wholly removed, or at least ameliorated.

Weather
helm.

Disadvan-
tage of lee
helm.

Effect of
sail on

helm.
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The ardency of a ship, which is her tendency to fly to the Theory.
wind, depends, as has been explained, on the relative posi- ~=~—"
tions of the resultant of the effort of the wind on the sails, and Ardency.
the resultant of the resistance of the water on the hull. A
consideration of the effects produced on these forces, when
a ship is under way, will lead to the object of our inquiry.

hen a body passes through a fluid, it causes an accu- Passage of
mulation of the fluid to take place towards its foremost ex- 2 ;)oddv n
tremity, and a depression of the fluid towards the op, site. ® -
The degree of this accumulation and depression will dl:aopend Its effect
on the velocity with which the body passes through the°n ardency.
fluid, and its increase must necessarily bave a great effect
in drawing the position of the resultant of the water farther
forward ; therefore, from this cause, a ship becomes more
ardent as her velocity is increased. Also, as the ship on a
wind inclines by the force which communicates motion to
her, an increased surface of the bow is immersed ; while,
from the fulness of its shape both above and below the ori-
ginal water-line, the angle of incidence with which it meets
the water does not undergo much alteration : consequently
the tendency of the inclination is to draw the resuitant of
the water forward, in so far as the shape of the bow is in-
volved. By the inclination, the effect of the water on the
after upper portion of the lee-side is so diminished as to be
almost destroyed, in consequenee of the decrease of the
angle of incidence with which it meets the water, arising
from the sharpness of the after-body under the lee quarter,
which, by the inclination, is made to approximate to a ho-
rizontal plane : consequently the tendency of the inclina- Effect ofin-
tion is to draw the resultant of the water forward, in so farcrease of in-
as the shape of this part of the body is involved. That clination.
lower portion of the after-body which is nearly vertical
when the ship is upright, and, until the vessel is on a wind,
is subjected to little more than the mere friction of the wa-
ter, immediately that a ship is on a wind offers great late-
ral resistance, even after the inclination of the ship ; and it
is this lateral resistance of the after-body which, being
brought into action simultaneously with the increased di-
rect resistance of the fore-body, tends to prevent too great
an effect from that direct resistance in drawing the result-
ant of the water forward, and therefore acts in aid of the
helm in preventing the ship from flying up into the wind,
and thus obviates the necessity of such violent action of
the rudder as would be injurious to the velocity of the ship.

The larger the area of this portion of the after-body, the
less necessity therefore is there for. extreme and conse-
quently detrimental action of the rudder under the circum-
stances of increased wind and inclination. It appears, how-
ever, that in ships generally, the inclination increases the
ardency, by drawing the resultant of the water forward.

This train of reasoning shows us in what the advantage Of increas-
consists which arises from the increased immersion given ed immer-
to the after-extremities of ships; and it enables us to form mnb?:i af-
the following general rule, as an approximation to correct-"""°%/*
ness of principle in determining the increased draught of
water to be given to the after-body. The difference in
draught of water should increase or diminish in proportion
as the area which a ship offers to direct resistance is great
or small in relation to the area offered to lateral resistance ;
or, in general terms, the difference of draught of water in
ships, ceteris paribus, should vary directly as the ratio which
the breadth bears to the length. :

The position of the centre of effort of the wind on the Sails as-
sails is calculated under the supposition that the sails aresumedto be
plane surfaces, and equally disposed with regard to the lon-a“c‘:: sur-
gitudinal axis of the ship ; but when a ship is on a wind,™
as the force of thewind acts in a direction oblique to the
surface of the sails, a greater proportion of the sail is carried
to leeward of this axis, and the whole sail assumes a curved
surface, the curvature of which increases from the weather
to the lee side. From these circumstances, the centre of
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effort is in fact carried gradually farther aft as the action of
the wind takes place on the sails. Also, as the force of the
wind inclines the ship, the centre of effort of the wind on
the sails is carried, by this inclination, over to the lee side,
by which, as also by the effect produced on the resultant
of the water, which has been before mentioned, the distance

Of increase between them is farther increased. It therefore appears

ot wind.

.

Means of

that, the quantity and disposition of the sail set remainin
the same, the ardency will increase as the force of the win
increases, and diminish as that force diminishes ; but as it
is found in practice that ships very generally require their
helms a-lee in light winds, although it is evident that the
several circumstances which have been mentioned as cre-
ating the tendency of ardency must still exist in a small
degree, it would appear that the ardency must increase
and decrease in a faster ratio than' the force of the wind.
Now, as the direct and lateral resistances vary respectively
as the squares of the velocities of the ship in these two di-
rections, it is evident that the lateral resistance will dimi-
nish in a quicker ratio than the direct resistance, and that,
consequently, as the wind decreases, the angle of lee-way,
or that of the ship’s course, will be increased, which, it has
before been proved, will draw the resultant of the water aft,
and diminish the ardency; therefore the incrcase and di-
minution of the ardency of a ship will be in proportion to
the difference of the ratios of increase and decrease of the
direct and lateral resistances.

From the canses which have been assigned for a ship’s

diminishing carrying a lee helm in light winds, it is evident the defect

lee helm.

Lee helm
dependent
on state of
the sea,

and on the
position of
the masts.

Too great
ardency.

may be lessened by all those means of trimming either the
sails or the ship, which have been mentioned as tending to
increase the distance of the resultant of the water before
the centre of effort of the wind.

But when a ship’s carrying a lee helm is occasioned, as
it sometimes is, by the state of the sea, the waves of which,
strike the ship on the weather bow, and in their passage
cause a great immersion of the lee quarter, any attempt to
bring the resultant of the water forward would, from the
consequent greater immersion of the bow, and the neces-
sary addition to the momentum, increase the effect of the
impulse. The evil may be lessened by diminishing the
quantity of head-sail, which will both bring the centre of
effort of the wind aft, and diminish the violence of the
pitching ; and also, if the inclination of the ship were increas-
ed, that, by increasing the effect of the water on the lee
bow, and diminishing its effect on the lee quarter, might
in some cases prove advantageous.

In heavy weather, ships under a small quantity of sail
very generally carry slack helms, partly in consequence of
the position of the centre of effort of that sail, and partly
owing to the state of the sea. Under these circumstances
it is generally impossible to carry enough of after-sail to re-
medy this defect; and to trim the ship by the head would
be only to increase it, on account of augmenting the pitch-
ing. There is therefore no other remedy than that which
would arise from such an original disposition of the masts
as would render the power of creating a balance between
the effects of the sails more easy. But here we would ob,
serve, that before making any alteration in the position of
the masts, great caution is necessary ; for possibly one of
the first requisites in a ship is, that she should work quick-
ly, which quality depends on the proportion of sail before
and abaft the axis of rotation, am{) not on the Position of
the centre of effort of the whole surface of the sail. There-
fore no alterations can be made in the position of the centre
of effort of all the sails, or in the positions of the masts, un-
less due consideration be given to the effect they would
have on these proportions. .

It may now %e necessary to observe, that a ship may, on
some occasions, be too ardent. In addition to the altera-
tions which will suggest themselves in this case, from what

has been already said, it may be observed, that as the cur- Theory.
vature of the sails, and the inclination of the ship, both tend ~==—"
to increase the ardency, it may be diminished by taking in
sail, especially those which, from their greater breadth, as-
sume a greater degree of curvature.

It is sometimes objected by practical men, that trimming Erroneons
a ship according to the principles laid down by theory, has objectious.
not the effect which was to have been expected ; but this
often arises from an ignorance of the necessary degree of
trimming, or from a mistaken notion of the effect which a
certain degree will produce. In order, in some measure,
to obviate this difficulty, the following table is given. It
contains the weight which it will be necessary to move a
distance of forty feet, either aft or forward, to produce an
alteration of one foot in the trim of a ship. The length
and breadth of the ship are given in the table, merely as
being more correct data for the comparison of size than the
class of thé vessel or the number of guns.

' i Weight to be !
Class of Veua:mu:d number of Length. Breadth. m:"gl ,,:‘, Dx.-m.
Feet. Feet. Tons.

First rate....cccoeeees 120 205°25 54-560 112
Second do.....ceureue. 84 19225 51-44 90 -
Fourthdo......cccc... 60 174-00 43-67 58

Fifth do..cceecrerennns 46 169-70 40-50 38

Sixth do...ceeeersasnne 28 120-20 3367 22
Sloop....cerernnnceeces 18 111-26 30:50 14

If any other alteration in the trim be desired, it may be
deduced from the results given in the above table, by a
simple proportion. And since the effect produced on the
centre of effort of the sails, by taking in or setting any.
sail, may be estimated in the manner described in the course
of these remarks, the alterations necessary to be made in
order to produce any desired effect may be easily deter-
mined. Another source of error may arise from the various
rakes of the masts ; from which the angle of incidence, and
consequently the force of the wind, which is as some func-
tion of the sine of the angle of incidence, varies considera-
bly for the sails of each mast; and if the trim of the ship
be altered, there must be a corresponding effect produced
in this angle ; by which the relative proportions of the force
of the wind on the several sails will be altered, as will also
its total effect on all the sails.

Most of the writers on naval architecture have consider- Bracing ot
ed the problem of determining the angle which should be the yards.
formed by the yard with the keel, under the different cir-
cumstances of wind. Don Juan, whose highly scientific
and thorough practical knowledge entitles his opinions to
more than common attention, on a subject in which the re-
searches of theory rezuire to be aided by the deductions
from experiment, has determined these angles for a ship of
sixty guns, and has also given some general rules to guide
any variations from them. When this ship was close-hauled,
with all sail set, he found that the angle the yard should
make with the keel should be 28° 47/, and with the wind
on the quarter, 50° 11'; but when the wind was so high
that only a small quantity of canvass could-be set, these
angles were respectively increased to 40° 42’ and 56° 21"
He also arrives at the general conclusion, “ that, the greater
the quantity of sail set, the less should be the angle made
by the yard with the keel ;” and also, as he makes the re-
lation between the direct and lateral resistances enter into
his investigations, * the sharper and the more adapted for
velocity a vessel is, the smaller should be the angle made by
the yard with the keel ;” consequently frigates and smaller
vessels should, under similar circumstances, have their yards
braced sharper than line-of-battle ships; and again, ¢ that
the nearer the sails approach to plane surfages, the less
should this angle be.” ‘
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Theory.  According to the present positions of the masts of a ship, ships carrying lee helms, it appears not improbable that the Theory.
E"’Y" the sails on the fore-mast are generally not capable of be- generality of our ships would be improvedp;; an alteration
froneout ing so sharply braced as those on the main-mast; but as in the position of their fore-masts.

?:,’;f;’;‘,:‘ theory and practice, as may be instanced in fore-and-aft
rigged vessels, concur in fixing the Jimits to which it would
be desirable to brace the yards, within even what can gene-
rally be attained on the main-mast, much of the force of
the wind on the sails of the fore-mast must be lost ; and as
this less sharpness of bracing, common for the yards on the
fore-mast, is even found to be necessary in many ships, to
enable them to carry their helm sufficiently a-weather, it
would appear that the position of the fore-mast is too far
forward, and that moving it aft would be advantageous ; be-
sides the good effect it would have, as has been shown, in
diminishing the violence of the pitching motion.

The position of the fore-mast appears to have remained
nearly the same as it was determined in the early cﬁan of
the last century, although many of the reasons which then
fixed it at about one ninth the length of the ship from the
stem have ceased to exist. Our ships are now longer, and
there is consequently room for working the sails, without
those of one mast coming in contact with, or destroying the
effect of the wind on, those of the other. The after-parts
of the hull above water are very considerably reduced, and
do not therefore render so great a proportion of head-sail
necessary to counterbalance the effect of the wind on them.
The bodies of the ships are, from the increase of the dimen-
sions, much finer abaft, and consequently the resultant of
the resistance is farther aft. From these considerations, and
from the fact that it is found that complaints are made of

The forms of our ships, and indeed those of some of the Modern
more modern French vessels of which we are possessed, English
have approximated more to that recommended by Chap- ships ap-
man, and since his time adopted by the Swedes and Danes, Prémmste
than to that of the old French bodies, which were for such ¢pe Swed.
a scries of years the chief guides of the English ship-builder. ish rather
The marked characteristics of the old French body were, than to the
a flat floor, with a sharp and, beneath the water, hollow ©ld French
fore-part, and a comparatively very full after-part. The form.
character of the Swedish construction is, the rising floor,
full fore-body, and extremely fine after-body. The genera-
lity of the English ships of the present day are built with the
rising floor, and approximating more, towards the extremi-
ties, to the Swedish than to the old French characteristics.

It seems therefore but reasonable that the positions of the Therefore
masts of our ships should partake of the principle which the masts
appears to have dictated the alteration in the form of their should cor.
bodies.” With this view, and for a general example as to the m"
positions of ships’ masts, and of the ideas of various construc-

tors, the following table has been formed, of the positions

of the masts of the vessels contained in Chapman’s ¢ large

work,” of some of the present Swedish ships, of the various

classes of English ships, and of several other veéssels which

have either some peculiarity in this feature of their construc-

tion, or are remarkable for an excess of any good or bad qua-

lity dependent on it. The other data in the table are neces-

sary for completing the comparisons which may be made.

Table of the Stations of Masts in Ships.

Distances of the Masts abaft the | Ratlo of the Distance of the Masts | Ratio of Dif-
No. of th on foremost extremity of the from forward, to the length of ference of
8hips' Names. Guns, w’:la?lﬂa. Load Water-line. the Load Water-line. V‘l,mgc
‘ Mean Draugh:
Fore-mast. | Main-mast. Mizen-mast. Fore-mast. (Maln-mast. | Misen-mast.| of Water. 1
Feet. Feet. Feet. Feet.
(l110 | 2062 | 288 |1186 | 1740 | ‘1398 | 570 | -848 094
94 | 1901 270 (1122 | 1641 | -1402 | -580 | -857 085
s | 1 t;;-; 257 | 1065 | 1542 | -1402 | 578 | -B45 089
. . 74 . 248 | 1027 | 1500 | '1398 | 576 | -8d8 -083
s':?:: ships, from Chapman’slarge ;| co 1740 243 | 1000 1468 | ‘1400 578 844 082
..................................... 52 1641 229 932 1384 -1390 569 846 103
40 149-6 233 866 1252 16708 <680 -840 100
32 1253 196 726 104-4 16601 %78 *831 093
20 1136 176 6656 946 °1540¢ 678 -837 *142
Carl XIIIL., Swedish........ccoceecunnenees 80 1779 243 | 1020 1486 | 1380 678 858 *108°
Corvette, Swedish ...... | 20 108:5 166 617 90-8 *1440 *570 +836 ‘120
The Ch.pm‘n, Swedish e 1498 280 8956 124-2 'l87‘ 598 835 0003
President, French............. 46 159-6 24-0 876 132-2 150 550 -831
Do. altered to the Piedmontai 46 1695 21-0 876 132-2 -132 550 -831
Comet, bomb.....eeeeeeeeeererenrens 1090 134 617 905 123 *565 *831 *000?
Do. as altered... T R 109-0 174 61-7 905 162 565 831 oo
Pearl, Mr Sainty........... . 18 | 1147 187 | 640 97+4 | ‘163 *667 *850
Do. altered by his request..........eee. 18 1147 187 66-5 99-4 163 677 863
Caledonia.....ccvvervaeseerissanernnnnennenes 120 20526 | 260 | 113-0 1717 | 122 | . -552 835 067
ASi8ucecuiiieiiniansicnniensnientniniecaiincenss 84 192-26 223 109-0 160-2 116 568 832 053
Southamplon ce..eeeserseeseessenrcsnsnneses 60 174:0 20-7 972 146-7 | ‘119 *560 846 048
Seringapatam......ceueeeveceericsenenneinand 46 169-7 213 856 132-3 | -133 -535 832 076
Leda....cccvcierenniirnnnsssriennnancanencened 46 151-0 188 853 1287 ‘124 565 854 089
Euryalus......ccooceieiriieneneenncannnennnns 42 1460 17-7 822 123-8 *124 -563 ‘848 104
i 120-2 1447 68-7 102-4 ‘122 568 860 066
111-25 145 647 97-4 129 573 864 080
202-2 24-33 | 1180 175:84 | ‘121 585 -870 085
188-2 267 1109 164-3 137 684 833
176+7 276 | 1045 154-7 *166 -590 874
160-6 236 944 1396 ‘146 687 867
1310 203 773 114:6 156 690 874
109:8 15°1 64:8 96-2 138 690 874
160-0 200 90-33 | 1380 ‘125 564 860
1150 166 660 99-2 145 -565 861
116-6 16-8 66-0 980 *144 670 ‘840
1148 162 67-1 96-4 142 684 -840 e
108-6 169 66-2 927 156 *610 850 s

1 An increase in the rakes of the stems.
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Theory.  From this table it will be seen that the position of the
» fore-mast in the ships of different rates in her majesty’s ser-
m‘;: of viceis considerably more forward than in the Swedish ships;
merchant- 8nd that in Chapman’s experimental frigate, the Chap-
ships. man, it is remarkably far aft. The Comet, as altered, after
being sold out of the service, the Pearl, built by Mr Sain-
ty, and the four merchantmen, are proofs of the practice,
before alluded to, of the merchant builders ; the alteration
in the position of the masts of the Comet having taken
place under the direction of the late Mr Fearnall, a gentle-

man of high character for a knowledge of his profession.

The stations of the masts in the ships built after the de-
signs of the present surveyor of the navy, Sir William Sy-
monds, approximate very nearly to those of the Swedish
ships ; the main and mizen masts are even rather farther aft
in proportion to the length of the ship.

Correct The positions of the masts are given, in the table, in re-
point from ]ation to the foreside of the rabbet of the stem ; but though
which “’d; this point has been adopted in compliance with the usually
;::i"o: o; received custom, and to avoid the introduction of a feature
the masts. Which might have rendered comparisons more difficult, a
) more correct method would be to estimate the station of
the masts from a point K (fig. 5), at a distance AK from
the foremost extremi-
ty of the load water- Fig. 5.
line; such that, KP ,
being' drawn perpen-
dicular to the load wa-
ter-line, it shall inter-
sect AD, the foremost
boundary of the lon-
gitudinal vertical sec- ke
tion of the vessel, in . I
suchamanner that the g o
resistance to angular
motion round an axis of rotation BC, passing through the
centre of gravity of the vessel, shall be equal to the tri-
angles AKF and DFP, DP being the lower boundary of
the false keel produced.

The point IE being determined for all ships, comparisons
might be correctly made of the positions of the masts in
vessels with the most dissimilar rakes of the stem ; which
feature, from its effect on the resultant of the resistance,
must have a considerable influence on the positions of the
masts, and which cannot be estimated in distances measur-
ed from any other point.

The following proof will show, that if BK be taken equal
to the arithmetical mean between BA and CD, the point
K will be determined sufficiently correctly for all practical

P ;rom D (fig 5) draw DV perpendicular to AB. Bi-
sect KF and i‘P in G and M, and draw AG and DM.
Take AH = $AG, and DN = §DM; then H and N will
be the respective centres of gravity of the triangles AKF
and DPF. From H and N draw HL and NO perpendi-
cular to BAand CP. Let AB=a,CD =5, AV=a¢—b
=¢, AK=2, AL=4%z, and VD = 4. Then the resist-

ance to rotation of the triangle AKF is proportional to the

area AKF x BL=25XE. g,
Now, AK: KF:: AV:VD.-. KF:’%‘”
. had® 2
the resnstancca‘ =3 ( —_ -g)
And in the same manner, the resistance of DFP is
= area DFP+ CO = D—P-;ﬂ-co,
hic—z

PF:DP::DV:AV.-.PF:—C'—.

SHIP-BUILDING.

PP fz —_— Theory.
Hence theresistance = é—%;—"— (5 + gc——z). and these “==——~r

resistances must be equal to each other,

o a."'(a——%B = c_—-_;']'(b + ;a-—_z)

and:c:a-—Jo’—(bc+—s—’; .

from which expression, if numbers be substituted for the
several quantities, it would be seen that, assuming BK equal
to the arithmetic mean between AB and CD, will be suf-
ficiently correct.

The method of finding the horizontal distance of the Recapitula-
centre of effort of the sails, either before or abaft the centretion-
of gravity of the ship, has now been explained as being a
necessary element to be determined in forming the design
of a vessel. The effect which the action of the water on
the hull, and of the wind on the sails, would have, under
various circumstances, on the relative positions of this point
with respect to the centre of gravity of the ship, has been
described, and also the necessity of regulating the trim of
the ship and sails according to the state of the sea and wind,
that the most advantageous proportionate distance may be
preserved between them. .

We shall now investigate the principles on which the de- Height of

termination of the vertical height of the centre of effort ofeffort of
the sails above the centre of gravity of the ship depends.
This problem, though it is one which may be classed among
those of which the “ solution resolves itself to laws of na-
ture which are yet imperfectly developed,” may be solved
by induction from experiment ; and we shall show that suf-
ficient data may by this means be obtained, to render the
abstract principles of science, on which it depends, practi-
cally available, so as to overcome the difficulties which at
present oppose themselves to the perfecting one of the most
important elements of naval architecture, the sizes and pro-
portions of the masts and yards. .

In describing the circumstances attendant on the incli- Moment to
nation of a ship from the upright position, we have said thatresist incli-
the moment of the force exerted by the vertical pressure toBstion-
resist the inclination will be measured by the perpendicular
distance from the centre of gravity to the direction of the
resultant of the vertical upward pressure of the water after
the inclination, which necessarily passes through the centre
of gravity of the displacement. We have hitherto called Hydrostati-
this the moment of stability, but it may be more properly cal stabili-
termed the moment of hydrostatical stability, as being de- 7
pendent on the laws of the equilibrium of fluids. But if the
force which has been described as inclining the ship round
its centre of gravity also communicates motion to the sys-
tem, another moment of stability will be generated by the
resistance which the water opposes to the motion. This
resistance, as has been before explained, may be supposed
to act in a resultant, the direction of which will necessarily
depend on the form of the vessel. Now, if the form be
such that the direction of this resultant will pass above the
centre of gravity of the ship, its moment, estimated from
that centre of gravity, will act in conjunction with the mo-
ment of hydrostatical stability before described, and will
diminish the inclination ; a contrary effect will ensue if this
resultant passes below the centre of gravity. Now, if the
moment of this force to diminish the inclination were equal
to the moment of the force which acts to produce it, the
ship would remain in a vertical position ; but if it be not
equal to it, the inclination will be caused by the action of _
the excess of the moment of the inclining force over the
moment of the force acting to diminish the inclination, and
the ship will revolve until this part of the inclining force shall
be destroyed by the moment of hydrostatical stability which
will be generated by the inclination. The moment of sta-
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Theory. bility resulting from this cause may be called the moment
==~ of hydrodynamical stability, as being dependent on the mo-
tion of the body in the fluid, that is, on the relative motion
Hydrody- of the fluid. This does not agree with the usual definition
vamicalsta- of hydrodynamical stability adopted by writers on naval ar-
bility. chitecture, as that also involves the elements of the hydro-
statical stability in its terms; but it is thought that keeping
each moment of stability distinct, by referring it wholly to
its own generators, tends to simplify the consideration of
them ; and also, the explanation of the principles on which
the height of the centre of effort of the sails depends may
by the same means be divested of some obscurity.

Now, when, by the action of the wind on the sails, motion
is communicated to a vessel from a state of rest, at first the
effort of the wind on the sails is much greater than that of
the water on the bull, and by the effect of the excess the
velocity of the vessel is accelerated : but the velocity with
which the wind acts on the sails is diminished in proportion
as the velocity of the vessel is increased, therefore also the
force with which it acts on them is gradually lessened : but
as the velocity of the vessel increases, the resistance the
water o to its motion is also increased ; consequently
the two forces, the effort of the wind on the sails, and the
resistance of the water on the hull, will ultimately become

Equilibri-
um of wi
on sails, and
‘water on
hull,

Uniform  equal to each other ; and as they act in opposite directions,

motion of

the veasel the vessel will, by the laws of motion, continue to move uni-

formly in the direction of its course with the last acquired
velocity; and this velocity will be in proportion to the mov-
ing force, that is, to the force of the wind and the area of sail
exposed to its action, or, if the force of the wind be sup-
posed constant, will be in proportion to the area of the sail.

Limit to From what has been before said, it is evident that the
:‘I{L’f;’: moment of sail must be in proportion to the stability of the

ship ; and since the velocity will be in proportion to the
area of sail exposed to the action of the wind, the height of
the centre of effort of the sail should be determined from
the consideration of acquiring the greatest effective area of
sail of which the powers of the ship will admit.

Bouguer, from reasoning on the facts which have been
explained, which are, that when a ship has acquired an uni-
form velocity in any direction, the action of the wind on the
sails to propel her in that direction becomes equal to the re-
sistance opposed to her motion by the water, and that the
moment of the resistance, calculated from the centre of gra-
vity or of rotation, that is, the moment of hydrodynamical
stability, subtracted from the moment of the action of the
wind on the sails, estimated from the same point, will give
the force by which the ship is inclined, conceived the idea
that the sails of a vessel might be so disposed that she
should maintain the same vertical position when under sail
Point ve- a8 when at anchor. This he proposed to effect by adjust-
ligue. ing the sail in such a manner that its centre of effort should

be situated in & point, which he has named the “ point ve-

ligue,” and which he describes as being such, that when the

centre of effort of the sails coincides with this point, the

moment of the force of thc wind to incline the ship will be

. wholly destroyed by the moment of hydrodynamical stabi-

Not practi- Jity, But such an arrangement of the sail is not practically

effort.

:‘g e‘g}’“' applicable to the cases in which the direction of the action
oblique  Of the force of the wind is oblique to that of the. course of
courses.  the vessel ; for, from the small proportion which the breadth

of a vessel bears to her length, the moment of hydrodyna-
mical stability will, under these circumstances, be less than
when the directions of the wind and of the ship’s course co-
incide, while the resultant of the effort of the wind will act
at the same height above the centre of gravity of the ship in
either case ; therefore Bouguer only insists, that since the
moment of the hydrodynamical stability cannot, congistently
with other circumstances, be made to destroy the whole of
the effort of the wind to incline the ship, care should be
taken that these two forces should be so proportioned to
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each other, that a sufficient moment of hydrostatical stabi- Theory.
lity may be acquired to resist the excess of the moment of ~=—~v—~~,
the wind on the sails over the moment of hydrodynamical

stability, without too great an inclination of the ship.

But when the direction of the wind coincides with that Of import-
of the course of the vessel, it is of great importance that the ance in di-
change from a state of rest to one of motion, or rather from‘f‘"“""’“"°s
one velocity to another, should be performed without any
longitudinal inclination towards either extremity, and that
the vessel should preserve that seat in the water which has
been determined as most advantageous with reference to
the longitudinal position of the centre of effort of the sails.

The course of reasoning which Bouguer has pursued to Bouguer
determine the position of this point involves suppositions FAons on
which are at variance with the facts attendant on a vessel’s ;.. yet
motion through the water, and therefore the conclusion yajuable,
at which he arrives is erroneous ; still, as an elucidation of

_the principle, his method may be advantageously explained.

He supposes DH (fig. 6) to'be the direction of the re- Investiga-

tion of po=
. sition of
Fig. 6. point ve-
lique.
x
B J
[] N » X
A Yir \

g <78
R )

sultant of the direct and vertical resistances experienced by
the fore-amrt of the vessel AEFB, moving in the direction
AB; and the line SK to be the direction of the resultant
of the whole force of the wind acting on the sails. Let it
meet DH in N. Now since, when the ship has acquired an
uniform velocity, the forces which op) the motion are
equal to those which produce it, and as these forces act
horizontally and destroy each other, the forces which re-
main must be vertical. Take NR and NP to represent in
quantity and direction the force of the water on the bows,
and of the wind on the sails; then complete the parallelo-
gram NRTP, and join NT; NT will represent, in quantity
and direction, the force remaining after those parts of the .
forces NR and NP, which are equal and opposite, are de-
stroyed ; and therefore N'T will act in a vertical direction
to lift the ship. But though this will be the directicn of
the action of NT on the vessel, its effects may also be to

roduce a rotatory motion round her centre of gravity.
l'i‘his will depend on the position of the point N, the inter-
section of SK and DH. If we suppose the direction DH
to be constant in position, and SK to vary in position ac-
cording to the height of the sails, we shall see, that when
the masts and sails are high, the direction SK will cut the
direction DH at a point near the stern; and therefore the
action of the force NT taking place 8o near one extremit;
of the vessel, and one side of the centre of gravity, will
tend to immerse the opposite extremity. On the contrary,
if the masts and sails are low, the direction SK will inter-
sect the direction DH more near to the bows of the ship,
and the action of NT being before the centre of gravity,
will raise the fore and immerse the after part ; and this in-
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Theory. clination will continue until the force which causes it is de-

stroyed by the moment of the hydrostatical stability gene-
rated by the inclination.” From this, Bouguer concludes
that it is only when the masting is of such a height that the
direction SK intersects DH at a point at some mean dis-
tance between the bows and stern, and at which neither
of these effects will be produced, that the ship will have no
tendency to longitudinal oscillation, and the only effect of
the force NT will be to lessen the part of the ship which is
immersed in the water when she is at rest ; and this point
he has called the point veligue. Bouguer determines
the position of this point veligue in the following man-
ner. From r, the centre of gravity of the load water-sec-
tion, as being nearly coincident with the centre of gravity
of the lamina, ABba, of the vessel which is lifted by the
action of the force NT, the vertical line VT is drawn, and
the point N in which it intersects the direction of the re-
sultant of the resistance of the water to the bows will be
the point through which the horizontal line SK, represent-
ing the direction of the action of the wind on the sails, should

in order that the ship may move in the direction of
its course without a depression of either extremity. In order
to prove that this will be the case, he supposes the displace-
ment ABFE of the ship to be made up of the two homo-
geneous parts ABba and abFE ; and therefore, when the
ship is only subjected to the vertical pressure upwards of
the fluid, these parts will have their common centre of gra-
vity, which will be the centre of gravity of the displace-
ment, in the sane vertical plane with the centre of gra-
vity of the ship. The horizontal distances of r and w,
the centres of gravity of the homogeneous parts ABba
and abFE, from the vertical section in which the centres
of gravity of the ship and of the displacement are, will
be inversely as those parts; but when, by the action of
the force NT at r, the displacement is diminished by the
quantity ABba, the vertical pressure upwards will be dimi-
nished by that same quantity, and will act at w, the centre
of gravity of the new displacement @bFE, with a force equal
to the weight of abFE; therefore, the forces being in-
versely proportionate to the distances of their action from
the common centre of gravity of the ship, and both acting
upwards in a vertical direction, will maintain the ship in

The error  equilibrio round that centre of gravity. This reasoning of
of Bouguer. Bouguer on the position of the point N is incorrect in its

ag})lieation to practice. It depends on the supposition, that
when by the force of the wind motion is communicated to
the vessel, she will rise in the water from the effect of the
action of the force NT, and the water-line AB will become
ab, the displacement being diminished by the quantity
ABab. It is not enough to satisfy the conditions of Bou-
guer’s reasoning, that NT should exert an effort at r equal
to diminishing the displacement by the quantity ABba ; for
unless the diminution of the displacement actually takes
place, the position of its centre oip gravity cannot be affect-
ed in the manner assumed in the reasoning, but will con-
tinue in the vertical section passing through the centre
of gravity of the ship ; and then, by the action of the force
NT at r, the ship will revolve round the centre of gravity
9, until, by the motion of the centre of gravity of the dis-
placement, incidental to the revolution, a moment of hydro-
statical stability is generated equal to the moment of NT
to incline the ship. Now it is proved from experiment
that the displacement is actually greater when a ship is in
motion than when she is at rest; therefore, reasoning on
the supposition of its diminution is inapplicable to practice.
There would be an alteration in the position of the centre
of gravity of the displacement resulting from this increase,
which might either act in opposition to, or with the effect
of NT, to incline the ship, according to the relative form of
the body above the original water-line.

But it is evident that the principal error made by Bou-

guer throughout the investigation Of the position of his Theory.
point velique is, that it is conducted with reference only “=——~
to the resultant of the positive resistances which the vessel ge neglects
experiences, instead of to the resultant of both positive and (ou;z e
negative resistances. Chapman, while he adopts Bouguer’s Chapman
views on the existence of some limit to the situation of the bas avoided
centre of effort of the sails above the centre of gravity ofthe error of
the ship, has avoided this error, and has investigated its po- Bouguer.
sition Jr’t,)m the data of the total resistance experienced by
the ship. He first determines the quantity and direction
of the mean resultant of both the positive and negative re-
sistances of the water; then, since the force of the wind
must be equsl to the resistance of the water opposed to it,
if the directions of the resultants of these two forces were
exactly opposed to each other, théir moments, estimated
from tie centre of gravity of the ship, would be equal, and
consequently the force of the wind would have no effect in
making the ship revolve round its centre of gravity ; there-
fore, if the surface of the sail was perpendicular to the re-
sultant of the direct and vertical resistances experienced
by the ship, there would be no limit, arising from these con-
siderations, to the height at which the centre of effort of
the sails might be placed ; for, whatever might be its posi-
tion in the line of direction of the resultant of the resist-
ances of the water, the moments, estimated from the centre
of gravity of the ship, would be constantly equal, since the
perpendicular distance between that point and the direc-
tions of the actions of the forces would remain constant,
however the force of the wind, and consequently the re-
sistance of the water, might be increased or diminished.
But since the directions of the wind and of the course of the
vessel are both horizontal, and the sails are placed nearly
at right angles to the horizon, the action of the force of the
wind, and its moment round the centre of gravity of the
ship, to counteract the moment of the resistance of the wa-
ter, must be estimated in a horizontal direction; and con-
sequently the height of the centre of effort of the wind on
the sails must be measured on a vertical line drawn from
the centre of gravity of the ship, and must be such that the
horizontal moment of the wind shall be equal to its mo-
ment, estimated under the supposition that its action is in
a direction opposed to that of the resultant of the resist-
ances of the water, when it will have no tendency to de-
press either extremity of the vessel.

Chapman’s investigation is as follows: Suppose DF and Chapman’s
EC (fig. 7) to represent respectively, both in quantity and :'i'::ﬁt;!-

Fig. 7.
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direction, the resultants of the direct and vertical resist-
ances against the fore and after parts of the vessel. Produce
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Theory. DF and CE to intersect each other in B ; then on DB pro-

=~~~ duced take BV = DF, and on BC take Bl = EC; com-

lete the lelogram VBIH, and BH will represent, in
. tity up:i‘l direction, the resultant of the whole of the
3‘;:11 and vertical resistances against the fore and after
parts of the ship ; and BH, multiplied into GM, GM being
drawn from the centre of gravity G of the ship, perpendi-
cular to BH produced, will represent its moment to make
the ship revolve round its centre of gravity. The centre
of effort of the sails must therefore be at such a height that
the moment of the wind, estimated from the centre of gra-
vity of the ship, may be equal to this moment. If HM re-
present the line of direction of the effort of the wind on the
sails, the force of the wind acting in that direction will be
represented in quantity by HB; but as the action of the
wind is horizontal, and is equal to the horizontal effort of
the water, if BH be resolved into BN and NH, then BN
represents, in quantity and direction, the horizontal resist-
ance of the water, and NB in the same manner represents
the horizontal effort of the wind ; and if GO be drawn from
G perpendicular to the horizon, meeting HB in O, we have,
from similar triangles, HBN and OGM, NB x GO = HB
X GM; that is, O, the point in which a vertical line pass-

" ing through the centre of gravity of the ship intersects the

direction of the resultant of the resistances of the water
against the fore and after parts of the ship, is the correct
height at which the centre of effort of the sails should be
placed, that the ship’s horizontal water-line, when she has
acquired an uniform velocity, may not be affected by any
change in the force of the wind.
This point O does not fulfil the conditions of Bouguer’s
int velique, as it only determines the position of the centre
of effort of the sail as to height above the centre of gravity
of the ship ; for the moment of sail acting in a horizontal
direction, estimated above that centre of gravity, will be the
same at whatever point in a horizontal line passing through
O the centre of effort may be placed; therefore this point
O may be more properly called the height of sail. The
roeition of the centre of effort of the sails in a horizontal
ine at this height of sail, will depend on the considerations
which have been explained in a former part of this article.
It may therefore differ very considerably from that deter-
mined by-Bouguer, not only in its vertical, but in its hori-
zontal position.
From this investigation of Chapman’s, it evidently ap-
that unless BH coincides with NB, that is, unless
the resultant of the resistances of the water is horizontal,
there will be a force NH or HN acting in a vertical di-
rection, either upwards or downwards, at the centre of gra-
vity of the ship, according as the ‘posilive or negative ver-
tical resistances are the greater ; for this force, acting in a
vertical direction, cannot be derived from the direct resist-
ances, which act horizontally ; and since the whole force of
the wind acts in a horizontal direction, and is destroyed by
the horizontal effort of the water, n:ﬂym of its force can
be employed in a vertical direction aftecting the action of
HN or NH. This force will therefore act to increase or di-
minish the displacement of the ship when in metion, ac-
cording as the negative or positive vertical resistances are
the greater, that is, the quantity by which the displacement
be increased by the diminution of the vertical pres-
sure upwards, incidental to the motion of the vessel, will be
diminished by the action of the force NH ; but unless NH
is greater than the diminution of the vertical pressure upwards,
it will have no effect on the position of the centre of gravity
of the displacement, and therefore none on the longitudinal
inclination of the ship. The force HN, acting in conjunc-
tion with the diminution of the vertical pressure upwards,
will affect the position of the centre of gravity of the dis-
placement in the same manner as that affects it, that is, de-
pendent on the relative form of the body above the water.

Therefore in this case the ship may have a slight tendency Theory.

to longitudinal oscillation, even though the centre of effort ~=—~—
by Chapman; but this will not affect the correctness of;'ihnisi'nl:l"‘
Chapman’s principle, and a shi%omay be easily constructed ogcillation
with such a form at the parts about the surface of the wa-may ensue.

of the sails be placed at the height of sail, as determined

ter, that this inconvenience will not occur.

Now, if we sup) BV and BI to be given in position,
the force NH or HN will depend, in (?uantity and direc-
tion, on the proportion between BV and Bl, that is, on the

roportion of DF to EC. Now when BH coincides with

B, or when the direction BH of the resultant of the
water is horizontal, the force NH or HN vanishes ; there-
fore, if we sup) HB to coincide with BN, then HB is

lel to CD; and the angle VBH will be equal to the
angle BDC, and the angle BCD will equal the angle HBC
= VHB. NowVH:VB::sin. VBH:sin. VHB::sin. BDC:
sin. BCD; and since VH = BI = EC, and BV = DF, there-

fore EC : DF::sin. BDC: sin. BCD; consequently we have, Genera)
that the positive and negative vertical resistances are equal theorem.

to one another, and the direction of the resultant of the re-
sistances of the water will be horizontal, when the result-
ant of the direct and vertical resistances of the water on
the bows of the vessel is to the resultant of the direct and
vertical resistances on the stern, inversely as the sines of
the angles which the respective directions of these resul-
tants make with a horizontal line.

The extremities of a vessel of the usual form may, for
the pulgose of determining the proportion between the di-
rect and vertical resistances which they experience, be con-
sidered as planes moving obliquely in a fluid, and conse-
quently the lproport.iom; between the direct and vertical re-
sistances will depend on the angles of inclination which the
surfaces of these extremities make with the direction of the
vessel’s motion, that is, with a horizontal line ; and the sum
of the direct resistances on either extremity will be to the
sum of the vertical as the cosine to the sine of the angle of

inclination ; consequently, as long as the inclinations of the Proportion
bow and stern to a horizontal line remain unchanged, thisbetween

proportion between the direct and vertical resistances ex- ‘vli’;‘.::a‘{"r‘:

sistances

tion of DK to KF. and of LC to EL, will be invariable; i, variable.

perienced by those respectively, that is, the propor-
and therefore, as far as these considerations are involved,
the directions of the resultants DF and EC will remain
constant, whatever alteration may take place in their re-
lative proportion to each other, arising from any increase
or diminution in the velocity of the vessel.

Since, when the direction of the resultant of the water
is horizontal, EC: DF :: sin. BDC: sin. BCD, then EC-
sin. BCD = DF - sin. BDC; now let us suppose the

roportion of DF to EC to be altered, so that EC - sin.

CD will be greater than DF - sin. BDC, that is, let us
wpr:;a the comparative proportion of DF to EC to be in-
creased.

Produce DV to P, and make BPhto BI in the increased

rtion of DF to EC, complete the lelogram BPQJ,
;P:"Odpo draw the diagonal BQ; l{’Q will rep;rnlésent the direction
of the resultant of the resistance of the water, after the al-
teration of the proportion between DF and EC.

Produce QB to S, then the le PBQ = the angle
DBS, and since BP is lel ::%Q, the angle PBQ is
equal to the angle IQB, and the angle IHDB is greater
than the angle IQB ; consequently the angle DBM, which
is equal to the angle IHB, is greater than the angle IQB,
that is, the angle DBM is greater than the angle DBS, and
S, the point in which the direction QB cuts the vertical
line GO, will be within or below the point O; therefore
GS will be less than GO. If EC, that is, B, had been in-
creased in proportion to DF or BV, .the point S would, in
the same maaner, have been found to be above the point
O; consequently, from this we may deduce the following
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Theory. general proposition, that as the proportion which the re-
== sultant of the direct and vertical resistances on the bows of

General
theorem.

Limits to
the posi-

tion of the

height of
sail.

‘What go-
verns its

height be-

tween
these li-
mitse

Apparent

a vessel, bears to the resultant of those resistances on the
stern, is greater than the proportion which the sine of the
angle made by the resultant of the after-resistances with a
horizontal line, bears to the sine ofsthe angle made by the
resultant of the fore-resistances with a horizontal line, the
height of sail will be diminished, and as this proportion is
diminished, the height of sail will be increased. Now when
DF is infinite in comparison with EC, that is, when the
negative resistances vanish, BQ will coincide with BP, and
the height of sail will be at W, the point in which the ver-
tical line drawn from the centre of gravity of the ship in-
tersects the direction of the resultant of the positive re-
sistances. But if DF vanishes in comparison with EC, BQ
will coincide with BI, and the height of sail will be at R,
the point in which the vertical line drawn ‘from the centre
of gravity intersects the line BC; consequently the points
R and W will be the limits between which the position of
the height of sail must be situated. The directions of the
resultants of the resistances on the bow and stern being
known, the position of this point within these limits will
depend upon the velocity of the ship, in as far as that ve-
locity affects the ratio which these resultants bear to each
other. And since the negative resistance depends on the
degree of vacuum which the vessel creates by the velocity
of its passage through the water, it will evidently be very
inconsiderable as long as the velocity continues small. In
fact, this is found to be the case experimentally, as is also
that, after certain limits, this negative resistance increases
in a greater ratio than the velocity. We may therefore
draw the general conclusion, that the less the velocity of
the ship is, the nearer will the height of sail approximate
to that of its lowest limit ; and, on the contrary, the greater
the velocity of the ship, the nearer will this point approach
its highest limit. But as we are not yet sufficiently ac-
uainted with the laws of the motion of fluids to determine
e ratio of the increase or decrease of the positive and ne-
gative resistances experienced by bodies in their
through the water, we cannot ascertain how near the ulti-
mate position of the height of sail with the greatest velocity
which the vessel can acquire will approximate to the limit
which has been assigned to it.
One circumstance which may affect the height of sail re-

water-line maing to be noticed ; this is, the deviation of the apparent

and true

water-line

Effect of

water-line of the ship when she is in motion, from her hori-
* zontal water-line, which is occasioned by the accumulation
of fluid at the fore-part of the ship, and the depression of it
at the after-part, that is incidental to the motion of a body on
afluid. This will vary in degree in proportion to the velo-
city of the ship. Now if this addition to the one and diminu-
tion from the other of the resisting surfaces alter the propor-
tions between their respective vertical and direct resistances,
the directions of the resultants of the resistances on these
surfaces, which depend on these proportions, will also be al-
tered. If the extremities of the vessel were formed by plane
surfaces, neither the accumulation nor the depression would
alter the directions of the resultants of the resistances, since
the angles of incidence would be the same for every part of
the surfaces ; but as the extremities of the vessel are curved
surfaces, the effect produced on the direction of the re-
sultants of their respective resistances will depend on the
relative inclination to the horizon of the curve of that part
of the body beneath the horizontal water-line, and of the
parts above or below the water-line, which will be affected
by the accumulation and depression of the water. Since

sccumuls- the lower parts of the vessel’s body, both forward and abaft,

tion and

depression
of the wa-
ter.

are those which are generally most inclined to the horizon,
it is probable that the direction of the resultant of the re-
sistances on the bow is lowered by the accumulation of the
water against them, and that the direction of the resultant

of the resistances to the stern is rather raised by the depres- Theory.

sion of the water at that At the same time it must
also be observed, that, by the effect of the accumulation,
the centre of effort at which the resultant of the resistances
against the bows acts will be raised, while, by the effect of
the depression, that at the stern will be lowered.

The position of this point will determine the height above
the centre of gravity of the ship, at which the common
centre of effort of the sails should be placed, not only when
the directions of the wind and of the ship’s course coincide
with each other, but also whatever may be the direction of
the ship’s course with regard to that of the wind ; for, under
all circumstances, that portion of the force of the wind
which acts in propelling the ship in the direction of her
course, will be subject to the same laws which govern the
action of the whole force of the wind when it acts in that
direction.

It is also evident, that it is not only n

set, and for which the position of the height of sail is gene-
rally recommended to be estimated, should coincide with
this point ; but also, that when additions are made to the
quantity of sail set, care should be taken to preserve the
common centre of effort of the whole surface as nearly at
this same heigat above the centre of gravity of the ship as
is possible.

t is frequently observed that a ship’s velocity does not Velacity

increase or decrease in proportion to the additional quantity may not in-
of sail set or taken in. It is evident, from the principlegﬁ“"‘"g
which have been explained, that these apparent anomalies i)

must arise from the mal-position of the centre of effort of
the sail ; and, in fact, it is even possible that the velocity of
a ship may be decreased by the addition and increased by
the diminution of sail, if the centre of effort is improperly
placed. That this may be the more evident, suppose AB
(fig. 8) to be the water-line of a ship, when the centre of

Fig. 8.
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effort of the sails is situated at the correct height of sail
GF ; then suppose the disposition of the sails to be so alter-
ed that their centre of effort coincides with E, a point si-
tuated above the point F ; and let a = the force of the wind
on the sails both before and after the alteration ; its moment
to turn the ship round its centre of gravity G, when its
action takes place at the point E, will be equal to a . EG,
and this force will be opposed by the horizontal resistance of
the water, also = aq, acting at the distance FG from the
centre of gravity G ; thereforea* EG —a* FG =a* EF will
be the force exerted by the wind to make the ship revolve
round G, its centre of gravity, and immerse the bows ; and
the inclination will continue from the effect of this action
until the moment of hydrostatical stability, which it will
generate, becomes sufficient to counteract it. It should

a> ]
/i ]
» /u

that the Addition or
centre of effort of the surface of those sails which are usually diminution.
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"Cheory. here be observed, that by e difference which the inclina-
==v==tion of the ship will make in the angles of incidence of the
water on the bows and stern, the correct height of sail, after
the inclination, will most probably not coincide with F, but
the alteration arising from this circumstance in the position

of thia point will depend on the form of the vessel’s body.

When the force a4 * EF is destroyed, suppose the water-

line to coincide with CD, then from G draw GH, making

with GE the angle EGH equal to the angle of inclination

DGB ; take GH = GE, then H will be the position of the

centre of effort E of the sail after the inclination, and the
angle BGH will represent the inclination of the plane of

the sails to the horizon, they having been supposed to be

vertical before the inclination of the ship. Now trom H

draw HM horizontal, and take MH to represent the whole

force of the wind acting in that direction, at the points

H and F; then from M draw ML perpendicular to GH ;

and from L draw LK perpendicular to MH ; MK will re-

present the horizontal X)rce of the wind acting to propel the

ship in the direction of its course, when the centre of effort
of the sails is at E. Since MH represents the quantity of

this force when the centre of effort of the sails is at the true

hei%ht of sail F, KH will represent that part of the horizon-
tal force which is lost by the mal-position of the centre of

effort ; and if MH, the whole force of the wind, be assumed
equal to radius, then from similar triangles MHL, LHK,
we get the value of KH equal to the square of the sine of
the angle of inclination divided by the radius, when radius
is equal to the whole force of the wind. Therefore, if the
removal of the centre of effort from its correct position at
the height F had been accomplished by an addition to the
quantity of sail set, instead of by an alteration in its dispo-
sition, unless the increase of MH, the force of the wind
ariging from the increase in the area of sail set, was greater
than this value of KH, which represents the force lost, the
velocity must be diminished instead of being increased,
by the addition to the force of the wind ; since its effective
force to propel the ship would be diminished by a quantity
equal to the difference between this value of KH and the
increase of the whole force of the wind. Now suppose that
by the mal-position of the centre of effort at E, the ship is
inclined so that GH is the plane of the sails, it is evident
that the quantity of sail may be reduced until the force of
sin.! EGH
rad. MH ’
without diminishing the velocity, if, by this reduction in the
quantity of sail, the centre of effort is removed to its correct

position at F. This reasoning shows that when the centre

of effort of sail is placed too high above the centre of gra-

vity of the ship, the disadvantages of such an adjustment

may be lessened by raking the masts, since by that means

the loss in the force of the wind may be avoided.

If centreof  'When the centre of effort is above the height of sail, the

effort of sail velocity of the ship will be subject to further decrease from

the wind is diminished by a quantity equal to

::":‘:':f the increase of resistance which will resuit from the immer-
“'f sion of the full parts of the body forward, and the conse-

quently greater area of midship section. Also, in the case
which has been supposed of the plane of the sails being
vertical before the commencement of the action of the
wind, when the longitudinal inclination EGH takes place, a
part of the action of the force KL will act to increase the
displacement, and consequently the resistance. This dis-
advantage may also be diminished by raking the masts.
Excess of There are other circumstances arising out of the longi-
moment of tudinal inclination of the ship, caused by the excess of the
sail over _ oment of the wind on the sails over the moment of hy-
drodynamical stability, which are disadvantageous to the

soment

3’..',‘1:1“,{:‘;.'. properties of the ship. The equilibrium which en-
lity. sues between the excess of the moment of the wind and

the moment of hydrostatical stability, which has been de-

47
scribed as being generated by the inclination, will not be Theory.
constant, as every increase or decrease in the force of the v~~~
wind will cause an increase or decrease in the moment of
stability, which must be obtained by a corresponding change |
in the inclination ; therefore a shiﬂ in which the centre of
effort is placed above the true height of sail, will be subject
to an alteration in her water-line at every change in the
force of the wind ; and it will, owing to this circumstance,
not only be impossible to adjust the longitudinal position of
the centre of effort to any fixed trim of the ship which may
have been found to be advantageous, but it will be equally
impossible to determine the best longitudinal position for
this point, after the ship is in a state of motion, since her
trim will be subject to constant change.

If the centre of effort, instead of being supposed to be Centre of
situated above the true height of sail, be considered to be effort be-
below that point, the immersion will take place at the after- L‘;w'sh‘.
extremity of the ship, from the action of the excess of the
moment of the resistance of the water. It must also be
observed, that there will be this difference in the two cases.

When the centre of effort is above the height of sail, at

every increase in the force of the wind the ship will, from

the increased immersion of the bows, fly up to the wind,

while the effect of the immersion of the after-part will be

to make her fall off from it. The ill effects which have Disadvan-®
been described as attendant on the mal-position of the tages of
centre of effort of the sails with respect to the height of :'i‘(‘::'p‘;‘"
sail, though they cannot be removed while the cause exists, cem: of
and which may consist in the improper proportions of the effort.
masts and yards, can in some cases be diminished by an
alteration in the disposition of the weights on board the

ship. If, instead of supposing the ship to incline, from the

action of the force of the.wind at the point E, we suppose the

effort of this force to produce the inclination to be counter-

acted by the removal of a weight (b) from a point N at the
fore-part of the ship, to another point O at the after-part,

then the ship will be maintained in a state of equilibrium

by the action of the two equal forces a*EF and 4: NO ;

and she will therefore move without longitudinal inclination,

as long as the force of the wind remains constant ; but any
alteration in that force must be counteracted by a corre-
sponding alteration in the position of the weight : also, when,

from the action of the water on the hull, the ship acquires an
angular velocity, the angular momentum will be increased

by that of these two fbrces, which may both be considered

as weights acting at their respective distances from the

centre of gravity of the ship. It is therefore evident, that

an error in the position of the centre of effort of the sails
cannot be advantageously remedied by any alteration in the
disposition of the weights in the ship, except in peculiar

cases of smooth water ; and further, if the error be that the

centre of effort is above the height of sail, the ship will la-

bour under the disadvantage of a diminished area of sail,

since the moment of sail must be in constant proportion to

the moment of stability ; and if the centre of eftort is too

low, the ship may not be able to obtain all the advantage of
motive power that her stahility would admit of her applying.

It arpears, therefore, that unless the centre of effort of Centre of
the sail be placed at the height of sail, a ship, however good effort at
her form, and the properties connected with it, may be, and true .‘l“"ﬂh‘
whatever may be the care bestowed to render those pro-% **
perties most efficient, will labour under very serious disad-
van ; while, on the contrary, a correct adjustment of
this element, and a knowledge of the principles on which
that adjustment depends, will place it in the power of a
commander to obtain a maximum of advantage from the
powers and properties of his vessel, since it will enable him
to acquire the greatest possible efficient action from the
motive power at his disposal.

As was before said, the determination of the height of
sail must be classed among those problems of naval archi-
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tecture which, labouring under the difficulties attendant on
our imperfect knowledge of fluids, cannot be attained by
tiseory alone. It will now be shown that, by the aid of

on the prac- theory, sufficient deductions may be made from experiment
tical appli- to remedy its practical insufficiency. Throughout the fore-

cation of
foregoing
principles
may be
overcome,

going considerations, the sails have been reasoned on as if
they were plane surfaces. If this were the case, their centre
of effort would coincide with their common centre of gravi-
ty ; but, from the flexibility of the materials of which they
are made, the sails become, when acted upon by the force
of the wind, curved surfaces. However, from the whole
surface of sail with respect to height being composed of
several such surfaces, the error arising in practice from as-
suming the height of the common centre of gravity of the
whole surface to be the height of the centre of effort, will
be very inconsiderable; therefore, in practice the centre
of effort of the sails may be represented, with respect to
height, by their common centre of gravity.

Since we know, from the principles which have been ex-
plained, that when the centre of effort of the sails is at the

sail by calculating the height of the C€llre of gravity of the Theory.

surface of sail then set. In this manDer the correct height
of sail for any trim may be found ; While, by observing at
the same time the comparative qualities of the ship when
at each of these trims (after the height of sail is determined
for it), that trim of the ship and sails may be determined at
which a maximum of advantage may be derived from the
inherent good qualities of the ship, as far as the perfection of
the matériel will admit, that is, as far as the position and pro-
portion of the masts, yards, and sails, are adapted to the ele-
ments of the construction of the ship’s b:sy; while from
knowing the best trim of the ship, and the true position of
the centre of effort under the several circumstances of wind
and sea, the naval architect will be in possession of sufficient
data to make such alterations in the matériel as shall then
insure a maximum of advantage with a maximum of the
means. In fact, correct observations of this nature would
go very far to remove much of the difficulty which theory, in
its application to some points in the practice of naval archi-
tecture, at present labours under.

The laws which govern the mutual action of the wind and Recspitula~
water on a ship when she is in motion have now been ex-ton ‘lfh
plained, principally as they affect her equilibrium round aP™"“P

true height of sail, the trim of the ship will not be subject-
ed to alteration by any increase or diminution in the force
of the wind, the height of sail for any trim may be deter-

mined by experiment, by first bringing the ship to that trim
when she is at rest, and then adjusting the sails so that her
water-line when in motion may be parallel to this trim.
This being admitted, it is evident that, by proceeding on
the principles already explained in this article, the maxi-
mum of advantage arising from the correct position of the
centre of effort of the sail may be insured, by first ascer-
taining, from experiment and observation made with re-
ference to the longitudinal position of the centre of effort
with respect to the centre of gravity of the ship, the most
advan us draught of water, and then determining the
correct height of sail with respect to that draught of water.
The observations necessary to effect these objects will
require considerable patience and attention ; but it must be
considered that they will not only enable a commander to
derive the t possible advantage from the means at
his disposal, but that they will afford correct data for per-
fecting those means. The following observations may suffice
to explain the principle which should be pursued. The
draught of water previous to 'sailing should be observed ;
and an instrument which will correctly measure the angle
of inclination should be fixed, in reference to this water-
line, so that by means of it every deviation from this trim
may be exactly known. This is rendered absolutely neces-
sary, because, when a ship is in motion, her correct trim,
that is, her horizontal water-line, cannot be observed, in
consequence of the accumulation and depression of the wa-
ter which is caused by the motion. In fact, any alteration
made in the trim of the ship or the sails, founded on obser-
vations made with reference to the apparent water-line,
might be extremely hazardous, and certainly would not
roduce the results expected, as the position of this water-
ine depends wholly on the circumstances which are in im-
mediate operation. Having the instrument fixed, when the
ship has acquired a uniform velocity observe the alteration
which has taken place 1n her trim, as, until the velocity is
uniform, the trim will be influenced by the force which ac-
celerates the velocity. Then, if her longitudinal oscillations

vertical or a horizontal axis of rotation ; because by point-
ing out the various states of equilibrium which reau.rto be-
tween the action of the wind on the sails and the water on
the hull, we are enabled to show the effects which may be
produced on the qualities of the ship by modifications in
these equilibrio ; either by the use of the helm, by altera~
tions in the trim of the ship, in the quantity of the sail set,
or in the disposition of that quantity, so that in the various
changes which may take place in the state of the wind or
of the sea, the qualities of the vessel may either experience
the least possible injurious effect, or the greatest possible
degree of benefit, according as the tendency of the change
may be injurious or beneficial. In pursuing this train of
reasoning, we have also endeavoured to explain in what
manner the principles that govern the mutual action of
these forces may be made available in directing such.ob-
servations on the performances of ships as may lead to the
formation of correct conclusions on their powers and quali-
ties, and guide us to the best means of rendering these qua-
lities most easily available. It has also been shown, that by
experiments and observations made according to the prin-
ciples which have been advanced, a maximum of advantage
may be obtained from a ship, as far as the form, the fitness
of the proportions and positions of the masts and yards, the
proportions of the sails, and the trim of the vessel, will admit;
and, what is yet more important, that sufficient data may be
obtained to enable the naval architect to judge correctly of
the comparative perfection of those means, and so to form
correct conclusions as to such deviations from them, as would
either tend to their improvement or to obviate similar de-
fects in a future design.

It is evident, that whatever may be the service required In every
from a vessel, there must always be some maximum of ef-vessel a
ficiency with reference to those services, which is to be ar- T mum

rived at by a judicious combination of the powers of the
vessel with the means which call them into action. The
distinguishing division of the characteristics of the qualities
re%uired in vessels are mainly those peculiar to burden
an

ciency.

those peculiar to velocity. In England, for the lastDistinct
century, we may say that burthen, to the sacrifice of every ‘l“";::‘o
other quality, nay, even to an extent compromising the 4 'el':,_
safety of the vessel and the lives of the crew, has been the city.
solitary requirement in the design of a merchant-ship.

In ships of war, under almost all circumstances, it is aIn ships of
combination of the two which is the desideratum ; and it war both
is not sufficient that a vessel should be only le of great Pecessary-
velocity in direct courses, or when the propelling force acts
in the direction of the keel; for it is in most cases of more

or her pitching motions appear to be only influenced by the
state of the sea, the centre of effort is correctly placed at the
height of sail. Therefore the height of the centre of gravity
of the surface of sail set, will give the height of sail. But if
at every change in the force of the wind the vessel experi-
ehces a sudden increase of longitudinal oscillation, observe
by the instrument its nature and degree, and make such a

ge in the adjustment of the sails as the foregoing prin-
ciples have shown to be necessary ; and when the tendency
to increased longitudinal oscillation ceases, find the height of

s
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Theory. importance that the should be capable of great velocity
~=—v="when acted upon by a force in a direction oblique to that

of her length, and at the same time that the deviation of her
course from this line should be the least possible.
The principles on which this deviation of the course of
a ship from the line of her keel, or the angle of lee-way, de-
pends, will now be explained ; and the causes will be shown
which occasion the actual results of observations on ships
to differ from the theoretic principles which have been ad-
vanced by writers on this subject ; and such methods will
be suggested for making further observations in reference
to these qualities as may be desirable, with a view to col-
lect data to supply the deficiencies resulting to the theory
from the imperfgct state of our knowledge r ing the
resistances of fluids, particularly as they affect the oblique
Pﬁe of a ship through the water.
atever may be the angle which the direction of the
wind makes with the plane of the sails, the only effective
force of the wind on the sail is that part of the whole force
which can be resolved into a direction perpendicular to the
surface of the sails ; therefore, whatever may be the whole
force of the wind, its effective force will vary as the sine
of the angle which the direction of the wind makes with the
sail ; and as the velocity of the ship is in proportion to the
effective force of the wind, it will also, all things else re-
maining the same, vary as the sine of this angle. Now, as,
when the ship is under sail, the direction of its motion

should coincide with the middle line, that is, with the di- -

rection of the keel, since the plane of resistance is less when
the ship moves in that direction than it is when the line of
motion cuts the ship obliquely, all that part of the force of
the wind which acts in any other direction than that of the
keel must be disadvantageous to her progress, as tending
to force her in a direction in which she will meet with an
increased resistance from the water. From what has been
said above, this injurious tendency must necessarily occur
in every circumstance of the action of the wind on the sails
of a ship, excepting in that under which the trim of the
sails is at right angles to the middle line of the ship, as, un-
der all circumstances, the force of the wind on the sail may
be resolved into two, both of which will have effect on the
ship, the one acting perpendicular and the other parallel to
the middle line: or, if we suppose AB (fig. 9) to be the
middle line of a ship,
and CD the direction Fig. 9.
of the yard, making
with AB the angle
DEB lessthanaright
angle; and suppose
FE to represent the
quantity and direc-

L

thewind; from Eand
F draw EG perpen-
dicular and FG pa- )
rallel to DC, and
from G draw GH perpendicular to AB; then GE will re-
nt the effective force of the wind on the sail, and GH
and HE will be respectively equal to the parts of that force
employed in propelling the vessel in a lateral and in a di-
rect course. If CD, the direction of the yard, were per-
pendicular to AB the line of the keel, the lateral effort of
the wind, or the force GH, would be lost, and have no ef-
fect on the ship; but when CD is oblique to AB, what-
ever may be the quantity or direction of the force FE of
the wind with respect to AB, it may be resolved into two
forces, both of which will be effective on the ship. As long
as DEB, the angle formed by the direction of the yard
with the line of the keel, remains the same, its complement,
the angle GEH, will remain the same; and as GHE is a
right angle, the triangle GEH will remain similar to itself,

and the proportion between GH and HE will be invariable,

49

Fheory.

and therefore the effort to cause the deviation of the course “~=~~"

from the line of the keel, or the action of the force GH,
will be in an invariable proportion to the force acting to
propel the vessel along tEat line, or the force HE ; and, as
we know from what has been before said, that the forces
GH and HE must be respectively equal to, and opposed
by, the lateral and direct resistances of the water acting in
the directions HG and EH, the motion of the ship must
be along some line ab, such that the equilibrium between
these forces may be maintained. This is the principle on
which the deviation of the course of the ship from the line
of the direction of the keel depends.

The angle of lee-way is determined as follows: Suppose
the direct and lateral resistances of the water to the pas-
sage of the vessel to be respectively R and r, and the sur-
faces respectively opposed to these resistances to be d and
¢, and the angle DEB which the sail makes with the line
of the keel to be ¢ ; then, if the angle of lee-way be sup-
posed to be z, we have

R:r::d'cos?zx:e'sint 2
. R _d-coslz d
“r T e siniz ertant 2

and E=E'-EI---Ein;c—tan ¢
r  HG  cos.e™
. d —
..m-ﬁt—tan.c;

. d
or, tan.* ¥ = N cotan. ¢

J —
tan. r = ; cot. ¢.

From this equation, also, it appears that the angle of lee-
way depends wholly on the angle of inclination of the sail
to the line of the keel, without in any way involving the
velocity of the ship ; and most writers on naval architecture
have in this manner considered the question of the equili-
brium which exists between the force of the wind and of
the resistance of the water in producing this angle. Bou-
guer has calculated an elaborate table of the angles of lee-
way for various classes of ships for the several degrees of in-
clination of the sail to the keel, from 80° to 90°; but the re-
sults which he has obtained differ essentially from those de-
rived from observation on the actual performances of vessels.

According to the theory which has been explained, and
on which Bouguer founded his calculations, the lee-way
depends solely on the angle formed by the yard and the
keel, and is uninfluenced by any other cause, and therefore
is neither affected by the angle which the direction of the
wind makes with the sail, nor by the velocity of the vessel ;
but this is contrary to the facts elicited by the experience
of the actual motion of a ship under sail. From the geo-
metrical construction which has been given, it is evident,
that whatever may be the force or the direction of the
wind, the proBortion which GH bears to HE will increase
as the angle DEB diminishes, and so far the theory agrees
with experiment ; but it is well known to all who have ob-
served the motion of a vessel through the water, that with-
out any alteration in the direction of the wind with the
keel, the lee-way varies with every variation in the velocity
of the vessel ; and also, from this same cause, the alteration
in the velocity, all things else remaining the same, if the
angle formed by the direction of the wind with the keel be
altered, the angle of the lee-way will also exYerience an
alteration ; in fact, so greatly does the angle of lee-way de-
pend on the velocity of the ship, that in the same vessel,
under similar circumstances of bracing of yards and direc-
tion of wind with the keel, the only varying circumstance
being a difference in the force of the wind, the quantity

Bouguer.
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Theory. of lee-way will vary from that which would occur by the

arising from form or area is much sﬂ"]le,- in a direct than Theory.
=== ship’s almost drifting in the direction of the sine of the angle

in a lateral direction, and therefore th€ €qujjibrium between “~=—~—"

Experi-
ment at va-
riance with
theory ;

but not an
insurmoun-
table ob-
Jjuction.

of incidence of the direction of the wind on the sail, to that
which would exist if her course almost coincided with the
line of her keel, or to a quantity which, in practice, would
evidently be scarcely observable.

There is some difficulty in accounting for this difference
between the results of theory and the facts observed from
experience. It depends in a great measure on the imper-
fection of our knowledge respecting the laws of the motion
of bodies in fluids, so that we are unable to estimate the cir-
cumstances of the resistance of the water on the bows and
on the sides of the ship. The results of the theory of re-
sistances, when applied to oblique impulses, vary very con-
siderably from the actual resistances as observed by expe-
riment, more especially as the angles of incidence become
more acute. This discrepancy affects the lateral resistance,
or the resistance on the broad-side, more than the direct, or
that experienced by the bows of the vessel, and therefore
bas a corresponding influence in causing the actual lee-way
of a ship to differ from the theoretic result. But this, again,
is one of those difficulties arising from the imperfect state
of the theory of resistances, which may be classed among
those which were referred to in the early part of these ob-
servations, as requiring “ only to be fully known and under-
stood, to be, if not absolutely theoretically solved, at least,
from the collection of facts, from experiment, and from ana-
logy, so far overcome, as to leave nothing to be desired.”
The course of these remarks will tend to show the possi-
bility of this. Professor Robison, in the excellent article on
Seamanship, speaking of the results deduced by Bouguer,
says, “ that the person who should direct the operations on
ship-board in conformity to the maxims deducible from M.
Bouguer’s propositions, would be bafled in most of his at-
tempts, and be in danger of losing his ship. The whole
proceeds on the supposed truth of that theory which states
the impulse of a fluid to be in the proportion of the square

the forces which act laterally may €MNsue before that be-
tween the forces which act directly ; 1n which case the la-
teral motion of the vessel will become uniform before the
direct motion, and consequently the ultimate course or di-
rection of the vessel, when all the forces have arrived at a
state of equilibrium, will approximate to that of the last
acting force, that is, will more nearly coincide with the di-
rection of the keel, and the angle of lee-way will be dimi-
nished. As this reasoning depends on the intensity of the
force of the wind, the effect will vary as the cause ; and the
greater the force of the wind, and consequently the velo-
city of the ship, the greater must be the dimination of the
angle of lee-way, that is, the angle of lee-way will, so far as
it is affected by these considerations, vary inversely as the
sine of the angle of incidence of the wind on the sail.

Romme, in his T'raité du Navire, differs from the opinions Romme.

advanced by Bouguer; and though his reasoning on this
subject is far from clear, his opinions are valuable, as he
founds the conclusions at which he arrives, that the lee-way
varies inversely as the square of the velocity, and that it
increases with the obliquity of the sails to the keel, princi-
pally on observations and experiments on the actual per-
formances of vessels; and these are the only means by
which, as yet, we can hope to arrive at the solution of this
problem. However, much further observation is necessary
to afford sufficient data on which to found an approxima-
tion to the lee-way which a vessel makes. The general
facts which influence it appear to be the greater or lesser
angle of incidence of the wind on the sail, as the velocity
of the ship is dependent on this ; the angle of the inclina-
tion of the sails with the keel ; the form of the vessel as it
affects the ratio of the direct and lateral resistances; the
form of the vessel as it affects the velocity ; the stability as
it affects the lateral resistances ; the quantity of sail set ; and
the state of the sea.

The distance which a ship falls to leeward of her course Tables
in any given time may generally be very easily ascertain-might be
ed ; and it would not be a task of any great difficulty to formed.

of the sine of the angle of incidence, and that its action on
any small portion, such as a square foot of the sails ot hull,
is the same as if that portion were detached from the rest,

Another
cause of
deviation
from theo-
retic con-
clusions.

and were exposed singly and alone to the wind and water
in the same angle.... But let it be observed, that the theory
is defective in one point only ; and although this is a most
important point, and the errors in it destroy the conclusions
on the general propositions, the reasonings remain in full
force, and the modus operandi such as is stated in the theory.”

There is another cause existing to occasion the devia-
tion which is observable in the practical results of the lee-
way of a ship from the conclusions of theory, which arises
from the theory’s not embracing the whole of the circam-
stances attendant on & vessel’s motion through the water,

form tables, from actual observation, for ships, under all the
various circumstances which have been shown to affect the
deviation of their course from the line of direction of the
keel. In the open sea the quantity of lee-way made in any
certain time may be easily ascertained by measuring the
angle which the ship’s wake makes with the line of the
keel; then, if the distance run during the time for which the
lee-way is to be observed be ascertained, as that distance is
measured along the line of lee-way, the distance run in any
period of time will be to the distance which the ship has
fallen to leeward of her course during that time, as radius

By recurring to the explanation which has been given of
these circumstances in a previous portion of this article,
some further elucidation may be afforded to the unsatisfac-
tory result of the theory. When motion is communicated

to the sine of the angle of lee-way. When a ship is in sight Experi-
of land, the angle which the direction of the keel es ments
with the line of lee-way may be more correctly observed by Which may
means of a fixed object on the shore, whenever the state of > ™de-

to a vessel from a state of rest, or from a lesser degree of
motion, the effort of the wind on the sails is greater than
that of the water on the hull, whether to propel the vessel
in the direction HE of the keel, or, laterally, in the direc-
tion GH, and the velocity of the vessel in each of these
directions is accelerated by the excess of the force of the
wind over the resistance of the water, until, ultimately, by
the diminution in the relative velocity of the wind, and the
increase of the relative velocity of the water, an equilibrium
ensues between the propelling and the resisting forces, and
the vessel continues to move in the direction of the last
acting force, and with the last acquired velocity. Now the
resistances of the water in the direction EH and HG may
be assumed to increase as the squares of the velocities, and
from the nature of the form of a vessel, and from the com-
parative direct and lateral resisting areas, the resistance

the wind and sea may render an estimation of the lee-way
desirable, that is, whenever the wind is sufficiently steady ;
as, of course, it is supposed that the angle formed by the
direction of the wind with the line of the keel will remain
constant during the whole time for which the distance fallen
to leeward is to be ascertained. If, when the ship is either
approaching or leaving the shore, her head be constantly
kept to the same point of the compass, the ship’s course will
be along the line of lee-way ; and as all things are supposed
to remain constant during the time of the observation, this
line will form a constant angle with the line of the keel,
and therefore the point on the shore, which will have the
same bearing from the ship as the line of lee-way, will re-
main at that bearing during the whole time in which the
ship either approaches to or recedes from the shore. Con-
sequently, it, when a ship either approaches to or recedes
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Theory. from a shore, 81 Object on the shore be observed which and of the course of the vessel coincide, that is, unless the Theory.
has a constant bearing from the ship, it must be in the di- vessel is before the wind, the direction of the wind as “=—v—
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rection of the line of lee-way, and therefore the angle which
it makes with the direction of the keel will be the correct
angle of lee-way ; and then, as before, if the distance run
in any time be taken as the radius, the distance which the
ship has fallen to leeward of her course in that time will be
equal to the sine of the angle of lee-way to a radius equal to
the distance run by the vessel in the time assumed.

The actual quantity gained to windward in any given time
may also be easily ascertained. The motion of the vessel
through the water may be considered in four directions,
and the velocity with which it advances in either of these
directions determined.

The actual velocity of the ship, or the velocity along the
line of lee-way, which may be called the oblique velocity,
may be resolved into two ; the direct velocity, or that esti-
mated in the direction of the keel, and the lateral velocity,
or that which is in a direction at right angles to the line of
the keel ; and contemporaneous with these is the velocit
with which the ship gains to windward. Let AB (fig. 10
be the direction of the
line of the keel of the
vessel, and EF the di-

rection of the yard, cut-  * ”
ting thatdirection of the

keel obliquely. Then, x
whatever may be the A B L p

direction of the wind *
GH, the course of the

vessel will be along

some line HK, forming r

an angle KHB with the @

direction of the keel ; then suppose HK on the line of Jee-
way to represent the velocity of the ship in that direction,
from K draw KL perpendicular to HB, and cutting HB in
L then the velocitylﬁeK is equal to the two velocities HL
and LK ; and HL and LK will represent respectively the
direct and lateral velocities of the vessel, in proportion to
the oblique velocity HK ; and if from the points H and K,
HM be drawn perpendicular and KM parallel to the direc-
tion of the wind GH, MK will represent the welocity with
which the ship has gained to windward in the time in which
she has described the space HK. For the origin of the
wind being supposed to be at an infinite distance from the
vessel, as%-lM is drawn perpendicular to GH, the direc-
tion of the wind, it may be sup) equidistant in every
point from the origin of the wind; and as the angle GHK
i8 less than the angle GHM, the line HK is within the line
HM ; and therefore the point K is nearer the origin of the
wind than the point H, by a quantity equal to the pe;;en-
dicular distance KM, of the point K, from the line HM;
or the ship has gained the distance MK to windward in
running from H to K. It is evident that if HM coincided
with HK, the ship would neither have gained to windward
nor fallen to leeward ; and that if HM fell within HK, the
ship would have fallen to leeward. When the distance HK
run by the vessel along the line of lee-way, and the angle
of lee-way KHL, are known, the value of KM may be easily
determined; for since the angles GHF, FHL, and LHK,
are all known, and the line MH is drawn perpendicular to
HG, their complement, the angle MHK, is known ; there-
fore, as HMK is a right angle, HK is to KM as radius is to
the sine of the angle KHM ; or KM is the sine of the angle
KHM, to a radius equal to the distance run by the vessel
in the e of time in which the required distance to wind-
ward, KM, was to be gained. The only difficulties in the
practical solution of this proposition are, to determine the
direction HM, or the perpendicular to HG, the direction
of the wind, and the value of the angle GHF ; for when
the vessel is in motion, unless the directions of the wind

Fig. 10.

shown by the vane on board will not be its true direction ;
for, from the velocity of the vessel through the air, the vane
is subject to a force acting-upon it in a direction opposed to
that of the course of the vessel, the effect of which may be
considered the same as if the vane was at rest, and was
acted upon by a current of air having a velocity equal to
that of the vessel, but acting in an opposite direction ; con-
sequently the vane is acted upon by two forces, the one in
the real direction of the wind, acting with a velocity equal
to the velocity of the wind in that direction, and the other
acting in a direction opposed to that of the course of the
vessel, with a velocity equal to that of the vessel in its
course ; and therefore the direction of the vane will be the
diagonal of the parallelogram of which the sides represent
these two forces in quantity and direction. It is therefore
evident that, all things else remaining the same, the greater
the velocity of the vessel, the more will the direction of
the wind, as shown by the vane, or the apparent wind, de-
viate from the actual direction of the wind, or the true

wind ; and as this deviation arises from the action of a force Vessels ap-
in a direction opposed to the motion of the vessel, or acting pear to lie

along the line of the course from the fore-part of the vessel :‘;:";;n‘(‘l’

towards the after-part, the apparent direction of the wind ;)

an they

will in all cases head the vessel more than the true direc- gctually do
tion of the wind, and consequently the vessel will always lie.

appear to lie nearer the wind than she actually does.

The true direction of the wind may be found if the ve- True direc-
locity and direction of the vessel be known, and also the tion of the
velocity and direction of the apparent wind, as the corre- "%

:rondin velocity and direction of the true wind will form
he third side of a triangle, of which the three sides will be
to each other as the three velocities; and as two of these
are known, and include a known angle, that formed by the
direction of the apparent wind with the course of the ves-
sel, the third side, or the direction and velocity of the true
wind, may be easily found. But as there is a difficulty in
ascertaining the velocity of the apparent wind, the most
easy way of determining the direction of the true wind will
be by observing the arc through which the ship’s head
passes from close-hauled on one tack to close-hauled on the
opposite tack. The bisection of this arc will, all things else
remaining the same, give the direction of the true wind, as
the course of the vessel, in relation to the direction of the
wind, will be the same on either tack. Or the directions
of the apparent wind may be observed both before and after
tacking, and the true wind will be the middle point between
the two directions, as the cause of the deviation of the di-
rection of the vane from that of the true wind, or the velo-
city of the vessel, will be equal on each tack ; and when
the direction of the true wind is known, all the other parts
of the triangle may be found, as the direction and velocity
of the ship are known, and also the angle made by the ap-
parent wind with that direction.

Should the velocity of the vessel be greater on one tack
than on the other, it will be necessary, in order to determine
the direction of the true wind, to divide the arc described
by the vane when the ship is tacked into two segments,
which shall be to each other in the inverse ratio of the ve-
locitics of the vessel on the tacks adjacent to these segments.

Writers on raval architecture and seamanship ea(i)pem' to Nearest ap-

have fixed the limit of the angle which is form

by the proximu-

direction of the wind with the line of the keel, when a shipg;""":':m

is close-hauled, at six points. This exceeds the azgle which gy,
the writer of this article has repeatedly observed, by the
means which have been described, as being formed by the
direction of the wind with the line of the keel, on board the
Acorn, one of the corvettes of the ex?erimental squadron
of the year 1827. The following table will show the re-
sults of some of the observations then made.

e wind.
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Ship‘s Head Ship’s Heed No. of Points State of the
before Tacking, after Tacking. difference. Wind.
S.S.E.4E. | W.N. 11 Fresh breeze.
W.by S.348. | S.S.E. L E. 9 ‘| Light airs.
S.S.E.JE. | W.byS.}8. 9 Light airs.
W.3N. N.byE.3E 9} Moderate.
N.W.by N. | E.byN. 10 Fresh breeze.
S.S. E. w. 10 Very fresh.
WiSs. S.E. by S. 104 Very fresh.

The second and third observations in this table were
made on the same day. Their correctness receives farther
confirmation from the circumstance, that when the Acorn
was on the larboard tack, with her head W. by S. % S,, the
Columbine, another corvette of the squadron, was on the
Acorn’s beam, and it was ascertaineds?rom an observer on
board the Columbine, she was lying about SE. by S. on the
starboard tack ; she must therefore have been lying as near
the wind as the Acorn. The wind was very light, the rate
by log being only one knot two fathoms ; the angle of lee-
way, as observed by the wake, was seven degrees. It is
desirable that similar observations should be made for all
classes of ships ; the circumstances of sea, wind, and rate by

log, should also be noticed, that when any comparison is in- -

stituted, a due allowance may be made for their influence.
We have seen that the velocity of the ship depends on

the velocity the gtrength of the wind. Writers on naval architecture

of a ship.

have advanced various opinions as to the practicable limit
to the velocity of a ship, in comparison with that of the
wind. Bouguer endeavours to prove that the velocity of a
fast-sailing ship is, when going nearly before the wind,
about $ths of the velocity of the wind, and that merchant-
ships seldom attain to more than one fifth of its velocity ;
but he considers it not impossible that fast-sailing fri

may arrive at a velocity about equal to half that of the
wind. Don Juan objects to Bouguer’s limit, as too restrict-
ed ; he corroborates the opinions he advances by the re-
sults which he has deduced from experiment and observa-
tion on the actual performances of ships. He says that
fast-sailing vessels acquire a velocity nearly equal to that of
the wind, even when going before the wind. The nearest
approximation to this velocity which he observed was as
twenty-one to twenty-three; the average conclusion at
which he arrives is, that when the course of the ship and
the direction of the wind nearly coincide, the velocity of
the ship is from §ds to £9ths of that of the wind.

May exceed  But in oblique courses it is very possible for the vessel

th‘ni of the to

wind,

uire a velocity even greater than that of the wind, if
we admit the conclusions of Don Juan to be correct. The
reason of this will appear evident on a very slight consider-
ation. The velocity with which the wind acts on the sails
after the ship has acquired motion is only its relative velo-
city, that is, the excess of its actual velocity above the ve-
locity which the ship has acquired in the direction of the
wind. Now, when the directions of the wind and of the
course of the vessel coincide, this relative velocity of the
wind is only the difference between the actual velocities of
the wind and of the vessel ; but when the course of the
vessel is oblique to that of the wind, the relative velocity
of the wind is the difference between the actual velocity of
the wind and that part of the velocity of the vessel which
can be resolved in the direction of the wind. Robison, in
the article on Seamanship, says, that when the sails are
square to the keel, and the wind right aft, the ship’s velo-
city is in direct proportion to the relative velocity, and to
the square root of the surface of the sails; therefore, he
sgays,  in order to increase the relative velocity by an in-
crease of sail only, we must make this increase of sail in
the duplicate proportion of the increase of velocity.”

When the sails are oblique to the keel, he says ¢ the
velocity of the ship is proportional to ¥/ S V *sin, a; that

NHVYH

is, directly as the velocity ¢ D
of the absolute inclination «J
rectly as the square root of
agrees with the conclusions
and it is evident that, the Q
the same, and the sine of Q
wind to the yard becoming [~
whole force of the wind act[~
the yard, the velocity of thm
of the sails set, and may the Q
ing, be increased without li
From all the conclusion:
the course of these remark|[™
wind and water on a ship, im
gree of perfection in the I
with reference to ber motio >
to her course through the

[P

T

T

the suitableness of the disp-"z<J
to the form of the vessel. ’

between these elements is e

son alike show, that the mo1 =
ed to the qualities of her ft
formances approach to pe
the proportions and form o
ing near the wind, and of
cannot evidently be made >
form to their full extent, w _'_l
for rendering such qualit(Q
which the form and propor 2
ing in oblique courses, by

for such forms and courses ={
the degree of advantage it
would otherwise be capabl D
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some of the elements of c
and, within their limits, car v
::1haval architect ; becausfe, 3 L_.

itecture is a science of com, !.....s aua analogi
reader of the foregoing pages of this article it nm'.;‘:c:l;e
be observed, that there yet remain many dificulties o H
to its being perfected, and that these can only be l‘e‘x’noved
by a rigorous course of inductive investigation applied to
the results of a patient, an attentive, and, above all, a com.
petent comparison of the reported qualities and perform.
ances of ships, with an analysis of the elements of their de.
sign. When the School of Naval Architecture shall be re-
established, as it most assuredly will be, the exercises of
the students in their calculations, and their experiments on
ships, may be made available to this end, by gradually ob-~
taining the preliminary analysis of the whole navy of ¥-In .
land ; a work of very far too great labour for any thing bﬁt
the combined endeavours of many individuals to accom.
plish; and when accomplished, of too vast extent, and of
too varied and too conflicting results, to be grappled with
by any but by a mind apt to conceive, to collate, and to
generalize, and competent to submit these generalizations
to the ordeal of strict mathematical investigation.
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SHIP-BUILDING. 55
Mechanical
Tasee IL Methods of
dle:' ming
k] s 1] 5 %, > ies.
- R s s | |8 (EE
= 3 Draught of Water. | & ok | 2 25§
g M b E (2|5 |8 |3 |&%¢
£ s | B3 PR R | e, |83 55
e ° &x £ g 3 °&
3 E | =4 : |2 | 58 |35E |28 822l 83
| = g8 2w | L8| LS 32 §Eo| 38
< - '5_8 5 § Es -4 [ &g ug
g £:4 g . =2 2 S| ©
5 é & & | ¥ g s
] g E | < | 8 |28 2z
5 |- Bt |2 |8 |
a 8§ | 3 a A ac | 2
Feet. In, | Feet. In. Feet. Feet. In. [Feet. In.| Tons. | Feet. |Cub. Ft.[Cub. Ft.|Cub. Ft.] Feet. | Feet.
Rodney, 92 guns............. 204 0 |64 43 ) 2127 |23 0| 24 1}/4165]|2-445 | 735560 | 72250 | 37-14 | 40-99 | 4172
Queen, 110 guns..... .| 202 6 |59 83| 2291 |22 5} 23 5} 44823|1-843 79320 77574| 499 | 40-51 | 41-42
Vengeance, 84 guns. 194 2 | 52 28| 20655 | 21 74| 23 14{3387 |3-672 | 59856 | 58702 | 33-0 | 3709 | 37-82
*Vengeance, 84 guns... 194 11§ | 52 24| 21825 [ 22 1 | 24 10 | 3680 | 2-467 | 64836 | 63974 | 24.1 | 37-74 | 38-23
Winchester, 52 guns... 172 7 (44 38 19°1 20 1|21 2)2279 |1:662|40180)|39602| 165 | 33-564 | 34-03
®President, 52 guns......... 172 10 [ 44 11 185 19 1|21 8 |2123}|4-397 (38059 36262 ) 614 | 82:95 | 34:58
Seringapatam, 46 guns...... 159 4 |41 O 1605 | 16 8} 18 2} 1531 |2-84 |27226|26366|24'6 | 31-56 | 32-68
Inconstant, 36 guns......... 160 0 (45 0 | 1800 |19 5|19 6 |1862 | 279 |32975|32192|22:4 | 3074 | 31-49
Minerva, 46 guns.......c.c.. 152 9 (40 13| 1632 |17 618 6 |1428 |2:38 |26381|23949 | 69-4 |25'103| 27-688
Sapphire, 28 guns.... 34 0 13:42 | 14 1} 16 5} 770 |1-76 |13636|13330| 8'6 | 23-22 | 23-75
Imogene, 28 guns.......c.... 33 10 1442 |16 6|16 4| 873 | 217 [15517|15052 | 132 | 24-78 | 256-54
Challenger, 28 guns.........| 126 11 |32 8} | 151 16 7{16 7| 943 | 236 |16730(16288| 126 | 24-76 | 25:43
Rover, 18 guns...cceeeeneees| 109 9 |34 0 | 1305 | 13 113| 14 114| 563 [2-253|10017| 9722| 8-4 |20-74 | 21-37
Orestes, 18 guns.. ~f111,2 |31 O 1287 (13 10|14 7| 606 |2-485)|10805}10403|11-56 | 21-63 | 22-46
Champion, 18 guns.. 11010 |31 1 1292 |14 6| 14 6| 6158 1226 | 10824|10732| 2-66 | 21-94 | 22°12
Columbine, 18 guns......... 102 7 |33 24| 134 14 4}| 14 10| 624'8| 4'26 | 94356| 8933|143 | 1879 | 1984
Scylla, 18 guns............... 97 6 (30 O 1133 |10 7|14 3| 421'8/1'312| 7526| 7239| 82 ;17-91|18-88
*Waterwitch, 10 guns...... 83 11 |28 94| 11-142 |10 2|14 6| 330-8 -167| 5804| 5774 56 | 1644 | 1662
Britomart, 10 guns.......... 86 9 (24 7 981 |10 73| 12 3% 2780 -617| 4920| 4808| 3-5 |16:66 ; 17-05
® The calculations for the ships thus marked are made to the sea-golng draughts of water ; for the others, to the draughts of water on the drawings.
TasLe I1l—Moments of Sail, of Stability, and of Sail in terms of the Stability, in Ships which have carried their
Sail well.
‘Three-decked Ships. ‘Two-decked Ships. Frigates. Sloops. Brigs of 18 Guns. Brigsof 10 Guna.
Momeats Moments Moments Moments Moments Moments
> gles, I 7 gleg, 2 glegs i I gleyy
i |1Fe2(=°% g3 =5k 1222|288 §  |Ze3(|5%% 3 |E9§(ZSF i [Eo2|S%E
1ol @ Babn| @ | 1o En 1 ognEm) 1y
< Blefal % |STEleEd] % |{°E(sEa s Eljsdal 3 |g%F|e3a| ¥ |5 |sda
Tons. Tons. Tons. Tons. Tons. | Tons.
E632,I2l 3452 762 (1,750,165 2280.| 767 1,276,577 1647 | 775 | 554,484 547 1013 442,413| 409 | 1081 | 247,645 | 207 | 1196
. . L. nished him sufficient facts from which to deduce principles,
Description qfseve:hc:l %ﬁm:w{gﬂeﬁo& of Designing gl abandon all such attempts as futile, and will pursue the
y of a Ship. study of naval architecture in the manner in which alone
The following mechanical methods of*designing the forms it can be studied to certain advantage, that is, a8 an induc-
of midship sections, and of ships’ bodies, have been publish- tive science. His success will depend on his fitness for the
ed in different English and French works on naval archi- task.
tecture. Some of these are for forming the midship section  If all the principles which are involved in the design for
alone ; others are for deducing the successive sections for- a perfect ship were developed, and correct results could be
ward and abaft from a given midship section. Such me- obtained by calculation on every point involved, a system
thods of endeavouring to compensate for the absence of might be formed. A system might also be formed combin-
more correct principles on which to found the design of a ing all the present knowledge on the subject ; but this is
ship, were rendered necessary whenever the vessel to be far from desirable; it would necessarily be imperfect, and it
built was of too large a size to admit of being conveniently would be entailing imperfection on the future.
put up by the aid of the eye alone; and consequently al- M. Bouguer, in his Traité du Navire, gives four methods Methods
most every merchant-builder is in possession of some such which have been used for describing the midship sections for forming
empirical system, to enable him to form a design for a ship. of ships. * He observes, that in these plans the midship sec- mhip
Ol14,

Whether the ship built after the design so formed, will
prove to be possessed of good or of bad qualities, does not
generally enter into the consideration, excepting in so far
as the crude ideas of the inventor of the system may have
guided him in forming it. We say the crude ideas, be-
cause the builder whose judgment is sound enough to en-
able him to arrange facts and classify observations, and
whose experience has been extensive enough to have fur-

tions are generally formed of arcs of circles ; but that some-
times, through the ignorance of the inventors, of the fact, that
for two arcs of circles to touch each other without cutting,
their centres must be in the straight line which passes
through their point of contact, the midship sections which
they formed by these arcs had not even the advantage of
being curves, but had angles in their contour. He shows
how this error may be avoided. The first method he givea
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Mechanical s that of Le Pére Fournier. A straightline AB (fig. 11) is
1‘(‘“;2'@' of drawn, which he takes to represent the moulded breadth
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of the ship. A circle RANB, which has this line for the
diameter, is then described ; and, bisecting AB in'C, he draws
the perpendicular CD, equal to the depth intended to be
given to the vessel, which extends from the under part of
the beam to the upper side of the keel. Through the point
D he draws a line parallel to AB, and, making DG and
DH each equal to half the flat of the floor, equal also, if so
determined, to one fourth of the whole breadth, he draws
the verticals GE and HF equal to the rising of the floor.
These may be assumed equal to the twenz-fourth, the
eighteenth, or the twelfth part of GH. He then finds on
GE, produced both ways to K and S, a point M, which he
takes for the centre of an arc of a circle NE, that touches the
first circle in some point N, and the straight line EF in
E. Then with a point S assumed as a centre he describes
the arc EO, which, touching the straight line EF or the
arc NE in E, meets the side of the keel in O. He has
thus ANEO for the form of half the section, and the other
side is drawn in the same manner.

Bouguer corrects this method thus: He takes EK equal
to the radius CA of the first circle, or equal to half the
length of the beam, and having joined the points K and C
by the straight line CK, if it be bisected in L, and LM be
drawn ndicular to it, the intersection of this per-

di with EK will be the centre M of the arc NE.

or MC being equal to MK, and EK having been made
equal to AC or to NC, it is evident that MN will be equal
to ME, and consequently the arc of the circle descle-iled
from the point M as a centre, and which will through
the point E, will touch the first circle in N. metermine
the other centre S, bisect the straight line EO, and from
the point of bisection draw a perpendicular which will meet
IG produced in the point S, which will be the centre of
the arc EO. The arcs AQ and QR are described, the first
round the point I as a centre with the radius IA ; the se-
cond round any assumed centre with a radius equal to Al

Another method is for determining the midship sections
of flat-floored ships. It was invented by M. de Palmi of
Brest. A rectangle ABIL (fig. 12) is described, which has
for its breadth the breadth of beam, and for its height
the depth to the keel. At E and F, the extremities of the
flat of the floor, the perpendiculars GE and HF are drawn
equal to the rising. A line KE (fig. 13) equal to LG is
assumed, and a square described upon it; two quadrants
of circles AQE and AXE are inscribed in this square, and
either arc AXE is divided into a certain number of equal
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parts, AV, VX, XY, YZ, &c. drawing from
the points of division VO, XN, &c. n-
dicular to the radius AK. The depth of the
vessel to the rising of the floor is divided in-
to the same number of equal parts ; and trans-
ferring to level lines drawn through these last
points of division O, N, &c. the distances
0S, NR, MQ, &c. intercepted in fig. 13 be- *
tween the radius AK and the arc of the circle AQE, it
only remains to pass a curve ASRQPE, in fig. 12, through
the extremities of all the perpendiculars or ordinates OS,
NR, &c. and the form of half the first section is obtained.
ED may be formed by an arc of a circle touching the first
curve E, and joining the side of the keel at D.

A third method, given by Bouguer, is for sharp ships.

By Bou-

Form as before the rectangle ABIL (fig. 14), circumscrib- guer.

Fig. 14.
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ing the part of the section below the main breadth AB;
then the rising GE or HF of the midship-floor is taken

ual to a fifth or a sixth part of the flat of the floor GH.
The points E and F being determined, two portions of pa-
rabolas AE and BF are described, A being the vertex and
AC the axis of the one, and B the vertex and BC the axis
of the other. The flat of the floor is formed by two arcs
of circles, the convexity of the upper arc being below, and
of the lower arc above. Having drawn from the point E,
EK and EM perpendicular respectively to AL and AC,
describe from a centre in AC produced indefinitely towards
N, the semicircle MKN passing through the points K and
M. Then AN will be the parameter of the parabola, which
will serve to determine as many points in the curve as may
be desired. If it be required to find a point in the vertical
line PQ through which the curve will pass, it may be found
by describing the semicircle NOP, and drawing from the
point O, where the semicircle cuts AL, the horizontal line
0Q, the point Q, the intersection of this line with PQ, will
be a point in the la. In the same manner any num-
ber of points may be found. In order that the first arc of
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Mechanieal the circle of which the flat of the floor is formed, may not
1:}""."“!' ofmake an mﬁle with the parabols, it is necessary that its
fﬁﬁ:‘:’:‘ centre should be situated in some point S of the perpendi-
cular to the parabola ER. To draw this perpendicular, the
sub-normal must be made equal to half the parameter AN.
Methods These methods are sufficient to show the nature of the
for forming mechanical systems of drawing the midship sections. We
the body.  will procecd to give some og the mechanical systems of
forming the sections of the fore and after bodies of ships.
This operation affords a greater scope for ingenuity than
the formation of the midship sectiouns, and consequently the
methods proposed have been much more numerous. The
principal lines used in the construction of ships’ bodies by
these methods are the main breadth-lines, the top breadth-
lines, and the rising and breadth-lines of the floors. These
lines are shown in two planes, a longitudinal vertical plane,
and a longitudinal horizontal plane. The rising of the main
breadth-line shows the projection on the longitudinal ver-
tical plane of the heights above the upper side of the keel,
at which are the greatest breadths of the different vertical
sections fore and aft; and the horizontal main breadth-line
shows the corresponding distances from the middle line of
the ship at the respective sections. The rising of the top
brenddg-line, and the horizontal top breadth-line, show in the
same manner the heights from the upper side of the keel,
and the horizontal distances from the middle line of the
ship, of the different vertical sections at the top breadth of
the timbers. At these heights, and at these distances from
the middle line, arcs of circles are generally described,
which give the form of parts of the vertical sections, or of
the frames of the ship. The rising line of the floors gives
in the same manner the heights above the upper side of
the keel, and the horizontal breadth-line of the floors gives
the distances from the middle line at which the floor-sweeps
commence.

One of the oldest methods of forming a ship’s body is
that which is called  whole moulding.” It is a method of
constructing the square body, that is, all the body except
the fore and after extremities of a vessel, where the planes
of the frames are placed obliquely to the middle line, by
means of two mourds; the upper one giving the form of
the timbers above the rising line, and the lower one (called
the « floor-hollow”) giving the form of the timbers from the
rising line to the keel. The midship section is first formed,
usually by arcs of circles; and at the height of the rising
line in this section a horizontal tangent is drawn to this
curve. In order that this tangent may be horizontal, the
centre of the arc, forming the lower part of the curve, must
be in a vertical line passing through the point at which the
tangent is drawn. The lower part is formed by a sweep
which reconciles with the upper curve. Usually this sweep
does not correctly touch the upper curve, although the in-
accuracy is not very important in this method of construc-
tion. In forming the body-plan, the heights of the main
breadth and rising lines at the different frames are set off,
and the different sections drawn by the two moulds. On
the horizontal part of the upper mould ABC (fig. 15) are

. marked the half main breadths of the different sections, as
shown at C, and on the upper part of the mould their
heights, as at A ; the lower mould DEF is also marked
where it meets the side of the keel at the different sections.

In moulding any timber, a square, called the rising square,
with the heights of the different risings of the timbers mark-
ed on it, is used, by which the moulds are set according to
the particular timber the form of which it is intended to
obtain. On this square are alto frequently marked the
heights of the cutting down, by which the form of the in-
side of the timber is obtained at the same time. The ope-
ration of moulding a timber may be best seen by reference
to the figure, where the moulds and rising square are set
for moulding the lower futtock. No. 8. :

‘Whole
moulding.
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In Duhamel’s Elémens de P Architecture Navale, there Method by
is a French method, nearly resembling this, of % whole Dubawe..
moulding.”

In Mungo Murray’s Treatise on Ship-building, a method By Mungo
is given for forming a ship’s body by the use of the sector, Murrs).
This instrument is formed of two scales connected by a
hinge, so as to open and shut like a common rule. Seven
lines are drawn on each leg of the sector from its centre,
divided at numerous points, indicating lengths which refer
to differents elements of the body. The marks on the cor-
responding lines on the two legs of the sector refer to the
same distances.

The lines on one side of the sector are divided for the
fore-body, and on the other for the after-body. The man-
ner of using these lines is thus described. ¢ The general
dimensions being determined, and a scale adapted to the
drawing, take the half breadth with a pair of com and
placing one foot in the proper point for the half breadth of
the midship section, which is shown on one of the lines,
open the sector till the other foot reaches to the same point
in the corresponding line on the other leg.”

The sector being thus set, the different distances are
taken by the compasses from the corresponding points mark-
ed on the corresponding lines, and set off in the different
plans.

It is immediately evident that, by the use of the sector as
described, all ships constructed by it would be similar to
that according to which the distances were marked on these
lines. Ifit is required to form a fuller or a sharper body than .
that by which the lines of the sector were divided, the mid-
ship section, with the foremost and aftermost sections, must
be determined agreeably to the will of the constructor ; and
the intermediate sections will be determined on the diago-
nals by setting the sector separately for each diagonal, and
then taking the distances from the lines as before for the
formation of the different plans in the drawing.

The next method of constructing ships’ bofiea which we By Bou.
shall give is described by Bouguer; the diagonals in this guer.
method are formed of arcs of ellipses. The midship sec-
tion is formed at will, and the extreme sections, forward
and abaft, are formed in an arbitrary relation to the mid-
ship section. To form the after-body by this method, let
ABC (fig 16) represent the midship section, FED the
after section, and BE the projection of one of the diagonals.
Describe the arc of a circle BA (fig. 17) whose radius is
equal to three times the line BE (fig. 16), and whose versed
sine BC is equal to BE. Divide the sine AC into any
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number of equal parts, according to the number of inter-
mediate timbers it is intended to draw. From these points
of division draw the lines DI, EK, &ec. perpendi to
AC ; and from the points where these lines intersect the
arc of the circle draw I5, K4, &c. parallel to AC. Trans-
fer the line BC, so divided at 1, 2, &c. to BE, in fig. 16,
which will give points in which the intermediate sections
will cut the diagonal BE. The other ei:(fonals are divided
similarly by taking any point O in AC produced (fig. 17), and
joining OB, OI, &c. and placing the projection of any dia-
gonal as PQ parallel to BC, and with its extreme points in
OB and OC. Some constructors prefer dividing each dia-

gonal separately, by describing arcs of circles BA with dif- -

ferent radii; others, instead of dividing the sine AC into
equal parts, divide the arc AB into equal parts, and then
proceed as before.

The fore-body is formed by nearly the same means, but
is always made fuller than the after-body. Let Abc (fig.
16) represent the midship section, and Aed the extreme
section forward ; produce the projection of the diagonal de
to meet the middle line of the body-plan in f. Describe
the quadrant of a circle
BA (fig. 18) with a ra-
dius equal to fb (fig. 16), ,
and draw th{bsimga DC ?
equal to fe, and parallel |
to FB. From a point E
in FA produced, describe .
an arc of a circle, with a l

|
i

Fig. 18.
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radius equal to once and
a half or twice FB, ac-
cording as it is intended

to make the fore-body »- oA ¥
fuller or sharper, meeting \: !
CD produced in G. Di- | /

vide the arc FG into as
many equal parts as it is /
required to find spots on /
the diagonal be, for the in- /
;._rermediate sections ; and N /I
om the points of divi- /
sion H, I, &c., draw HM, \n\ /'
aud draw P1, 02, &c. pa- @

IN, &c. parallel to BF ;
rallel to FA. Then transfer BF, so divided, at 1, 2, &c. to

Bf in the body-plan, which will give points in which the Mechanical
intermediate sections will cut the diagonal 5. Instead of hz‘“.”d.""

divide the sine DG into equal parts, and, by drawing lines wm —~r

dividing the arc FG into equal parts, some constructors
parallel to FD from these points of division, determine the
points of division of the arc FG, and then proceed as be-
fore. Instcad of making similar figures for other diagonals,
they are frequently divided proportionally to fb.

Bouguer proceeds to show the method of completing the
diagonals before and abaft the extreme sections.

One of the easiest methods of constructing ships’ bodies, is
by means of an equilateral triangle, and is described by Du-
hamel in his Elémens de U Archi Navale. To con-
struct the triangle for the after-body, draw any line AB
(fig. 19), and divide it at
the points 1, 2, 3, &c. so
that the distance from 1
to 2 may be three times
the distance Al, taken
at pleasure, the distance
from 2 to 8 five times Al,
and so on ; the number of
points of division corre-
sponding to the number of
intermediate sections be-
tween the midship sec-
tion and the stern- to-
gether with the after-sec-
tion at the stern-post.
Suppose the number of
intermediate sections to *
be 7, let the distance from
7 to B be at least equal to the distance between the ver-
tical sections on the plan of elevation. Describe on AB
the equilateral triangle ABC, and join Cl, C2, C8, &c.
The use of this triangle is to divide the projection of the
ding:mals in the body-plan proportionally to the divisions
of the base of the triangle AB.

In the plan of elevation, or sheer plan, take the distance
between any two of the vertical sections, and place DE, the
line representing this distance, lel to AB, and so that
its extremities may be in the lines C7 and CB. Produce
DE to F, and fake the horizontal distance from the inter-
section of the projection of the diagonal with the vertical
section 7, to where the projection of the diagonal meets
the projection of the after fashion-piece ; and place this
distance DG on DF, keeping one of its extremities in D ;
then join CG, and produce it to meet the base AB pro-
duced in H. Take the projection of this diagonal in the
body-plan IK (fig. 20) Kom.the ’
midshig;ection LIM to the fashion-
piece NKO, and place it in the
triangle parallel to the base AB,
and with its extremities i and &
in CA and CH ; the lines C1, C2,
C8, &c. will divide the line ik pro-
portionally to the divisions of the |
base of the triangle AB. Transfer
this line so divided to its place in \
the body-plan: the points 1, 2, 38,

&c. will give spots t{:ough which

the intermediate vertical sections |\ 5
will pass. \ ;’:'

Some who have used this me- | & ™
thod of forming ships’ bodies ' \‘
placed the projections of all the - — .
diagonals parallel to the base of the triangle ; others placed
them at different angles with the base. Duhamel recom-
mends their being placed as follows. The projection of the

lower diagonal representing the floor ribband parallel to the
base ; the projection of the second diagonal at an angle of

Fig. 19.

Fig. 20.
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60° 80 with that part of the side of the triangle above the
projection of the diagonal; the third at an angle of 68°;
the fourth at an angle of 86°; the fifth at an angle of 65°;
and the projection of the sixth or top-breadth ribband at
an angle of 600,

To construct the fore-body, a nearly similar process is
adopted ; but the base of the triangle is differently divided,—
generally in a %lelometﬁcal progreuion whose common mul-
tiplier is 2. e divisions of the bases of the triangles,
however, are altogether arbitrary, as well as the angles of
inclination at which the projections of the diagonals are
placed, for both the fore and after bodies.

These are some of the most esteemed mechanical me-
thods of constructing the midship sections of ships, and the
fore and after bodies in relation to them. The inspection
of them already shows that there is no attempt to describe
a form which is proved to possess any property conducive
to the good qualities of a ship. In forming a midship sec-
tion by arcs of circles, it has been said that this figure has
been chosen because a circle contains the tﬁrexneat area un-
der the least periphery. Supposing even that this principle
were introduced into the form of a midship section, which
is, however, frequently destroyed by the use of several arcs
of circles, it by no means establishes the propriety of using
the arcs of circles in the construction of the form of a mid-
ship section, because it would first be necessary to show
that it would be a good property for a midship section to

contain the greatest area under the least periphery. In

fact, the principles of naval architecture require a contrary
ractice ; a flatness is requisite in some parts of this section
instead of rotundity, to give lateral resistance, great stabili-

.ty under a given area, and fine water-lines. The use of the

ellipse is equally arbitrary. Little can be said in favour of
eit}?::of et.(l:l)e myethods of designing bodies which we have
described, nor need any thing be urged against them: it will
evidently be perceived, that they are the resources of per-
sons who are called upon to give designs of ships, and who,
being ignorant of any correct data on which to form their
design, are necessitated to adopt some such system of con-
struction that they may desig:ate as their theory. Inno case
do we find that those who have published systems such as
the foregoing, attempt to prove that ships built after these
systems are in consequence good ships ; the utmost assump-
tion appears to be, that by proceeding with a drawing after
the course laid down, the result will be the design for the
body of a ship. All such methods are to be deprecated, as
being mere empirical substitutes for knowledge, and be-
cause they not only oppose & barrier to legitimate attempts
towards improvement, but they actually prevent the appli-
cation of such knowledge to the designing of ships’ bodics,
as may really be possessed. If we look upon systems for
tracing these curves merely as aids to the well-informed
naval architect in the formation of his drawing, they cease
to be objectionable, and become mere mechanical means in
his hands, which he can use or vary at pleasure, for the
purpose of facilitating the mechanical operations incidental
to the designing of a ship. They are also necessarily in-
troduced into this article, as forming an essential feature in

ive improvement of naval architecture. Me-
methods ofP constructing designs for bodies followed,
no doubt, immediately upon the method of constructing them
merely by the aid of the eye, and they continue to be very
generally used in the merchant-service, and may, no doubt,
be reckoned among the causes which have operated go in-
juriously to the interests of our mercantile navy.

Chapman's Ezponential and Parabolic Systems of Con-
struction.
These were described In the last work of the celebrated

Swedish naval architect Chapman ; it was published in 1806.
The parabolic system must be classed in this division of

the pro
chani

“shall devete some s

59

our subject, as among the mechanical methods of designing Chapman's
the forms of ships, though it is so incomparably beyond all Parabolic
those plans which we have previously J‘:scﬁbed, that we _System.
to a detailed description of it. The ¢y, " "
Swedish work, until translated by the late Mr Morgan, & work trans-
member of the School of Naval Architecture, in the Pa-lated in
pers on Naval Architecture, was only known to English Papers
ship-builders as Chapman’s “ large.work ;” a name acquired c’:?"‘
in consequence of a large folio of plates that accom- tu';.e.““'
panies the letter-press, which is in comparison not very
voluminous.

From this translation, and from a paper on the same
work by a Swedish naval engineer, Captain Carlsund, un-
fortunately for the science of naval itecture, also dead,
we shall give a synopsis of the system of construction at
present adopted by the northern powers of Europe.

Chapman commences his investigation by assuming a Criterion
case, which he presumes may be taken as a criterion of the of the qua-
qualities of shi This case is an engagement between it of
hostile fleets. These he supposes to be ranged in lines pa-
rallel to and within gunshot of each other, and also in such
a direction with respect to the wind that they lie within
six points of it, each succeeding ship sailing in the wake of
the ship a-head, about fifty fathoms apart, in a stiff top-sail
breeze, and under the three top-sails, top-gallant sails, fore-
topmast stay-sail, jib, and driver. They are supposed, when
under these circumstances, not to incline more than seven
degrees, and must be capable of fighting their leeward lower-
deck guns with a heavy sea running; be good sailers, and
work well to windward ; so that aithough the ships may be of
different sizes, and different weights of metal, yet, in
equally high winds, and under similar sail, their angles of
inclination being nearly the same, their guns may be worked
with equal convenience, they may be all equally efficient in
point of velocity, and under all circumstances manceuvre
with equal facility. Chapman then says, of two hostile
fleets op) to each other, the fleet which is composed
of the stiffest and best-sailing ships is master of the attack,
and can begin and end it at pleasure. But that, as the ope-
rations of many such ships together, although of different
sizes, should at once produce the same effect as if they con-
stituted but one machine, it is necessary that they should
keep in company, and be effective in proportion to their
size. As they must sail equally well, the area of their sails
must be proportional to the resistance they experience from
the water ; and as all the guns must be and worked
with like advantage, their inclination must be nearly the
same, so that the form of the ships below the water will be
in some degree adapted to the same area of sails ; hence it Ships and
is found, that when a shir of the line is to be constructed, sails to be
the body of the ship and the sails are to be considered uw"':g:"“d
constituting the ship. Chapman peints out the difficulties to8°ther-
which oppose themselves to the designing bodies which are
thus to act together, beyond those which present themselves
in the case of designing ships intended to sail and act
singly ; and he observes, that although all the rules of art
may be attended to in the design of a ship, it may happen
that she will not behave well, and this for the following
rcasons: If the sails are badly cut and made, so that the
wind is prevented from producing its full effect on them, by
which not enly the sailing close-hauled is injured, but also,
the facility of working, and consequently of manceuvring,
is diminished ; also, that the behaviour of a ship under sail
may be very much deteriorated as regards her weatherly
qualities, and her ease and quickness of working, if all the
sails are not set advan usly, both in respect to the di-
rection of the wind, and also of the ship’s course. And, Trim ofa
again, it is absolutely necessary that great attention should ship.
be paid to the trim of the ship, and to the adjustment of the
positions of the masts, which have a great effect on a ship’s
qualities. Such, he says, are the reasons why it so frequent-
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Chapman’s ly happens, that a ship may in one voyage possess very bad, man designed the after-bodies of his ships in accordance Chapman's
]:mhhc and in another very good qualities, or at one time be a very with this result. b Ps‘““’“"‘
System. 1,44 sailer, and at another a very good sailer. In order to form general rules, according to the exponen- _>Y*“"

The natural inference from this is, that although the form tial system, for deducing the length and the breadth from Geperyl
of a ship should be that which is the best adapted for all the displacement, he proceeded in the following manner. rule for
that may be necessary to the service for which she is in- The greatest breadth at the water-line for all line-of-battle length and
tended, it by no means follows that such a ship shall realize ships is called B; and the length of the “ construction bresdth.
the intentions of her constructor, unless she be equipped water-line,” which term will be afterwards explained, is
and commanded by persons equal to the task of properly called /. Then, he says,  designs of two classes of ships
developing her qualities. composing the line-of-battle were constructed with great

Economy  He then proves that, by assuming the load displacements, care, and the following table formed.”
]‘:’rh":%i the crew and provisions as the expense, and the weight of
mgehe"‘;,’ a round of shot as the effect, that 1t is the greatest economy 110 94 66
metal.  to have large ships and heavy metal. Repeating the ob- ,
servation already made, that all ships forming a line-of- ?;’Pl‘g‘";‘e"" Devtrrcvers ve = 125028.&753 112::%‘75 f‘zz
battle, although of different sizes, must act as parts of the Br:agc;tl; oo : 5;,,.7 53:32 18-46
same machine, and must %t‘m uefntly have the same qua- LA -
lities, which cannot be effected if the ships be similar, it 1, g, ding the length ¢ from the displacement for all shi
f‘:.““’s that the n;lles :;’y w};:ﬂi they are designed must be ¢ ipe ine, ghe shipsg;:“ ninety-four m?d sixty-six guns ha\'r:
of such a nature that they shall be capable of giving similar peen, ysed. Put therefore 128297 = D, and 88722 = D),
, quelities to dissimiler ships. also 196:65 = | and 175:48 =, where it will be seen that
Displsce- ~ He says the displacement is dependent wholly on the . Roman characters are used for the larger ship, and the
ment de- total weight of the armament, and then considers the va- [.1:io for the smaller. Then from the fore ing reason-
pendenton rigug jtems making up the total displacement. It consists ing the followin roortion is deduced th“go
urmament. ¢ the weight of the armament, and of every thing connect- 5 g [b'pOD' 2:1:4+ hence
ed with it; then the weight of the ballast, which is in pro- T l.o 1—log. 1
. . g. 1 —log.
Ballast.  portion to the armament. Ballast, he says, is necessary for the exponent v = log. D—log. D

a ship of the line, in order to preserve its qualities at the
end of a long voyage, when the greater part of the provi-
sions and ammunition will have been consumed. Also, as

__log. 196:65 — log. 17548
~ log. 128247 —log. 88722

these weights are so considerable that the ship may be 196-65....... cesoonsivase 2-29369'{0 128297...... «..5°1082165
lightened to such an extent that her centre of gravity may 17548.ccciveeccnnennes 2:2442276 88722......... 49480313
not only rise a foot higher above the water from this dimi- —_—
nished immersion than it was at the commencement of the 0-0494664 0-1601852
cruise, but will rise so much the more from the influence 0-0494664 _  0nee — »

this diminution of the weights in the hold will have in ele-
vating its position, the stability is also necessarily diminish-
ed. It is therefore proper, in order that this loss of stabi-
lity may not be too great, to have such a quantity of bal-
last that the remaining weight in the hold may not be too
little in relation’ to the constant weight above the water.
And also, he says that the consideration that a ship neces-
sarily lightens f{'om the consumption of stores, renders it
necessary that all the calculations which relate to her sia-
bility should be made in relation to a water-line, assumed
as that which she would have after the expiration of about
a quarter of the cruise; and it should be from this water-
line that the masts, &c. should be determined.

The next component of the displacement consists of the
provisions, which are in proportion to the crew, and there-
fore to the armament ; and, lastly, the ship, with her masts,
yards, rigging, anchors, cables, fitting, &c. &c.

Lengthand Having determined the displacement required for the ar-
breadth. mament, the next considerations are the length and breadth.

These have hitherto been determined by the number of
ports, the space between them, and the space forward and
aft; but they should be determined from the displacement,
for the product of the number of guns into their weight

0.1601852 —
2:2936940
51082165X%0-3088 =1-5774172

0-7162768...5:2033 = the co-efficient.

2:2442276
49480818 0-3088 =1:5279520...5:2088 = the co-efficient.
Thus the length { = 52083 DO jg obtained for all

the line-of-battle ships.

To find the breadth B from the length I for three-decked
ships the same method is used. Thus, the exponent for
and 94 ghios, © = log. 5627 — log. 53-32
110 and 94 gun ships v = 15050759 — log. 19665
= 0:9947; and as the co-efficient is found to be a divisor
= $:5863, the breadth B for all three-decked ships of the

" 1 0947
€= 35863

To find the breadth B from the length [ for two-decked
shi The exponent v of ships of 94 and 66 guns,
__log. 5382 —log. 4846 . oy
= Jog. 19665 —log, 17548 — 0 0501 5 and a8 the co-eff
cient is a divisor = 1:5767, the breadth B for all two-deck-

determines the displacement, therefore the displacement . . 708391 . .

determines the length. If the length resulting from this ed ships of the line = == ; according to which the fol-

be considered too great for the number of ports, it is be- | 0. 0 toble is calculated.

cause the sum-total of the weights of the guns being given g

and constant, it follows that if each gun be of greater weight 1o | 94 | 80 | 74 | e | o2

of metal, the number is smaller ; and if each gun be of less ,

weight of metal, the number is larger ; but the length of | pisplacement, D =152875/128297(107400| 96422 | 88722 | 66753

the ship is nevertheless the same. Length, b...covues «.=={ 207-59| 196-65| 186+15/180-05 |175°48 16072
Resistance. It appears that, from experiments made in Sweden in the | Breadth, B......... =| 6627 6332 50-92| 49-51 | 48-46| 45-01

year 1794, it was determined that the effect of the water
on the after-end of a body, in opposing its progress, is a mi-
nimum when the surface 'of the body makes an angle of
18° 17 with its middle line, and that consequently Chap-

Having explained the method of determining the prin-
cipal dimensions, we shall refer for a description of the pa-
rabolic system of construction to the paper we have already
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Chapman’s mentioned as i'laving been written by a Swedish naval en- g; put mk =/, ng = z”, bm =g/, and &n = y”; then, sub-Chapman’s
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P, g’:&"ul‘ic gineer, Captain, then Lieutenant Carslund. It says, stituting these values in the equation to the parabola, we Pé‘::::}“‘
ystem. Chapman endeavoured to discover whether or not the have ——
Whether 8reas of the several transverse sections in well-constructed y" = az, and y™ = a2’

sections of ships followed any law ; and if so, to find that law. For

ships fol-
low a ge-
w.

Curve of
sections.

To con-
struct the
curve of
sections.

this purpose he calculated the areas of the sections of se-
veral ships ; and in order to make the numbers more conve-
nient, he divided these areas by the breadth of the midship
section ; then, at their resgective stations on the drawing,
setting off from the water-line, distances equal to the quo-
tients, he traced a curve representing the areas. This
curve he called the curve of sections. He then endeavour-
ed to find the equation to the curve, or rather that of ano-
ther curve which would coincide with this for the greatest
length ; and he found, that if the power and parameter of a
parabola were so determined as to allow that curve to pass
through three given points of the curve of sections, the two
curves would nearly coincide. In the fore-body the three
points were taken ; one forward, one at the midship section,
and one midway between. In the after-body the points
were similarly situated. In some ships the exponent to the
curve was higher in the after-body than in the fore-body,
in some it was the same for both. It was also found that
there were ships in which the curve of sections almost ex-
actly agreed with the parabola, and these ships invariably
bore excellent characters. Chapman consequently con-
cluded, that if the areas of the several sections of a ship
were made to follow the law of the abscissas of a parabola,
a vessel possessing good sailing qualities might be formed,
and the process of construction much simplified.

This account shows that the method is applicable to all
sorts of constructions, as it only requires that the relative
areas of the sections shall decrease from the midship sec-
tion towards the extremities in a" certain relation, which
can be varied to infinity; it is therefore equally useful in
constructing the sharpest man-of-war a3 the fullest mer-
chant-man.

Sup) a ship is found to answer well at some given
water-m AC (fig. 21). Let the areas of the transverse

Fig. 21.
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vertical sections be divided by some constant quantity, as,
for instance, the breadth; and suppose the distances ab,
cd, &c. equal to the quotients, to be set off on the respec-
tive sections from the water-line; then a curve drawn
through the points b, d, &c. will be the curve of sections.
It will be found to be convex to the water-line at the ex-
tremities.

The order of the parabola which coincides for the great-
est distance with this line may easily be found.

Tofindthe Let the general equation to the parabola be expressed

assimilat-
ing para-
bola.

by y* = az ; then it is always possible to determine n and
a, so0 that the parabola shall pass through two points besides
the vertex. Any two points between b and C may be taken,
but it is evident that the farther apart the three points are
taken, the longer will the la coincide with the line of
sections. Of course, neither' point may be in the convex
part of the line of sections. It will be found that the point
g at the foremost frame, and % in the middle between g and
b, are the points which should be taken.

Draw a tangent to the curve at the point 5, which will
be parallel to the water-line ; then mhA and ng are abscissas,
bm and bn ordinates to a parallel passing through b, 4, and

or nlog. y = log. a 4 log. #, and
nlog.y’ =log. a 4 log.2";
log. 2’ —log. 2”
log.y —log. y*

”n
a="=

hence n =

="

log. 2/ * log. y’ — log. 2" - log.y’

and log.a = .
8- 4 log.y —log.y”

We have now the values of # and z, and by calculating
several other abscissas, we can trace the parabolic curve.
The same operation applied to the after-body will give
the exponent and parameter of the parabola, which is the
most similar to the curve of sections in that body.

It generally happens that the exponents are nearly the
same in both bodies, if the place of the midship section be
determined in the manner to be shown in the sequel

It will be found that the parabola and the line of sections
very nearly coincide, the former being sometimes a little
within the latter between g and 4, and without at the fore-
side of A, and sometimes, but much more seldom, the con-
trary. The parabola always cuts the water-line at a short
distance from the rabbets, this distance being rather great-
er forward than abaft.

Several American ships of war have been submitted to This sys-
this method of investigation, which was found to answer temapplied
very well with their bodies. Indeed there can be no great t0 Ameri-

deviation, as the parabola varies according to its exponent
and parameter ; if the ship is full, a large exponent adapts
it to that shape ; and if the ship is lean, a small one. If
the body has a long straight of breadth, and sharpens quick-
ly at the extremities, by deducting a part in midships from
the comparison, the system may still be applied; or if, as
is the case generally with English merchant-ships, there is
a very great draught of water in proportion to the breadth,
by deducting a part from the water-line downwards, this
method may be applied to the remainder.

From this reasoning, it appears that ships may be con-
structed to coincide exactly with the parabolic line, with-
out deviating from the forms which experience has proved
to be the most conducive to giving ships good qualities.
Chapman stated that this would most probably be superior
to the old system, and the result has confirmed his state-
ment ; for ships of the line, frigates, and merchant-men have
been constructed after it, all of which have been very fine
vessels.

can

ships.

From the manner in which the curve of sections is form- Djsplace-
ed, it follows that its area multiplied by the breadth is equal ment.

to the displacement, and that the centre of gravity of the
area is in the same transverse section as the centre of gra-
vity of the body; but the area of this curve, supposing it
to be a parabola of a certain power, is a known part of the
rectangle formed by the greatest ordinate and the abscissa ;
hence, by making the areas of the sections decrease in the
ratio of the abscissas in the parabola, we obtain certain
equations between the 1uantities. To find these equa-
0

tions, suppose the parabolic line, now also representing the
line of sections, to be ACB (fig. 22), cutting the water-
Fig. 22.
A x’ ¥ o o’ B
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Chapman’s line at some distance from both rabbets ; let C be the place
Parubolic of the midship section, and DC the greatest abscissa. Put

System. AB = land DC = d, let the exponent of the la be-
fore and abaft = n, and the displacement = D ; then the
. area of the paraboliclineBDACB:n:_ i i+ d, and the
displacement o;:-_l {-d* B (B representing the breadth) ;
but dB = area of the midship section; hence ”_:__.l. i

(area of midship section) = D............ (n.
Midship Let E be the middle point of the water-line AB, which
;e::m'! dlg; we may call the construction water-line, F the place of the
of length. centre of gravity in point of length; let ED, the distance

the midship section is before the middle of the water-line,
=k, and EF, the distance the centre of gravity is before
the middle, = a. We will now determine the place of the

midship section in reference to the situation of the centre
of gravity F.

As BCD represents the displacement of the fore-body,
and CDA that of the after-] , the moments of these two

parts will give the common moment.
The centre of gravity of the parabolic area is at a dis-
tance from the abscissa DC
= é% X the ordinate DB,
and for the parabolic area DCA it
t+1 pa.

2n 44
The moment of DCB from the point E
= n+1 pg).
= (k + 5y DB) DCB,
and the moment of DCA from the same point
=(2tl.
= (2 = DA—4)DCA. -

But the areas DCB and DCA are proportional to DB and
DA, and the sum of the above moments = EF - BCA, or
a1, l representing the area; hence

— n4 1 n41 .
al ._(k + 2”+4DB)DB—(§m DA._k)DA
1
= _2"—_”':_ ; (DA*—DB?) 4 & (DB 4 DA)

- =2+ pa_ .
=(DA 4 DB) ( 5oty (DA DB)+k),
but DA — DB = 2k, and DA 4 DB =; hence

al:lk'(l—-: I ;),
1

n42

ork=a'(n 4 2)eeen.e. ee(2).
That is, if the midship section DC is placed at such a dis-
tance % from the middle point of the construction water-
line, the centre of gravity will be in the point F assigned
to it.

These two ions (1 and 2) form the principal foun-
dation of theeqlmpanbolic method of oonstrugtion.pdln the
first equation, any quantity may be known by assigning
values to the others; and in the second, by fixing a value
for the distance of the centre of gravity before the middle,
the place of the midship section will be known. Then,
having by the first equation found the exponent of the pa-
rabola, any abecissa GH or KL may be calculated. Sup-
pose, for instance, GH to be required; then in the first
assigned equation y* = az, » is known ; also y and z are

a=kh:

SHIP-BUILDING.

known for a certain point B, through which the parabola Chapman’s

gsses; the value of y for this point is DB, and of z is Earabolie
C. This gives ystem.
DB —

~ DC

= (by cutting DB =f )'%.(8)

Now GH is easily determined in the above equation, by
assigning a value to CG; if CG or any other ordinate is
expressed by /, the corresponding abscissa GH = 2" is de-
termined by the equation

This equation is sufficient for calculating the areas of all
the sections for the fore-body ; and for those of the after-
body we have the equation (8), in which, by substitut-
ing f for DA, we get the value of the parameter o of
the parabola of the after-body; and substituting this value
for a in equation (4), and giving to ¥ any value CK, a
corresponding abscissa LK is obtained. And in the same
manner as many may be found as may be thought proper.

It is evident that GH and LK must be subtrac ml

the largest ordinate DC, to give G’H and K'L, which re-

present the areas of the corr ding sections.

This method of first calculating the abscissas, and then
subtracting them, may ap indirect, as the true lines
G'H and K'L could have been obtained at once by trans-
forming the equation of the parabolic line to another, be-
ginning at the point D; but it would then have lost its
simplicity, and the calculations would not have been easier
than by this method. One thing may, however, be done,
which is to substitute the area of the midship section in-
stead of its quotient by the breadth, by which the whole
areas of the other sections will be obtained, instead of the
lines which represent them. .

The princirles of the parabolic method being now ex-
plained, it will be easily seen how very useful its applica-
tion is to the comparison of all ships, whether they were
constructed with or without reference to it.

By referring to equation (1), we find that the displace- Exponent
ment, area of midship section, and the construction water-of the line
line, being known, the exponent of a parabola that coincides °f sections
most nearly with the line of sections is easily found ; and we
shall have (putting M for the midship section) the value of

D

n= IM—__D........(G).

This value of » shows the degree of fulness of the ship.

The lic method may also be applied to show the
relative fulness of the midship section, of any of the water-
lines, of the displacement with respect to the water-line,
and of several other elements.

Let ABC (fig. 23) represent a midship section, and let Exponent
EF be a tangent to the curve of midship
at the point of contrary flex- section.
ure C; the small area ECD
not being of any importance,
max‘hbe neglected. If the
midship section is at all si-
milar to those usually given
to ships, a parabola may be
assigned which shall gass
through the: points B and C,
and have nearly the same
area with the midship sec-
tion, and also nearly coin- _E 7
cide with the curve, so that
the exponent will afford means

Fig. 28.

of ascertaining its relative fulness.
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Chapman’s  Call the breadth of the water-line AB = }B, the depth
ep

3 qrabolic  AE = A, and the area ABE = }M, and let m be the ex-

7% ponent of a parabola having the same area; then

E t n . A=

o B w1 8 A=i

ship sec- iM M

tion, and m = by 7yt = B M «ee(8).

In the same manner, the exponent may be found for the
water-line, by supposing a parabola with its vertex as the
greatest breadth, and passing through the points in which
the water-line cuts the middle line. Suppose the exponent
of this parabola = r, the length on the water-line = L, and,
as before, the breadth = B ; also let the area of the water-
line = W; then

r
v rpr A=W
ter-section. w

and r = m.-ouoo!oo(s)o

Lastly, suppose the areas of the several water-lines, from

- the lom{water-line downwards, to decrease in the propor-

tion of the abscissas to a parabola; and let the exponent

= s, the depth from the water-line to the tangent of the

midship section = &, the displacement = D, and the area
of the water-line = W ; then

s

E t *Wh=D
of the dis- i1 '
placement. D

and s =

W — D(7)

By calculating these different e?onents for ;hoT already
built, and which have been found to possess good qualities,
a very correct idea of their shape will be obtained, which,
in making new constructions, may be referred to ; and after
a very short practice the constructor will be enabled to de-
termine, not only the principal dimensions, but the outlines
of the body, before a drawing is begun. .

Valuesof A collection of such calculations was begun by Chap-

these seve-man, and has since his time been considerably augmented.

n"eln::pc" We now therefore know what the value of the exponents
ought to be in the different classes of ships, for the services
to which they are destined. It is always found that large
ships are fuller than small ones, and in consequence have
larger nents; and that merchant-men have larger ex-
ponents than men-of-war of equal size.

The nent of the line of sections in the Swedish navy,
in ships of the line, varies from 2-5 to 27 ; of the midship
section, from 5 to 8'8 ; of the water-line, from 66 to 59 ;
and of the displacement, from 2:2 to 1-8; of course the
larger exponent belongs to the larger class of ships.

In frigates, sloops, and brigs, they are smaller; the ex-
ponent of the line of sections varies from 2:8 to 2'1; of the
midship section, from 3 to 1°9; of the water-line, from 5-2
to 3:25 ; and of the displacement, from 1-6 to 1:25. These
exponents show that small ships have much larger dimen-
sions in proportion to their displacements than large ones.

The above results were obtained from the displacements
and breadths, not including the plank; and the length is
that of the construction water-line, which, in Swedish ships,
is & th less than the whole water-line between the rabbets,
}:Ut s of which deduction is made from forward, and f;ths

om aft. In finding the nent for the water-line, its
whole length between the rabbets is taken.

These calculations are equally-applicable with the plank
on as with it off ; in the first-mentioned case, the sections
near the extremities will have, relatively to the midship
section, a larger area, and there will therefore be scarcely
any hollow at the ends of the curves, and it will not be im-

to take the length of the water-line the whole length
tween the rabbets.

A3

The following tables are given as an illustration of this Chapmans
method, in its application to English ships. Parabolio

System.
Depth from|
Lena:.h the Water-| Displace- | Area of | Area of
on the | Breadth, | line to the | ment, in- {the Load| the Mid-
Water- | extreme. |lower icluding the| Water- |ship Sec-
line. lof the P! . section. tion.
bet.
Feet. | Peet. Feet. | Cub. Fect. |Sq. Feet. | Sq. Feet.
Nelson.....| 2033 | 535 235 | 165182 | 10027 | 1099
Bulwark...| 180-3 | 490 198 | 105584 | 7706 | 791
Endymion| 1570 ! 419 160 55807 | 5656 | 510
Then from the equations (a), (5), (6), and (7), the fol-
lowing results may be obtained :—
Valueofw, | Value of m, | Valueofr, | Valueofs, Application
the Exponent | the Exp the E t the Exp of the sys-
ofthe Line | ofthe Mid- |of the Water-| of the Dis- {tem to ng=
of Sections. |ship Sections. line. placement. lish shipa.
Nelson.......... 2:836 6-9447 11-8034 2:3445
Bulwark........ 2851 4-4141 6-8273 2-2538
Endymion...... 2-300 3-1795 51235 1-6088

From this table of exponents we may judge with cer-
tainty of the shape of the vessels. The Nelson, for instance,
has a very full midship section, and an exceedingly full
water-line ; but she is not relatively so full towards the ex-
tremities as the Bulwark, and her displacement is not re-
latively much fuller than that of the Bulwark. The Bul-
wark has a small midship section, is full towards the ex-
tremities, and has a very | water-section in proportion
to her displacement. rl%leul%ﬁdymion is a very sharp ship
of her class, has a small midship section, is rather clean to-
wards the extremities, but her water-line is not very sharp;
its proportion to her displacement is very large.

e four exponents which have been described will, se-

y, only show the degrees of fulness in one direction ;

ut they may be combined in such a manner as to express
at the same time the longitudinal and transversal fulness;
to effect which the value of the area of the midship section

= mL-l-l - Bk must be substituted in equation (1), which
gives :
n m .
rariy e | B h=D......... ®);
also, by substituting the value of W = r—; i BL in
equation (7), we have
r s
;‘T—l m LB h_ D....cecee (c).
) n m r 3
Intheseequatlonstbeproducts”+l Al sl sl

show the felative fulness of the different ships in compari-
son to the circumscribing elopiped. en the con-
struction water-line is equal to the whole water-line, as was
supposed in calculating the foregoing table,

n m _ r s

nd4l m4lTr4l o441

By this equation any error in determining the exponents
may be detected ; and also by using the whole equations
(b) and (c), errors in the dimensions or exponents will be
detected.

By a method of interpolation, formule of very easy ap- Methods of
plication have been deduced ; by which the depth of theinterpola-
centre of gravity of the displacement below the water-sec- g""i’n‘)"'
tion, the height of the metacentre, and several other essen- |} '€,
tial elements, may be approximated to without the usually ments,
long calculations ; and thus most of the qualities of a shi
which are determinable by calculation may be ascertain
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Chapman’s compared, and altered with very little trouble, before the

construction is begun.

In order to apply this method of construction to practice,
nothing more is requisite than to know the limits between
which the exponents generally are for the class of ships in
question, the proportion between the principal dimensions,
and the distance the centre of gravity should be before the
middle of the load water-line. In Swedish ships of the line
and frigates, the distance of the centre of gravity of the
displacement before the middie of the load water-line is be-
tween »isth and Fyth of the length, and in smaller vessels it
is a little more, depending on the manner in which their
stores and rigging are distributed. This distance being de-
termined, the weight the ship is to carry, the weight of the
hull, and the relative proportions of the different dimensions,
or the value of the exponents, the calculations will give
the areas of every section, leaving the constructor the power
of giving them whatever form he may wish.

aptain Carlsund was employed in this country in build-
ing steam-boats for the Swedish post-office service. He
has given the calculations of one of these boats, which were
all constructed on Chapman’s parabolic system, as an ex-
ample of its practical application.

) the ratio of the breadth to the length to be «,
and that of the breadth to the depth to be 3; by substitut-
ing them in the equation (b), it will become

.M . BB =
n41l m41l @'f8:B'=D.
The values of m and n are known, being assumed from
former experience ; the displacement is determined by the

weight of the engines, added to the weight of the stores, .

&c. and an approximation to the weight of the hull. By
assigning values to « and B, the value of B is obtained, and
from that the values of the length and depth. The dimen-
sions béing now known, the scantling may be determined,
and the true weight of the hull estimated ; which, if very
different from the approximation which was used, will cause
a corresponding alteration in the dimensions, &c. With a
steam-boat the stability is of minor importance, therefore
it is not neccssary to refer to equation (¢).

The vessel in question was intended for two twenty-five
horse-power engines, the weight of which, with the neces-
sary stores, and the other articles, was estimated to be about
2050 cubic feet of water, and the approximation which was
at first made to the hull was 1850 cubic feet, which sup-
posed the whole displacement to be 8900 feet.

The vessel was intended to be sharp both at the midship
section and at the extremities ; hence n was taken = 2-12,

and m = 8:0; the p ion between_the length and the Chapman's
breadth, or «, was taken = 525; and that between the ';,""t'”"c
breadth and the depth, or 3, = 0-32. By substituting this ystem.
value in the equation, we have

: 3900 X 3-12X 4
B= 2']2)(8)(5'25)(0‘32—1658'

Length = 525 B = 87-04,

Breadth = 0-32 B = 531.

By calculating the weight of the hull according to these di-
mensions, it was found that the approximation was too small
by 175 cubic feet. By adding this quantity to the displace-
ment, and retaining the other values, it will befound, from
the above equation, that the

Breadth = 16822,

Length = 525X 16882 = 88-315,

Depth = 032X 16882 = 5-383.
The weight of the engine, its situation, and that of its centre
of gravity, must determine the place of the centre of gravity
of the vessel, which was found to be about 2:25 feet before
the middle of the length on the construction water-line;
and consequently, from equation (2), the situation of the
midship section was determined to be 9:27 feet before the
middle of the construction water-line.

The stations of the other sections were determined by
the room and space. The parameters for the fore and after
bodies were first determined by substitution in the equation
(8)- In the fore-body

f= é-— =8-—8315-—9"27 = 34-887,
and in the after-body
= % + k= 53427.
The area of the midship section, from equation (5),
2 Bh=}x16-822 X 5388,

m4 1
= 67-912 square feet,
and the half area = 33:956.
Hence, by equation (8), the parameter of the fore-body
__3agEi™
~ 83:956

and for the after-body,

534271

The calculations for the sections are contained in the
following table.

= 54-895;

—

For the Fore-body, = M—’—’:sl; 5 For the After-body, s = ———l;::”-
Sections, Sections.
IHalf the Mid Half the Mid-
Distance from [Abscisss, or z.| ghip Section, Distance from [Abscisss, or =/ ship Sectiun,
Name. the Midship —. Name. the Midship —_
Sect. or y. Sect. or y.
Feet. Square Feet. | Square Feet. Feet. Square Feet. | Square Feet.
End........ 34-89 33-960 0 End...... 5343 38-960 0
L cervecieiosccnnes 32:24 28730 528 seeee 5076 30-460 350
% cecernnen sevoeses 30- 24-660 930 48 27060 690
24 15-360 1860 42- 20-390 18:57
18 8349 25611 36 14-700 19-26
12 3:585 80-425 30 9990 2395
6 813 83-147 24 6225 27735
Midship section.| Q 0 3396 18 3-382 80-578
e 12 1-432 32:528
6° 329 38:631
(1] 0 83-96
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Timber.  The areas of the sections being thus determined, the merchant and shipowner to freight and to sail ships, of which Timber.
‘== ~= construction of the draught was begun. The midship sec- Lloyd’s books record a most fearful and a most astounding “~=—~—~"

tion, and one or two sections in each body, being drawn in,
and their areas ascertained to agree with the tables, one or
two diagonals were got in, and the rest of the sections drawn,
always keeping their aress precisely equal to those given
by the table. The direction of the diagonals at the extre-
mities determined the places of the rabbets of the stem and
stern-post, and from these the length of the whole load
water-line was found to be 0-44 feet longer than that of the
construction water-line ; that is, 0-38 at the fore-end, and
0-11 at the after-end ; consequently the length of the load
water-line between the rabbets was equal to 88-755 feet.

As, in a ship constructed according to this method, the
situation of the centre of gravity with respect to the length,
and also the displacement, are known correctly, during the
progress of the work much tedious arithmetical caleulation
18 avoided ; and, after a very little practice, it will be found
that the forms of the different sections may with great ease
be drawn to contain the requisite areas ; consequently, by
the general adoption of the method, an amazing saving of
time and trouble would be effected.

There can be no doubt that this parabolic system offers
great advantages, especially to the student of naval archi-
tecture, in the great facility with which it may be applied
to institute comparisons between ships by means of the ex-
ponents. The mere repetition of the digits which number
the displacement of a ship, or the area of either of her sec-
tions, will convey no idea of the form either of the body or
of the section. Again, the ratio of the displacement, or of
the area of the section, to that of the circumscribing pa-
rallelopiped or rectangle, will convey a scarcely more de-
finite idea of shape; whereas the exponent of the displace-
ment or of the section, presenting itself to us not only as
an arithmetical measure of quantity, but referring us at the
same time to a geometrical line, the mind becomes imme-
diately almost as conscious of the peculiarities of the form
of the body or of the section as if a drawing of either were
present before the eye. A very slight attention to the com-
parisons which have been drawn between the Nelson, Bul-
wark, and Endymion, by means of their e::gonenu, will con-
vince the reader of the advantage which the system posses-
ses in this respect, and of the value in which an extensive
digest of ships of various forms and qualities, calculated on
this principle, would be held by naval architects. At the
same time, it is quite evident that even the inventor, Chap-
man, would not have recommended the parabolic system
a8 a total substitute for the more rigorous applications of
science, but only as accessory to them. Also, the parabola
affords facilities for variations in form, which may be almost
said to leave the architect at perfect liberty in his design.

General Observations on the Physiology of Timber.

Aswe cannot, in the space allotted to this article, enter into
a particular examination of the nature and qualities of the
different varieties of timber used in building a ship, we must
confine ourselves to such observations on the physiology of
timber in general, as may be of practical application.

tale; a tale which proves, that the longer average durabi-
lity of the mercantile navy is in part purchased at a most
sinful expenditure of human life ; an expenditure which no
amount of insurance can compensate.

The occasional instances of lengthened durability in some Oceasional
ships of the royal navy tend to prove, that it may be pos-instancesof

sible much to increase the average, by insuring a combi-
nation of the same causes which, Perhaps accidentally in
these cases, produced this effect. That this is a most im-
portant consideration is evident ; for if we knew how to in-
sure to our ships the durability recorded of the Montague,
we should diminish the expense of our navy by one half ;
while if we could insure to them that recorded of the Royal
William, we should diminish the expense to one sixth!
The deterioration and decay of ships may be advantage
ously considered under several distinct h

durability.

- Classifica-
One may in-tion of de-

clude the decay to which timber is subject, in common with ﬁg_of tm-

all nized matter, and which may be either hastened or
retarded, according as destructive or preservative influences
prevail ; another may include the variety of decay to which
the name of “ dry rot” has been applied ; and another may
include that decay which appears to be not only prematurely,
but unnaturally induced, dependent on the injudicious com-
bination of destructive agents with the inorganical com-
pounds of the timber.

That large masses of timber in combination should be
more subject to the deteriorating influences which tend to
accelerate decay, is what we may be led to expect from
analogy. All organization of which we have any knowledge,
becomes eventually decomposed by the chemical action
which takes place in its constituents. During the life and
health of a plant, the various components acting under the
influence of their common vitality, tperform their several
functions in accordance to the end of their original combi-
nation ; but with the ccssation of life that influence ceases,
and the constituents of the organized structure assert their
individual existence, and resume their original affinities.
Some separate, some form new compounds, and others which
the vital principle had retained in harmless combination
now act energetically and destructively on each other ;. while
the original mass, under the influence of these several

causes, gradually deteriorates, and is eventually decomposed. |,

This result may be accelerated or retarded by the presence beeny may
or absence of those circumstances which are favourable or be accele-

unfavourable to it. Temperature, moisture, the vicinity or rated or
remoteness of agents either destructive or preservative, all "

have great influence in promoting or retarding decomposi-
tion, principally in as far as they promote or retard the fer-
mentative process, which to be the preliminary step
towards the rapid decomposition of vegetable matter.

certain degree of moisture is necessary to induce this fer-i':l%e"

mentation ; but when the other circumstances that are fa-©

vourable to the process exist, this moisture is always to be
found even in tge best-seasoned timber, in which, on the
authority of Count Rumford, there still remains one fourth
of its weight of water. This will be readily understood when

ed.

A Deteriorat.
(U

Timber, when forming a component part of the structure
of a ship, is subjected to many tr:beriorating influences that
Durability have no analogies in other combinations of wood-work. Al-
of the royal though particular instances may be quoted of ships which
navy. have resisted decay for long periods, the average durability
of the royal navy is reported not to exceed fifteen years.
This we consider now an unfavourable statement; but, in the
wear, tear, and neglect incidental to the constant services
Of the mer. of war, even this average must be considerably lowered. The
cantile na- duration of the mercantile navy is stated at a higher aver- circulation of air, contribute much to the process of fermen-
vy- age; but it must be remembered that the merchant-ship is tation, and consequently to the destruction of the original
not necessarily maintained in such perfect repair as the Sxi etructure of the fermenting mass, by the distribution of its
of war ; and also, that the system of insurance enables both several constituents, and its consequent decomposition.

it is remembered, that a very large portion of moisture is al-

ways contained in the atmosphere, to the influence of which

the timber has been mosecr While moisture to a certain

extent appears essential, a continued immersion, or perfect
saturation, is inimical to this vegetable fermentation. Again, Prescrva-
amoderate temperature, not so low as to induce congelation, tive infla-
nor o high as to cause ev. ion of the moisture, appears ¢"%*

to be favourable to it. The unavoidable dampness of the
atmosphere in ships, and the difficulty of maintaining a free
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Timber.  The difficulty of maintaining a circulation of pure air in
“~=—~—those portions of the vessel below the surface of the wa-
ter might be removed by adapting the openings between
the timbers of the frame to this purpose. Pure air might
by their means be easily supplied to the lower part of the
“ between decks,” or even to the hold, through pipes; and
the foul, heated, and therefore rarefied air, would rush from
the upper part of the between decks, or of the hold, through
a second series of pipes. The writer of this article proposed
a plan for effecting this to the Admiralty, on his return from
a cruise in the experimental squadron of 1827. The same
principle is adopted now, very generally, to ventilate ma-
nufactories and other large and closely-peopled buildings.

The most active agent in the work of the decomposition
of timber is the oxygen which it contains, whether this de-
composition be rapidly induced by fermentation, or is more

) glowly and grad\:ﬁy taking place under the influence of the
law which renders decay the necessary consequence of or-
ganization. The oxygen, which, during the vitality of the
plant, was held in harmless combination, is set free, and im-
mediately begins to act upon the woody fibre of the felled
timber, and induces a slow combustion, the effect of which
is the evolution of carbonic acid gas, and the carbonization
of the wood, by which the tenacity and adhesiveness of its
Decay  several parts are gradually destroyed. . Timber, therefore,
commences begins to deteriorate and to decay from the moment of its

Oxygen,

Its effect.

with the  heing felled ; and indeed a gradual diminution of its strength
{;mlt.ig ‘g; may be observed during the process of its seasoning, which
© BIDS" only ends with its total decomposition. The hastening the
seasoning process is, however, advantageoys, by depriving
the timber of the superabundant moisture, and of the juices,
which might otherwise induce an unduly rapid decomposi-

tion.
Dry rot. The decay of timber has been uently classed under
. two heads, natural decay, and decay from dry rot. Proba-
bly there is not such a marked distinction between these
Distine- two decomposing principles as might be imagined. Very

tivecharac- frequently the decomposition of timber is attended with the
teristic.  apparently spontaneous vegetation of parasitical fungi ; and,
according to common acceptation, that s‘pecies of decay

which is accompanied by the vegetation of these fungi has

Derivation received the appellation of dryrot. The term was applied
of the to it in consequence, probably, of the peculiarity attending
term. ¢, that the decomposed wood had become a dry friable mass
Fungi.  without fibrous tenacity. Whether the seeds of these plants
are lying dormant in the juices of the timber while in a
state of life and health, and the vegetative principle in them
becomes active only when decomposition has furnished them
a nidus, or whether they are floating in the atmosphere,
and vegetate whenever favourably placed, is a point not yet
established. However this may be, as in general this pe-
culiar decay may be traced to imperfectly seasoned mate-
©87- rials, we consider it may fairly be supposed that the seeds
of the fungi are contained in afit state for vegetation in the
juices of such timber ; and although it sometimes occurs and
spreads among seasoned timber, it appears previously neces-
sary that damp should have renewed and revived the vege-
tating principﬁe in the seeds, and fermentation and decom-
position have provided them a nidus. They thenflourish and
acquire strength on the sustenance which they draw from
the decomposed wood ; and in the same manner, and with
a similar deteriorating effect as the parasitical plants which
sometimes vegetate on the living tree, these destroy the
dead timber, by abstracting all but the earthy particles,
which are left without fibrous texture. '
Dryness, cleanliness, a free circulation of air, or the en-
tire exclusion of it, appear to be the best preservatives
against, or checks to, vegetable decomposition ; while damp
accumulations, and a vitiated atmosphere, rapidly induce it.
Tendency  If the foregoing statement of the principles on which the

of decay to decomposition of timber depends be correct, it is evident
increase.

General
causes of
this de

Preven-
tives.
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that its tendency is progressive, and that the decay must Timber.
rapidly spread, from the accumulatioD of the deteriorating =~
influences. It is also evident that the only means to check

undue decay is by a removal of the inciting causes; and

that the only means to prevent it, is to guard against thuse
circumstances which are most liable to induce it, and to.

avoid the use of those materials in which it is most easily

induced.

Unseasoned timber should never be used, and even the Precau-
most seasoned timber should only be used when in a dry tionary
state. When kilning plank was first adopted, now up-Tmeasures-
wards of a century ago, the planks, after being set to the
form of the body, were taken off to dry ; this, however, was
unnecessary, kilned plank drying almost at the mouth of
the kiln. All decayed and all diseased portions of the wood
should be carefully removed, and also the whole of the sap
or imperfect wood, which, from being more soft and spon
in texture than the spine, absorbs moisture more easily, an
being also more filled with the vegetating principle and the
vegetable juices, is more liable to fermentation, and conse-
quently to decomposition, and to the growth of the fungi.

We shall now consider the premature decay of timber Influence
induced by the substances which are used in connection of extranc-
with it. Of these the iron for fastenings has by far the 2 ub-
most i:glurious influence. This is probably owing to the
great affinity which exists between that metal and oxygen, Iron fos-
so that each fastening becomes an absorbent of oxygen, tenings.
either from the atmosphere or from the wood which sur-
rounds it, and which is again supplied from the atmosphere.

The surface that is first subjected to this change is con-

verted into the brown oxyde of iron, which may be termed

a supersaturated oxyde, and parts with its superabundance

of oxygen to the lamina of pure iron immediately beneath

it, while the surface absorbs a fresh store of oxygen from the

wood ; and thus the process of oxidation goes on through Cause of
successive laming of the iron, until the whole of its metallic their de-
nature is changed, and its utility as a fastening is destroy- Sthuctive
ed, while it becomes a reservoir of oxygen, which acts
evidently on the woody fibre around it, and, by carbonizing

it, rapidly and effectually destroys its tenacity.

In this view of the action of iron in accelerating the de- Constitu-
composition of timber, we may trace the reason why itsentaofoak-
effect varies so much in different woods. Mackonochie, in .
his admirable Prospectus, says that oak is found to contain
a much smaller proportion of oily or resinous particles than
many other kinds o}x:vood; and that, besides the lignic acid
which it has in common with them, it contains an acid pe- '
culiar to itself, called the gallic acid, and that, therefore,
the quantity of oxygen in oak is very considcrable ; that,
on the contrary, in teak it is much less, while in this wood Of tesk.
the resinous particles are so abundant as. to have procured
the teak-tree a place amongst the terebinthinous plants.

He argues, that the iron, which cannot easily be protected
before being applied as a fastening, acquires a protecting
covering from the oily or resinous juices of the wood,

ressed from the abraded vessels in the action of driving.

his coating, which cuts off its influence on the oxygen, Effect of
will be more or less perfect, in proportion to the quantitiesiron on
of the protecting substances contained in the wood. He teak less
states, on the authority of the experience of the shipping 1.'yy oo
built in India, and used in the India trade, that the average fore may
duration of an iron-fastened teak ship is thirty years; and be used in
consequently he argues that it is a misapplication of ex- teak.
pense to use copper fastening with teak, as the additional
advantage gained is not at all commensurate with the ad-
ditional expense. But with oak the circumstances are dif- Action of
ferent ; the action of oak on copper is not near so destruc- Copper on
tive of its metallic structure as it is on iron ; and, on the
other hand, the re-action of the metal on the wood is not
so destructive of its ligneous fibre. The oxyde of copper,
which forms almost immediately on its coming in connection
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Timber. with the wood, is not a supersaturated oxyde, but the por-
== tion of oxygen it has absorbed is held in strong combina-
tion ; and, consequently, instead.of the process of oxidation
continuing from lamina to lamina, as has been described to
be the case in iron, the surface oxidation becomes a natural
protection of the copper from the action of the wood, and
of the wood from the action of the copper, equivalent to the
resinous or oily coating which supervenes in the case of iron
driven into teak. .

With this view of the process of decomposition in timber,
we have an insight into the rationale of the various means
Several writers on timber

Various
means (_)f

preserving nroposed for its preservation.
m Eave more or les:) urged the foregoing principle. Macko-
nochie.  nochie, in his Prospectus, has adopted this theory; and
though his reasoning on the causes of decomposition is not
given with his usual perspicuity, his deductions as to the
means of prevention are perfectly free from this objection.
Useof  He recommends, that whatever iron is used for fastening,
paint. a protecting coat of paint or some other substance should
be interposed between the iron and the wood, to cut off, as
far as possible, the connection between the metal and the
woody fibre.
Seasoning  He also recommends that, in seasoning timber, care should
:’I:'fg’;: be taken to expose it to the light, which will have great in-
fluence in making it give out its oxygen. But as it must
re-absorb oxygen in the night, and will at least be supplied
with it from the atmosphere, the only effectual means is
at once to expel it, and fill up its space with some other
Saturation gubstance ; for which purpose, he says, « oil presents itself
withoil. a4 the fittest, its use in defending timber from the action of
the weather having been long acknowledged and practised.”
Means of He recommends the following process as an easy means of
::;m“‘ impregnating the timber with this or any other similar sub-

stance. The wood is to be placed in a steam-tight cham-
ber, and subjected to the action of steam, by which the air
and gases will be expelled both from the chamber and the
timber. Then, by condensing the steam, and repeating the
‘Errocess until the whale of the elastic fluids are withdrawn
om the wood, and the non-elastic converted into vapour,
the wood becomes freed from them, and if plunged into
oil, and subjected to the atmospheric pressure, the whole
interior of the wood will be filled with the oil. Macko-
nochie asserts that he then has (6th August 1808) in daily
use a steam-chamber on the above principle, capable of con-
taining from twenty to thirty planks forty feet long, or a
proportionate quantity of timber, in which, while the planks
are steaming to render them flexible, they are impregnated
Oil may be with teak oil. He says the oil may easily be procured from
procured ¢he chips and saw-dust used for the fuel of the steam-boil-
timben, | ers ; for it has been ascertained that Malabar teak contains
* such a quantity of oleaginous or terebinthinous matter, that
the chips from the timber and plank of a ship built of it will
yield, by a proper process, a sufficient quantity of tar for all
its own purposes, including the rigging ; and that although
oak-timber does not centain so much of these substances,
the chips of the fir consumed in the royal navy would be

more than sufficient to supply tar to saturate the oak. *
There have been numerous proposals to impregnate tim-
ber, in a greater or less degree, with foreign substances.
By M. Pal- In 1779 a proposal was made by a M. Pallas to mineralize
'f“’r:l‘i’:.‘; timber by steeping it to saturation in a solution of green
neralize 1% vitriol, and then precipitating the green vitriol by means
Mr Bill, to of lime-water. A gentleman of the name of Bill, about the
rith et year 1822, produced some samples of timber of large scant-
phaitum. ling, impregnated throughout their substance, apparently,
with asphaltum. The samples thus prepared were subjected
to a trial of five years’ duration in the dry-rot pit at Wool-
wich ; and we have it on the authority of Mr Knowles, the
able secretary to the late committee of surveyors of the
navy, that they perfectly withstood the  fungus rot,” while
" numerous unprepared specimens were destroyed in one fifth
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of the above time. Sir John Barrow, whose long expe- Timber.
rience and acknowledged talent render his opinions on all

naval matters extremely valuable, recommends the kreosote

from the distillation of tar, which, in the shape of a gas,

will, he says, penetrate every part of the largest logs,  and

render the wood almost as hard as iron, so hard as not easily

to be worked.” Another plan, that proposed by Mr Iglyan, Mr Kyan,
is to soak timber in a solution of corrosive sublimate. This, ith corro-
onthe principle advocated in this article, would be effec- :l::"bh'
tive in all cases where the saturation was complete and per-

manent. Where the application is only of the nature of a

surface application, there does not appear to be any reason

why the corrosive sublimate should preserve the interior of

the timber, or have more effect on that part than any other

surface applications, excepting that it would more certainly

destroy any vegetative princi{:le which might exist in that

portion near the surface to which it could penetrate. }

The rationale of Mr Kyan’s process may be best under- Mr Kyan’s
stood by the following quotation from a lecture by Dr process.
Birkbeck. ¢ Aware of the established affinity of corro-
sive sublimate for this material (albumen), he applied that
substance to solutions of vegetable matter, both acetous
and saccharine, on which he was then operating, and in
which albumen was a constituent, with a view to preserve
them in a quiescent and incorruptible state ; and obtaining
a confirmation of his opinions by the fact, that during a pe-
riod of three years, the acetous solution openly ex to
atmospheric air had not become putrid, nor had the sac-
charine decoction yielded to the vinous or acetous stages.
of fermentation, but were in a high state of preserva-
tion, he concluded that corrosive sublimate, by combina-
tion with albumen, was a protection against the natural
changes of vegetable matter....He conceived, therefore, if
albumen made a part of wood, the latter would be protect-
ed by converting that albumen into a compound of pro-
tochloride of mercury and albumen; and he proceeded to
immerse pieces of wood in this solution, and obtained the
same result as that which he bad ascertained with regard
to the vegetable decoctions.” The writer of this article
has seen most conclusive experiments as to the beneficial
effect of « Kyanization,” especially on the softer woods.

Innumerable nostrums have been recommended as sur- Number-
face applications for preventing the decay of timber. less nos-
Knowles, in his work on the Preservation of the Navy,"‘““’b'_"
gives a list of twenty-nine, besides many others the com- o7 .P™
!;ments of which were kept secret by their projectors.

here does not ap, to be sufficient evidence to prove
the decided advantage of any of these applications ; on the
contrary, unless the timber to which they are nﬁplied should
be thoroughly seasoned, all coatings on it which prevent the
progress of the seasoning process, and confine the vegetable
Jjuices, have been proved to be injurious. If timber be
already well seasoned, the principa Freventives to decay
appear to be ventilation and the exclusion of damp; and
with unscasoned timber the same means will accelerate
the process of seasoning. Those means of preventing de-
cay by saturation with some chemical agent, and thus al-
tering the nature of the timber by a chemical action on its
constituents, ap| to be the most likely to produce de-
cided results. The physician-general of the navy, Sir Wil- 8ir William
liam Burnett, finding that the precipitate caused by the Burmett.
kyanization was soluble in salt water,gms lately substituted
for that process saturation with the chloride of zinc; the
precipitate which this forms with the albumen being un-
affected by the action of the salt water. The beneficial
effect of this chloride is very decided, in those specimens
which the writer has had an opportunity of examining.

There has been much controversy as to the proper season Time for
for felling timber, into which we cannot devote space tofelling tim-
enter. The ment appears to be in favour of the greater be™
durability of winter-fellet‘re timber. In fact, the controversy
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Laying Off. more to have arisen from a desire to gove that  Moulding and Siding. These tef™ are pearly synony- Laying O
~v~ spring-felled timber was not unequal to winter-felled, than mous with thickness and breadth ; ob8€tving that the mould-

for the of eliciting truth; the bark being more
casily detached and more valuable from off a spring-felled
than from off a winter-felled tree.

Laying Of.

General observations and definitions—Laying off is deli-
peating the form of a ship according to its actual dimen-
sions, in order to supply the workmen with the exact shape
and proper positions of the principal pieces of timber which
compose the structure. If the floor be sufficiently spacious,
the ship may be laid off in one length; if otherwise, the
operation must be performed in two or more lengths, ac-
The prncial plas of  sh

princi of a ship are the sheer, body, and
half-breadth pl:tlnsp ? v
& nl:lt, 'll'he sdxee:l plan is s‘l'u projection on a vertical longitu-
inal plane, dividing a ship into two equal late
CCCCL. fig. 24. 8 P caue parts.

2d, The body plan is a projection, on an athwartship

plane, of transverse vertical sections of the ship, which sec-

Sheer plan.

Body plan.

tions are square to the keel. Fig. 25.
Half- 3d, The half-breadth plan is a projection, on a horizontal
breadth  plane, of various sections of the agip. Fig. 26.
plan. The principal lines employed, as well in the construc-
tion of a draught, as in laying off a ship, are water-lines,
Wateedi level lines, diagonal lines, and buttock and bow lines.
ater-lines.

1st, Water-lines, in the sheer plan, are straight lines drawn
parallel to the surface of the water. In the half-breadth
plan, the water-lines show the boundaries of the sections
of the ship, at the corresponding heights in the sheer and
body plans. Figs. 24, 25, 26.
Level lines.  2d, Level lines are similar to water-lines, except that
they are drawn parallel to the keel instead of to the water.
To avoid confusion, the level lines are omitted in the sheer
draught, but they are drawn in Plates CCCCLI. and
CCCCLII

3d, Diagonal lines show the boundaries of various sec-
tions formed by planes which are oblique to the vertical
longitudinal plane, and which intersect that plane in straight
lines parallel to the keel. Plate CCCCL. figs. 25 and 26.

Diagonal
lines.

Buttock _4¢h, Buttock and bow lines are the boundaries of verti-
and bow ¢4} gections of the ship, parallel to the vertical longitudinal
lines-  plane. See B. L., figs. 24, 25, 26.

Main- The main-breadth line is the boundary of the widest part
breadth  of the ship in each of the three plans. Plate CCCCL.
’,},‘:)‘;_ The top-breadth or. top-timber line, in the sheer plan, is

bresdthand 8 line drawn to the sheer of the ship, fore and aft, at the

top-side height of the under side of the gunwale amidships ; and the
lines. top-side line is a sheer line drawn above the top-timber line,

at the extreme height of the side of the ship. Plate CCCCL.-
Cuttin The cutting-down line is a curve in the sheer plan which

down line. corresponds to the upper surface of the throats of the floors
amidships, and to

e under side of the keelson. Plate
CCCCL.

Foreand  Fore and after bodies. These combined comstitute the

sfterbodies. whole of the ship. They are supposed to be separated by
an imaginary athwartship section, at the widest part of the
ship, called the midship section, or dead-flat.

Midship Midship body, as sometimes used, applies to an indefi-
body. of a ship, in-

nite length of the middle part of the lgzslth
cluding a portion of the fore and after bodies.
Square and , Square and cant bodies may be considered as subdivi-
cant bodies, si0ns of the fore and after bodies. There is a square fore-
body, a square after-body, a cant fore-body, and a cant
" after-body. .Im the square body the sides of the timbers
. are athwartship vertical es, whereas in the cant body
the sides of the timbers, ough vertical, are not athwart-
ship planes.

ing of a piece is the dimension of the side on which the mould Moeding
is applied for determining its shape or curvature. For in-**® "%
stance, the moulding of a beam is its depth or thickness ;

its siding is its fore and aft dimension, or breadth.

Room and space is a certain distance determined by the Room and
siding of two adjacent timbers, together with the openings space.
between them ; or it is the distance apart of the joints of the
frame, as from A to B in the disposition of the timbers, or
one half the distance apart of the stations B, D, F, &c. in
the sheer plan. Plate CCCCL. fig. 24.

Shift. This, in 1:; general sense, refe;l% to ‘hm‘ "llx‘har- Shife.
rangement among the component parts of a ship. us
we speak of a shi% of plank, a shift of dead-wood, meaning
thereby the disposition of the buts of the timber or plank,
both with respect to strength and economy. In a more li-
mited sense,  shift” means the distance apart of two neigh-
bouring buts or scarphs.

The bevelling of a timber is the angle contained be- Bevellings.

- tween two of its adjacent sides. Bevellings are either

acute angles, right angles, or obtuse angles. These three
separate cases are denominated under bevellings, square,
and standing bevellings.

Sirmarks are certain stations marked on the moulds of Sirmarks.
the timbers at which the bevellings are a&plied. These
sirmarks are denoted in the body plan by the various dia-

gonals.
iption of the draught, consisting of the sheer, body,

and half-breadth plans—The principal dimensions of a
ship are length, breadth, and depth. Connected with and
dependent on these three dimensions, are three 'f'lham’
named the sheer, half-breadth, and body plans. ese
combined constitute what is termed the draught of a ship.
We to describe them separately. Plate CCCCL.

1st, The sheer plan or elevation (fig. 24) is the represen- Sheer plan.
tation of an imaginary longitudinal section, dividing the
ship into two parts, by a vertical plane passing through
the middle of the keel, stem, and stern-post. This section
is bounded by the fore part of the knee of the head, under
side of the keel or false keel, aft side of the rudder, rake
of the stern, and the sheer of the upper part of the top-side.

Besides this plan being a section of the ship amidships,’
showing the sheer of the decks, cutting-down line, stations
of the masts, &c., on it are also projected, in lines perpen-
dicular to the aforesaid longitudinal section, the ports, cat-
head, head-rails, side counter-timber, quarter-gallery, main-
breadth line, channels, dead-eyes, &c. From all this we
see that the chief use of the sheer plan is to obtain heights
and lengths ; heights measured from the upper edge of the
rabbet of the keel, and lengths measured from the after or
the fore perpendicular. These perpendiculars, which define Perpendi-
the length of the ship, are drawn in most ships of war atculars.
the ends of the lower or gun deck ; the foremost perpen-
dicular at the aft side of the rabbet of the stem, the after-
most at the foreside of the rabbet of the stern-post.

Occasionally the interior fittings and accommodations
are shown on the sheer plan, as the beams, magazines,
store-rooms, well, pumps, capstans, cabins, and other mi-
nutiee ; but as these produce confusion by multiplying lines,
it is usual to represent the interior economy of the ship on
a se&rsbe plan, called the “ profile,” or plan of the inboard Profile.
wor|

2d, The half-breadth plan (fig. 26) principally shows Half-
the form of the ship, 1s, when cut by water-lines ; 24, by "l;“:“'
level lines ; and, 8d, by diagonal lines. As before observed, P
the planes of these diagonal sections intersect the longitu-
dinal plape of the ship, in straight lines parallel to the keel
Besides the above, the form of the decks, main-breadth
and top-breadth lines, may be also delineated on the half-
breadth plan; together with the projection of the planes of
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Laying Off the fore and after cant timbers, which will be more particu-

ainbe;ld in the sequel.

e body plan (fig. 25) is simply a representation of
vertical transverse sections, before, at, and abaft the widest
transverse section, which is termed « dead flat,” and usually
denoted by the symbol .

The sections in the body plan in the fore-body are dis-
tinguished by letters, A, B, C, &c., those in the after-body by
figures, 1, 2, 8, &c., corresponding with the same letters and
figures in the sheer and half-breadth plans. It must be un-
derstood, that the sections in the y on the right of the
middle line t the starboard fore-body, whilst those
on the left of the middle line represent the larboard after-
body, of the ship.

It is thus seen, that from the aforesaid three plans we
may derive correct ideas of the form of a ship, which form
is obtained . )
by vertical fore and aft sections

parallel to the vertical longitu-

dinal plane, as seen by the but-
tock and bow lines ;
by athwartship vertical sections,
square to the keel, and at right
angles to the vertical longitudi-
plane; - k
1st, by water-lines, or by planes
lel to the water; 2d, by level
ines, or by planes parallel to the
keel; 3d, by diagonal lines, or
by planes inclined at any angle
to the horizon.

The reader will also perceive from the preceding remarks,

that

From the sheer plan,

From the body plan,

From the half-breadth
plan,

%‘ﬁg ;h:" p‘t‘: g. £ | on a vertical longitudinal plane ;
The half breadth | « § 4 o0 & vertical athwartship plane ;
plan = = { on a horizontal plane.

As before remarked, the three above-described plans con-
stitute the draught of a ship. We shall presently see their
mutual dependence on each other, so that any two being
given, the third may be obtaned.

Besides the sheer draught, it is customary to furnish the
architect with a profile of the inboard works before ex-
gl:;ned; the ¢ disposition,” or the ce of the tim-

which constitute the frame, showing the heads and
heels, and general arrangement of the futtocks; the mid-
ship section, on which is described the moulding, or athwart-
ship size of the timbers, the thickness of the exterior and
interior planking, the connection of the beams to the side,
the dimensions of the water-ways, shelf-pieces, the descrip-

Scheme of tion and fastening of the kuees, &c. These, together with
scantlings. 8 scheme of scantlings, which is a document containing the

Frame of a

dimensions, and other particulars, of the principal pieces
which enter into the construction of the fabric, constitute

+ all the preparatory information required by the builder.

After these general observation®, we shall now enter more
in detail into the description of the draught of a ship; but
as laying off and rchucal building are so intimately con-
nected, that a perfect knowledge of the one cannot be at-
tained without some acquaintance with the other, it becomes
previously necessary to describe, in general terms, the me-
thod in which the timbers of a ship are combined and dis-
posed, both in the square and cant bodies.

This constitutes another division of our subject.

The timbers of a ship are combined together in assem-
blages which are technically called « frames ;” these are put
together in a certain predetermined order, depending on a
variety of circumstances, as the size and form of the ship to
be built, the nature and dimensions of the timber to be used,
the skill and judgment of the architect employed. We will
suppose each frame to consist of a floor crossing the dead-

wood, a first futtock
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ing against the dead-wood, & second Laying Off

futtock on the head of the floor, a third futtock on the head of ~=~~~
the first futtock, a fourth futtock on the head of the second O!d #7s-

futtock, and, lastly, a top-timber on the head of the third *

futtock. The above arrangement accords with the old

tem of building. An economical modification of the plan 8hort-tim-
was introduced of late years, by diminishing the length, and ber frame.

therefore by increasing the number, of the timbers. Thus
the long floors are abolished, and their place is substituted
by shorter floors, called cross timbers. To the sides of these
croes timbers, giving scarph to and projecting beyond them,
are bolted mdg(.ilo:glled pieces, called half floors. The first
futtock will then but on the head of the cross timber, the
second futtock on the head of the half floor, the third fut-
tock on the head of the first, the fourth on the head of the
second, the fifth on the head of the third, the sixth on the
head of the fourth, and the top-timber on the head of the
fifth. Occasionally lengthening pieces are added to the
upper timbers, when required by the conversion. See figs.
84, 85, 36,

Figure 49, Plate CCCCLVII,, m{:reumts a disposition
with the buts of the frame arranged like those of a shift of
plank, there being three timbers between every two buts,
while in the usual disposition there is only one timber be-
tween every two buts.

By reference to the disposition of the frame, Plate
CCCCLIV,, it is seen that the timbers are not in contact
sideways, but are kept apart a certain distance; although, for
the sake of simplicity in laying off, we suppose them to touch
each other from the keel to the top-side.
junction of the futtocks of a frame is called the joint. The
joints of the frames are, with one exception, eqnidistant.
This exception is seen in fig. 24, Plate CCCCL., in which the
distance between the joints 8 and (2) is greater than be-
tween the other joints. This variation is for the p: of

This imaginary Joints.

introducing an additional timber, called the ¢ single tim- Si"ﬂ:
ber,” so that there will be five timbers in the space 8 (2),timber.

whereas there are only four timbers between the other joints.
Hence the opening in question is called the five-fourth open-
ing; and one frame, instead of consisting, like all the others,
of two adjacent timbers, will consist of an assemb of
three timbers. The reason of the introduction of the single
timber is, because the position of the various futtocks is re-
versed in the fore and after bodies, 1. e. those which in the
fore-body are on the fore side of the joint, are placed in the
after-body on the aft side of the joint. Hence, were it not
for the single timber breaking the shift of the heads and
heels, we should have a series of two buts together, as two
first-futtock heads, and so on. The timbers being square
to the keel, the joints will obviously be represented in the
sheer and half-breadth plans by straight lines square to the
keel.

As before explained, these joints and their corresponding Square

frames are distinguished in
B, C, D, &c. and in the after-body by figures, as 1, 2, 3, 4,
&c. Thus it is seen that the sides of the timbers already

he fore-body by letters, as A, body.

described are athwartship vertical planes. This arrange- cant body.

ment, however, is de from at the two extremities of
the ship; for if the sides of the frames were athwartship,
timber of much larger scantling would be required, which
would be more costly, more liable to decay from converting
older trees, and would be still farther objectionable, from
the fastenings, which ought to be ?ua.re to the curve, cut-
ting the timbers more obliquely. To obviate. these incon-
veniences, the timbers, in technical language, are “ canted.”

It has been before explained, that the sides of square Square and
timbers are vertical planes; so also are those of cant tim- cantbodies.

bers. Again, the intersection of the plane of the square tim-
ber with the vertical longitudinal plane of the ship, is a verti-
cal straight line: the same remark is applicable to the cant-
timber. Further, the plane of the square timber is at right
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Laying Off. angles to this longitudinal plane, whereas that of the cant
=" timber is obli%ue to this plane. The subject of square and
cant timbers has been explained by the following familiar
illustration. Imagine the before-named vertical athwart-
ship plane to be fixed at its intersection with the vertical
longitudinal plane, but still allowed to revolve on the ver-
tical line of intersection as an axis. It may be considered
as a door on its hinges. When the door is wide open, in
other words, when the plane stands athwartships, it repre-
sents a square timber ; when the door is partially closed, or
allowed to revolve on its hinges, it represents a cant timber.
This imaginary revolution, of course, takes place forward
in the fore-body and aft in the after-body. Thus, in the
half-breadth plan, Plate CCCCL., AB, drawn perpendicular
to the middle line of the ship, represents the joint of a square
frame ; but if it is made to revogve forward round the point
A, till it comes into the position Ab, it then represents the
joint of a cant frame.
The . We have now to explain the manner of drawing the va-
draught of rigus lines and sections of a ship, and of transferring them
®ship.  fom one plan to another. For this purpose it will be con-
venient to imagine the draught complete, and in a general
way to retrace the steps by which the completion was ef-
fected, by explaining the adaptation and correspondence of
the three plans with each other. Below the upper edge of
the rabbet of the keel are drawn the depth of the rabbet and
the under sides of the main and false keels. At a distance
apart, equal to the length of the ship, are drawn the fore-
Perpendi- most and aftermost perpendiculars, at right angles to the
culars.  keel, and respectively intersecting the aft part of the rabbet
of the stem, and the fore part of the rabbet of the stern-
Stem and post, at the height of the lower deck. The stem and stern-
stern-post. post, together with their respective rabbets, are likewise
delineated. From the calculation of the weight of the ship
when fully equipped, as already explained, is determined
Load wa- the position of the upper or load water-line; the other water-
ter-line.  lines are drawn at pleasure parallel to, and generally equi-
distant from, the load water-line. They are severally mark-
ed No. 1, 2, 3, 4, &c. (Plate CCCCL.), observing that they
are characterized by the same figures in the body and balf-
breadth as in the sheer plan.
The load water-line being drawn in the sheer draught,
Sheer of ' the height of the lower deck may be determined. It is to
the decks. be observed, that a deck is delineated by three lines, the
upper two of which are parallel to each other, and represent
the thickness of the deck at the middle ; the third or lower
line denotes the under surface of the deck at the side of the
ship. Supposing the height of the deck determined amid-
ships, forward and aft ; let these heights be set above the
1“58' water-line, and through the three spots thus obtained
draw a segment of a circle ; this curve defines the deck at
the middle. To obtain the deck at the side, proceed as
follows. Draw a straight line, equal in length to the breadth
of the ship amidships, to the interior of the timbers. Per-
pendicular to and at the middle of this line, set off the

Keel.

round-up of the beam, through which point and the extre-

mities of the line draw the segment of a circle, which will
represent the round-up of all the beams. Draw a tangent
to this curve at its middle point, which will evidently be
parallel to the first-named line, or chord of the arc. Now,
to obtain the round-down of the deck at any particular sta-
tion, take the half-breadth of the ship at that station, and
set off this half-breadth on the tangent from the middle of
the curve. Next take the perpendicular distance (at right
angles to the tangent) of the curve from the point last ob-
tained, and set it off on the sheer plan at the corresponding
station below the under side of the deck at the middle ; the
spot thus obtained is the deck at the side. By proceeding
in a similar manner at other stations we obtain several spots
through which a fair curve must be drawn, and thus is de-
termined the under surface of the deck, or the upper sur-

face of the beam at the side of the 8bip. ' p Jike manner Laying Of1.
are the other decks delineated, their beight and round-up “=—v——"
being known. At nt, however, only the lower decE

can be decided. Before the upper deck, quarter-deck and
forecastle, and round-house, are drawn, it will be necessary

to draw, in the sheer draught, the midship and side coun-
ter-timbers. We here remind the reader that we are al-

luding to a two-decked ship, whereas the sheer draught

(Plate CCCCL.) represents a frigate, which has one fight-

ing deck less than a line-of-battle ship.

As the heels of the stern or counter-timbers rest on and Wing-tran-

are connected to the wing-transom, this transom may be som.
considered as the foundation of the stern. To draw the
wing-transom, set up in the sheer plan, from the upper edge
of the rabbet of the keel, the height of its intersection at
the middle line of the ship with the fore part of the rabbet
of the stern-post. At this point draw a horizontal line, be-
low which draw a second horizontal line, at a distance from
the former equal to the round-down of the transom. On
the upper horizontal line set off the round-forward of the
transom, which square down to the second horizontal line.
Next join the last-named point and the point of intersection
of the upper surface of the transom, with the fore part of the
rabbet, and we thus obtain the after upper edge of the tran-
som. It is to be understood that the method just described
for drawing the wing-transom is only an approximation to
truth : thus we have supposed the after upper edge of the
transom a straight line, whereas in reality its projection is
a curve ; but as this description is sufficiently accurate for
our lgresent purpose, we shall reserve any further remarks
on the subject until we explain the method of laying off the
transoms.

Having drawn a line to represent the after u edge
of the wing-transom, the for:p and after extremit?e!:e:)f this
line will be respectively the terminations of the after parts
of the lower ends of the midship and side counter-timbers ;
but before these timbers are described, it will be necessary
to make a few observations on the stern of a ship.

If we imagine the stern to be cut by a vertical fore and The stern.

aft plane, the after boundary of this section, above the wing-
transom, will consist of the hollows of the lower and upper
counters, and a straight line from the upper knuckle to the
top of the side. Moreover, the stern has two curvatures, a
round-up and around-aft. The round-up is variable, where-
as the round-aft (above the u knuckle) is constant.
The round-up of the stern ually increases from the
wing-transom to the taffrail ; that is, the right aft rails,
which include the tuck-rail, the lower counter, upper coun-
ter, foot-space, and breast-rails, have more and more cur-
vature as they ascend. The round-aft of the stern, from
the upper knuckle to the taffrail, is the same in ,equal
breadths ; in fact, the stern is a portion of a cylinder, and
therefore all sections square to its axis, or square to the
rg.kel, which is parallel to its axis, are portions of the same
circle.

We mn¥ now proceed to draw in the midship counter- Counter-
timber. The stations of the upper and lower knucklestimbers.
being determined, draw a circular arc to the hollow of the
upper counter ; and from the lower knuckle to the intersec- -
tion of the upper edge of the wing-transom with the fore
part of the rabbet of the stern-post draw another curve to
the hollow of the lower counter. From the upper knuckle
draw a straight line to the rake of the stern, and we thus
complete the projection of the midship counter-timber.

To draw in the side counter-timber in the sheer plan. Side coun-
At the height of the upper knuckle of the midship counter- ter-timber.
timber draw a horizontal line ; at the distance of the round-
down of the upper counter below this line draw another
horizontal line, on which set off the round-forward of the
upper counter square to the rake. The point thus obtained
will be the upper knuckle at the side. In like manner is
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Laying Off. gbtained the lower knuckle at ‘the side. From the two

knuckles draw in the hollow of the upper counter, and from
the lower knuckle to the fore part of the after edge of the
wing-transom draw in a curve for the hollow of the lower
counter. .

Now if the top-side had no * tumbling home,” the side
counter-timber above the upper knuckle would be parallel
to the midshi? counter-timber ; and further, in proportion
as the “ tumbling home” is great or small, so will the heads
of these timbers approximate to or recede from each other.

To obtain a point for the head of the side counter-timber,
it will be first necessary to draw the round-aft of the stern.
Strike a straight line at pleasure, the length of which is
equal to the breadth of the stern at the lower knuckle. At
the middle of this line erect a perpendicular, and on it set
off the round-aft of the stern; through this last point, and
the extremities of the line, draw a circular arc, from which
we may obtain the sound-aft of the stern, square to its rake,
at any breadth. For instance, to procure the round-aft at
the head of the side counter-timber, set off the half breadth
of the ship at that height from the middle of the chord of
the arc; then take the distance of this point (square to
the chord) from the circular arc; this distance is the round-
aft required, which, when set off square to the midship
counter-timber, determines the aft side of the side counter-
timber at its head. We have now to obtain spots for draw-
ing in this timber between the head and the upper knuckle.

As before remarked, the stern above the upper knuckle
is cylindrical, and as all sections of a cylinder parallel to its
axis are bounded by straight lines, while those sections
which are oblique to its axis are bounded by curves, it fol-
lows, that in the sheer plan the midship counter-timber, as
explained above, is a straight line, while the side counter-
timber is a curve.

Further, as all sections of a cylinder made by a Cilnne
square to its axis are circles, while those sections which are
oblique to its axis are ellipses, it follows, that in the half-
breadth plan the round-aft of a plane, which in the sheer
plan is at right angles to the rake of the stern amidships,
will be circular, while the round-aft in the half-breadth pl‘;.n
of all other planes will be elliptical. ‘

Bearing this in mind, we proceed to show the manner
of obtaining the elliptical round-aft of the level line Q at the
height of the upper knuckle a at the sides (Plate CCCCLIIL.
fig. 81). In the sheer plan, from the point a draw ab at
right angles to the midship counter-timber produced. Pro-
ject the point a in the sheer plan to the middle line of the
half-breadth plan, as e. From e draw ef at right angles to
the middle line, and on ¢f set off the half breadth of the
ship at the lower knuckle. Draw eg. equal to ab, and
throygh g and f draw a circular arc ghf; the radius of which
arc will be equal to half the diameter of the cylinder ; then
will ghf be the round-aft of the stern square to its rake.
Again, in the half-breadth plan draw any number of lines
V‘F,‘;(n, parallel to the middle line, intersecting the round-aft
ghf in the points & and i. Take the horizontal distances of
A and i from ef; and set these distances, off on the line ab
from the point a. Through the points thus obtained on ab
in the sheer plan, draw lines parallel to the rake of the
stern. Square down the points of intersection of the last-
named lines, with the level line Q, to the corresponding
lines W and X in the half-breadth plan. Lastly, through
the intersections thus obtained draw a curve, which will
represent the elliptical round-aft of the stern when cut ho-
rizontally. Further, as all parallel sections of a cylinder
are similar curves, we infer that the round-aft just obtained
will serve for the round-aft of any number of level lines
drawn above the upper knuckle.

Therefore draw level lines above the upper knuckle, at
a distance of from two to three feet apart, both in the sheer
and body plans. Run off these level lines in the half-

breadth plan. Square down the intersections of each of Laying Off.
these lines in the sheer plan, with the-midship counter-tim- “~=v—"
ber, to the middle line of the half-breadth plan. From these

points draw the horizontal round-aft of the stern, and the
intersections of this round-aft with the corresponding level

lines will be the terminations of the said level lines. Square

up these terminations to the respective level lines in the

sheer plan, and through these spots draw a curve, which

will be the projection of the after edge of the side counter-

timber.

To represent the projection of the side counter-timber in Side coun-
the body plan, take the distances square from the middle ter-timbers.
line in the half-breadth plan of the termination of each level
line, and transfer these distances to the corresponding level
lines in the body plan; through the spots so obtained
a curve, which will represent the required projection of the
side counter-timber. (Plate CCCCLIIL fig. 38.)

Following the previous directions, the decks above the Decks.
lower deck may now be drawn.

The joints of the frames are drawn perpendicular to the
keel. The previous explanation on the frame-timbers of a
ship renders any further remarks on this subject unneces-
sary. The ports are drawn to the sheer of the ship. Their Ports.
number, size, and distance apart, of course, depend on the
determined armament.

The main-breadth, top-breadth, top-side, and other lines, Breadth-
have been already explained ; and with respect to the chan- lines.
nels, head-rails, and other details, our limits preclude the
possibility of entering into a description. We must there-
fore conclude our account at present of the sheer plan by
referring to Plate CCCCL., and proceed to a brief de-
scription of the body plan. Fig. 25 represents the body Body plan.

lan. A horizontal Yine is drawn for the upper edge of the

eel. On this line three perpendiculars are raised, at a dis-
tance apart :?ual to half the moulded breadth of the ship.
The middle of these three lines represents the middle line of
the ship, or rather the projection of the vertical longitudinal
plane which divides the ship into two equal parts. The other
two lines are the boundaries of the ship at the widest part,
or dead-flat, @. The curves A, B, C, &c. in the fore-body,
and 1, 2, 8, &c. in the after-body, represent vertical trans-
verse sections of the ship, at the corresponding joints A, B,
C, &c. 1, 2, 8, &c. in the sheer plan. It is to be understood
that these sections correspond to the exterior surface of the
timbers, on the supposition that the plank of the bottom and
top-side is not yet on the ship.

Independent of the joints of the frame, many other lines
in the body plan originate in the sheer plan, as port-sill
lines, top-breadth, top-side, water-lines, &c. We shall pre-
sently describe the manner of transferring them from the
sheer to the body plan. But there are other lines which
may be said to originate in the body plan. Among this class
may be mentioned buttock, bow, and diagonal lines. But- Buttock
tocfvz lines are vertical lines drawn at discretion at any dis- lines.
tance from and parallel to the middle line. They are mark-
ed Nos. 1, 2, 8, &c. Plate CCCCLIL. The position of Diagonals.
the diagonal lines drawn in the body plan is not, however, -
arbitrary, because it has reference to two considerations,
the length of the timbers, and the station of the ribbands
and harpins : thus those marked floor-head, first futtock-
head, second futtock-head, &c. show the lengths of the
floors and futtocks, together with the heights of their heads
and heels above the keel ; while those marked first sirmark, Ribbands
second sirmark, third sirmark, &c. show the heights andand har-
situations of the various harpins and ribbands, which are PIns:
placed between the heads of the respective timbers, in or-
der to give support to the ship whilst in frame. Fig. 30.

The half-breadth plan is in most draughts placed below Half-
the sheer plan, the stations being squared gown to its middle breadth -
line. (Plate CCCCL.). Occasionally, however, the upper P
edge of the keel in the sheer plan answers to the middle line
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Laying Off. of the half-breadth plan, as in Plates CCCCLL, CCCCLIL,
=~~~ and CCCCLIII. This is generally the case in laying off,
because the dimensions of the mould-loft floor would not
admit of any other arrangement. .
From the description of the draught we proceed to ex-
plain the manner of transferring the various lines from one
‘ to another.
Disgonals. To run off the diagonals in the half-breadth plan. From
" the d;:oint of intersection of the diagonal with the middle line
in the body plan, take the distances of the intersection of
every timber with the said diagonal, which distances set
off on the corresponding timbers in the half-breadth plan.
Through the points thus obtained a curve, which will
represent a vertical projection of the diagonal on the half-
breadth plan, not in its original position, but after it is sup-
to revolve until it comes into a horizontal position.
T'he axis of revolution is a fore and aft line parallel to the
keel, being the intersection of the diagonal plane with the
vertical longitudinal plane of the ship. It remains to ex-
" plain the method of ending the diagonals; but before the
process can be clearly understood, it will be ne to
enter into a brief explanation of the rabbets of the stem and
stern-post.
Rabbets of The upper part of the rabbet of the stem, and also of the
the stem, gtern-post, is an equilateral triangle, whose sides are equal to
&e. the thickness of the bottom plank, the middle of the rabbet
being half the distance between the fore and after edges.
But at the lower part of the stem, although the fore part
of the rabbet remains fixed, yet the middle and the after
edges vary considerably from their relative positions at the
upperpartt. .

This variation is technically termed the ¢ opening of the
rabbet,” and it arises from the alteration of the form of the
body. Thus, if we conceive the bow to be of the same
shape above and below, no alteration would be required in
the form of the rabbet. Again, #f the bow were so sharp
near the keel that its horizontal section becomes a fore and
aft straight line, then the ends of the bottom plank should
be cut off square, and therefore in the sheer plan the middle
of the rabbet would coincide with the fore edge. Hence
we see that the middle of the rabbet approximates to or re-
cedes from the fore edge, according to the sharpness or ful-
ness of the lower part of the bow. In general, it will be
sufficiently accurate for all practical p to the
middle of the rabbet at the lower part one third its breadth
from the fore edge, from which point it gradually recedes
from the fore edge till it arrives at the upper end of the
stem, where, as before observed, it is midway between the
fore and after

The same remarks obviously apply to the rabbets of the
stern-post and keel; observing, that with respect to the
keel, the rabbet amidships is an equilateral triangle, the
middle of which is equidistant between its upper and lower
edges, whereas forward and abaft, the projection of the
middle of the rabbet of the keel, in the sheer plan, with
respect to the lower edge of the rabbet, partakes of a simi-
lar variation, as before described with respect to the rabbet
of the stem. In general it should be understood, that that
form of rabbet is to be adopted which most conduces to
its utility as a security of the wooden ends, and the ef-
ficiency of their caulking, so that there shall be no tendency
to set off the buts of the plank.

Ending the For determining the endings of the diagonals, it is
diagonals, further necessary to observe, that the half siding of the
stem and stern-post must be drawn in the body plan, to-
gether with the depths of their respective rabbets ; observ-
ing, that with respect to the stem, it is usual to make it of
a parallel siding from the head to the lower side of the
lower cheek, in order to afford greater support to the bow-
sprit and knee of the head. From the lower cheek down-
wards it gradually tapers to the siding of the keel. The
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stern-post either tapers the whole of 1ts length, or is of a Laying Off.
parallel siding from the head to the lower side of the deck- “~=—v—
transom, from whence it tapers to the heel. From our
ding remarks, it will be perceived, that in the half-
breadth plan the upper diagonals will terminate at the aft
of the rabbet of the stem, and the lower diagonals at
the middle of the rabbet. Hence there will be an inter-
mediate point depending on the comparative fulness and
ess of the bow, at which one diagonal will terminate
both at the middle and at the after part of the rabbet; or
rather this one diagonal will break in fair with both the
middle and after part of the rabbet.

To determine the endings, we proceed thus : In the body
plan take the heights of the intersections of the diagonal with
the outside of the stem, and with the inside of the rabbet ;
transfer these heights to the sheer plan, to the after side
and to the inside of the rabbet; square down these two
spots to the middle line of the half-breadth plan, at which
goints raise two perpendiculars; along the diagonal in the

ody plan take the distances from the middle line to where
the diagonal intersects the inside of the rabbet and outside
of the stem, and set these distances off on the co nd-
ing perpendiculars in the half-breadth plan; thus will be
obtained two points, one of which will be the termination
of the diagonal according to the form of the body, as before
explained.

Or, in the half-breadth plan, with the fore part of the
rabbet as a centre, and the after part of the rabbet as a ra-
dius, describe a portion of a circle, and let the diagonal at
its termination be a tangent to this circle. The after ends
of those diagonals which are below the wing-transom ter-
minate in the rabbet of the stern-post, in a similar manner
to the fore ends in the rabbet of the stem.

The termination of those diagonals which cross the wing-
transom is thus explained. In the body plan, take the dis-
tance square to the middle line of the intersection of the
diagonal with the margin. Set this distance off in the half-
breadth plan, square to the middle line, to intersect the
margin. Through the spots thus obtained draw a perpen-
dicular to the middle line, on which perpendicular set off
the diagonal distance of the intersection of the diagonal with
the m:igin in the body plan. This gives the termination

uired.

mql‘he foregoing remarks will serve to elucidate the plan Water and
of terminating water-lines, and also all level lines which arelevel lines.
below the wing-transom ; excepting that the distances in

the latter cases are taken horizontally instead of diagonally.

To run off the diagonals in the sheer plan : In the body To run off
plan, take the perpendicular heights, that is, the heightsdiagonalsin
square to the upper edge of the keel, of the intersection of'the sheer
the diagonal with each of the timbers, and transfer these
heights to the corresponding timbers in the sheer plan.
Through the points thus obtained draw a curve, which will
be the line required.

These lines terminate forward at the aft side of the rab-
bet of the stem, and aft at the fore side of the rabbet of
the post, at the respective heights of their intersection in
the g?:iy lan, with the sides of the stem and stern-post.

These lines are chiefly required in the sheer plan, when
making a disposition of the timbers of the frame; as by
their means we show the heights above the keel, of the fioor-
heads, first futtock-heads, &c.

To run off the horizontal ribbands in the half-breadth The hori-
plan. Having run off the diagonal planes, as just explain-zontal ribe
ed, in their true form, it will be necessary to obtain thelr?;:m
vertical projections in the half-breadth plan, without ima- preadeh
ﬁining them, as before, to revolve into a horizontal position. plan.

he diagonals, when projected according to this second me-
thod, are called * horizontal ribbands.”

Observe the points of intersection of the diagonal in the
body plan with each timber. Take the horizontal distance
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LayingOff. of each of these points from the middle line, and transfer
~="v="it on the corresponding timber in the half-breadth plan.
Through. the points thus obtained draw a curve which will
terminate both forward and abaft on the same lines as the
corresponding diagonal, only observing that the distances
of the terminations must be taken in the body plan hori-
zontally instead of diagonally.

To run off level lines and water lines in the half-breadth
plan. Take the horizontal distances, from the middle line

"Water and
Jevel lines

’;“'hehhb"f' of the ship, of the intersection of each timber with the
plan. level or water line in the body plan, and set off these dis-

tances from the middle line of the half-breadth plan on the
corresponding timbers. Through the points thus obtained
pass a curve.

The terminations of these lines below the wing-transom
have been already explained.

To terminate the :!ger end of a level line above the wing-
transom. From the sheer plan square down the intersec-
tions of the level line with the aft part of the midship and
side counter-timbers, to the middle line of the half-breadth
plan. From the foremost of the two points thus obtained,
erect a perpendicular to the middle line, and the point where
the round-aft of the stern drawn from the aftermost point
intersects the perpendicular, will be the termination of the
level line.

Without further explanation, this method will serve for
the terminations of the top-breadth, top-side, port-sill, and
other similar lines. The fore ends of these lines may ter-
minate in the half-breadth of the stem from the middle line.
Buttockand  To run off buttock and bow lines in the sheer plan. In
;):‘:hlm;er the body and half-breadth plans, buttock and bow lines
plan. 1" are straight lines parallel to the middle line. To transfer

them from the body to the sheer plan, proceed thus: in
the body plan, from the upper edge of the keel, take the
heights of their intersections with each timber, and set off
these heights on the corresponding timbers in the sheer
lan. Through the spots thus obtained pass a curve. Those
ines which do not cross the wing-transom may terminate
in the sheer plan, at the main-breadth line. Those which
cross the wing-transom terminate at the margin as follows.
Square up the intersection of the buttock-line with the mar-
gin of the wing-transom in the half-breadth plan, to the
margin in the sheer plan. The spot thus obtained deter-
mines the ending of the buttock-line.

To run off the main-breadth line in the sheer and half-
breadth plans. In the body plan this line is a curve pass-
ing through each timber, at its widest part. It is transfer-
red to the sheer plan by levelling in its intersection with each
timber, to the corresponding timbers; and it is drawn in the
half-breadth plan in a manner similar to that before de-
scribed with respect to water-lines. .

We now suppose the draught is complete, and that due
precautions have been taken to make the various curves in
the three plans perfectly fair. We proceed to explain the
method of laying off the more important parts of a ship.
Transfer- It will be unnecessary to allude to the manner of transfer-
ring to the ring the sheer and body plans from the paper on which they
floor. are first drawn to a scale, to the mould-loft, on which

they are to be delineated the full size of the ship. The pro-
cess will be sufficiently obvious to anyintelligent person. We
will therefore suppose the sheer and body plans transferred
Fairing the to the floor of the mould-loft. This being done, the next

Main-
breadth

line.

body. operation is to fair the body, by horizontal, vertical, and ob-
lique sections, which is effected by running off in the half-
breadth plan, according to our previous description, level
lines, buttock-lines, and di na.r lines.

Proof tim- It should be understood, that, forward and aft, it is neces-

bers. sary to run off a few vertical sections nearer together than

the other sections. This is done on account of the sudden
curvature in the bow and buttock of a ship. These sec-
tions, which are called ¢ proof timbers,” may be placed ac-
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cording to discretion ; observing, however, that it is essen- Laying Off.
tial to have one near the end of the wing-transom. S

When the body is perfectly fair on the floor, it becomes Joints of
necessary to get in all the alternate timbers, or rather jointsthe frames.
of the frames, which have been omitted. In the half-breadth
plan, bisect the spaces between every joint already laid off,”
and strike in the new joints, which, like the others, will be
square to the middle line. Then in the half-breadth plan
take the distances from the middle line, of the intersections
of these joints with each of the level lines and diagonals,
and transfer these distances to the corresponding level lines
and din%ona]s in the bedy plan. Thus will be obtained a
series of spots through which curves must be drawn to re-
present the new joints, when all the moulding edges in the
body plan will be complete.

Supposing the body plan complete, the moulds may be Moulds.'
made g;:s the timbers in the square body. With respect to
the floors, it is customary for one large mould to contain
them all, the fore and after bodies being placed on its oppo-
site sides. This mould, for lightness and convenience, is
made of battens; it is connected at the middle line by a
pair of hinges, so that when not in use it may be shut to-
gether, and thus occupy only one half the space. In trim-
ming a floor, after the spots are obtained from the mould
for its curvature, it is sometimes customary to apply the ad-
jacent first futtock-mould through them. With respect to
the futtocks, for the sake of illustration, let us imagine one
frame of the ship (as starboard, K), instead of consisting of
a floor, first futtock, second futtock, third futtock, fourth
futtock, and top-timber, to consist simply of two long tim-
bers, each extending from the dead-wood to the top of the
side, one on either side of the joint. Were we to make a
mould to K in the body plan, it is obvious that it would
give the form of both these imaginary long timbers. The
only difference in the application of the mould would be,
that in moulding the foremost of these timbers the after
side of the mould would be uppermost, whereas in moulding
the after timber, the fore side of the mould would be upper-
most. The reverse would obviously be the case in mould-
ing the larboard timbers. .Now, bearing this principle in
mind, the moulds are made for the various futtocks, con-
forming in their length to the respective diagonals which
denote the stations of their heads and heels. The scantling
of the timbers is marked on the moulds, together with the
stations of the ribbands and bevelling spots. As each edge
of a mould may be used, one mould answers for two timbers,
and their opposites. Where rigid economy is of importance,
one mould may serve for several futtocks, in which case the
various joints are inked on the surface of the mould, and
are bored through the mould to the timber in order to ob-
tain its curvature. This method, however, is not to be ge-
perally recommended, because a set of moulds will, with
care, convert for several ships in succession.

After the moulds are made, it is customary to take the Bevellings.
bevellings of the square body. This subject will, however,
be explained generally under the head of cant-timbers, to
which we now direct the reader’s attention.

We have already explained that the plaae of a cant-tim- Laying off
ber is vertical, and inclined at a certain angle to the longi- the cant-
tudinal plane of the ship; its projection, therefore, in the timbers.
half-breadth plan, will be a straight line inclined to the
middle line.

In the disposition of the cant-timbers, strength and eco-
nowmy should be considered; hence the propriety of dimi-
nishing their curvature and bevelling as much as possible.

No particular rule can be laid down for their number and
disposition, as these must depend on the form of the bow
and buttock of the ship. As a general rule, they should be
placed as square as possible to the body, and be equally
spaced on the main-breadth and middle lines; their sidings,
together with the openings between them, or, in other
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Laying Off. words, their ¢ room and space,” should assimilate as near as the intersection of the cant-timber with the main-breadth Laying Off.
=== may be to the square bo:ﬁ( The hawse-pieces should be line, to the corresponding main-breadth line in the sheer ~=—v—"
Hawse- g9 gituated that they may not be too much wounded by the plan. Transfer the height so obtained to the middle line

Roicht. hawse-holes; and in order that the knight-heads may not of the body plan, through which point draw a level line. |,

hons~ be injudiciously weakened by the bowsprit, their heads In the half-breadth plan, take the distance in the direction

should be separated from the stem, at least in large ships,
by a timber of from six to eight inches siding.

It should be remarked, that in the square body every
other joint only is laid off, the intermediate joints being
drawn in after the laying off may be said to be complete.
But in the cant-bodies every joint is laid off, each joint, as
in the square body, serving to mould the adjacent timbers
on its fore and after sides. Still, if the opening between
the timbers of a cant-frame should be very great, it would
be more accurate to strike in the openings on the half-
breadth plan, and to lay off each timber independent of the
other, that is to say, the after edge of the foremost, and
the fore edge of the aftermost timber.

Supposing the disposition of the fore and after cant-bo-
dies completed as in the half-breadth plans (Plates CCCCLI.
and CCCCLIL.), in which the joints of the cant-frames are
marked ¢, we rroceed to lay them off in the body plan.
This is generally done by one of two methods ; either by
horizontal ribbands, or by level lines. We must here re-
mind the reader, that the square timbers in the body plan,
as A, B, C, &c, 1, 2, 3, &c., are not only projections of the
same timbers in the sheer plan, but they are absolutely the
real shape of the said timbers, on the supposition that the
ship was cut asunder athwartships at those stations. Now,
if we conceive a vertical section_of the bow to be made, not
athwartships, but in the direction of the plane of a cant-
timber, as W, Plate CCCCLL. fig. 27, and if we project
this section to the body plan, this projection will not be
the shape of the cant-timber. But it keeping the plane of
the cant-timber W fixed at its vertical intersection with the
longitudinal plane, we make it revolve round the said in-
tersection as an axis until it comes athwartships, and if in
its new position we project it from the sheer plan into the
body plan, then, as in the square body, we not only obtain
a projection, but also the true form of the timber, to which
a mould may be made for trimming it. We shall now ex-

lain the manner of performing this ingenious process, se-
ecting as an example the cant-timber W in the fore body.

Laying of  To lay off cant-timbers by horizontal ribbands. Observe
by horizon- the intersection of the cant-timber, marked W, with the

tal rib-

of the cant-timber, from its intersection with the middle
line to its intersection with the main-breadth line, and set
off the same distance from the middle line of the body plan,
along the level line just drawn. Proceed in like manner
with respect to the t?-breadth, top-side, port-sill, or any
other similar lines, and we thus procure a series of spots
lthrough which the cant-timber may be continued from be-
ow.

To obtain the ending of the timber. Draw in the beard- Ending the
ing line or the half thickness of the dead-wood in the half-timbers.

breadth plan, parallel to the middle line. e:lwe up the
intersection of the cant-timber with this bearding line, to
the bearding line in the sheer plan. Level in this height
to the middle line of the body plan, where a horizontal line
must be drawn, on which line set off from the half-breadth
plan the distance between the intersection of the cant-
timber with the middle line, and its intersection with the
bearding line. The spot thus obtained determines the end-
ing of the timber.

Having laid off the moulding edge of W, we proceed to Bevelling
lay off its bevelling edges. Parallel to and on either side of edges-

the joint W, draw two lines ac, bd, to represent the sidings
of the adjacent timbers. The side extremities of these lines
terminate like the joint at the top-breadth line ; their mid-
ship extremities are bounded by a small line ab drawn at
riggt angles to the joint W at its intersection with the middle
line.

In our former description we supwed the joint of the
timber to revolve round the point W, until it, the joint,
came into an athwartship position. Now, instead of ima-
gining the joint only to be thus circumstanced, let us sup-
pose the whole cant-frame to revolve round the point W ;
in which case thebevelling edges ac, bd, will become athwart-
ship lines, and ab will become a fore and aft line, and may
be regarded as the middle line, or rather a small of the
middle line, of the ship. Hence, in laying off the two bevel-
ling edges ac, bd, we proceed as was before described for
the joint, with this exception, that we take the cant dis-
tances along ac, bd, from the points a and b, instead of, as
before, from the point W, at the middle line.

upper horizontal ribband in the half-breadth plan, Plate
CCCCLL; take the nearest or perpendicular distance of
this point from the middle line; set this distance off hori-

The bevelling edges are delineated, as just explained, in Bevelling
the body plan, in which plan they fall without, coincide with, of cant-
or fall within, the joint; and these three conditions deter- timber~

bunds.

zontally from the middle line of the body plan, 0 as just to
intersect the corresponding diagonal. In like manner, ob-
tain similar spots from the remaining horizontal ribbands
in the half-breadth plan on all the other diagonals in the
body plan, and if tgrough the spots so obtained a curve
were drawn, this curve would be the projection, not the true
shape, of the cant-timber. Next through all the above-
named spots on the diagonals in the body plan, draw ho-
rizontal lines. In the half-breadth plan, take the distances
along the cant-timber from where it intersects the middle
line to its intersection with each of the horizontal ribbands.
Transfer these distances to the body plan, by setting them
off from the middle line, on each of the corresponding ho-
rizontal lines before named. Lastly, through the spots so
obtained a curve, which curve will be the lute
shape of the cant-timber, which has thus been made to re-
volve round the point W in the half-breadth plan, from its
original position, which was oblique to the middle line, until
iitl cslme into an athwartship position, or square to the mid-

e line.

We have thus delineated the form of the cant-timber at
and below the upper diagonal. To obtain its form at the
top-side, proceed thus. In the half-breadth plan, square up

mine whether the timber has a standing, square, or under
bevelling. Therefore, across a board the breadth of which
is equal to the siding of the timber, draw a line square to
its edges. In the body plan, at the various bevelling spots,
as sirmarks, port-sills, heads, &c. take the nearest distances
of the joint from the bevelling edges, and set these distances
on the right-hand side of the board, either above or below
the square line, according as the bevellings are standing or
under. Then join the points so obtained, and the intersec-
tion of the square line, with the left-hand side of the board.
The anglessz)rmed by the left-hand side of the board, and
the various lines across the board, denote the respective
bevellings at the corresponding stations in the body plan,
which bevellings will be applied square to the curve of the
timber.

For trimming and cutting off the heel two bevellings are Heels of
inst the dead-wood is simply cant-tim-

. The bevelling
the angle formed in the half-breadth plan by the direction
of the timber and a fore and aft line, and is therefore taken
by dplacingr the stock of a bevel to the cant of the timber,
and the tongue to the bearding line.

To obtain the bevelling for cutting off the heel against
the stepping. Square up from the half-breadth plan to the
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2, 8, 4, 5, the middle line, the bearding of the post, theLayingOff.
fashion-pieces, and the wing-transom, are transferred from v~

sheer plan, the intersection of the joint of the cant-timber
with the bearding line. From this point in the sheer plan
erect a perpendicular to the keel. Place the stock of the
bevel to this perpendicular, and the tongue to the direction
of the stepping line, and the required bevelling is obtained.

To lay off the cant-timbers by level lines. The reader
will observe that two processes were necessary in laying off
cant-timbers by the horizontal ribbands ; for, first, we had
to take the square distances of the intersection of the timber
with each horizontal ribband from the middle line in the
half-breadth plan, and transfer these distances to the cor-
responding diagonals in the body plan ; and, secondly, we
hmro to take the oblique or cant distances of the timber with
the same horizontal ribbands in the half-breadth plan, and
transfer them to the body plan. But the method of laying
off these timbers by level lines is far more simple, only
one process being required. Thus, to lay off the joint of W,
take the cant distances from the middle line in the half-
breadth plan to the intersection of the joint with each level
line, and transfer these distances from the middle line of
the body plan, along each of the corresponding level lines.
A curve through the spots thus obtained gives the true form
of the timber.

In considering these two methods of laying off cant-tim-
bers, the reader will remark, that the difference between
them consists in this particular, viz. in the first method, or
by horizontal ribbands, the heights in the body plan along
which the cant distances are set off, are procured from the
half-breadth plan; whereas in the second method, or by level
lines, these heights are already given in the body plan.

But it may be naturally asked, which is the preferable
method ? To this we reply, if the student can rely on the
fidelity of his labours, let him by all means lay off the cant-
bodies by level lines: if, however, he mistrusts the accuracy
of his work, let him adopt the plan by horizontal ribbands.
The reason of this opinion is, that as the level lines cut the
body obliquely, any inaccuracy is more magnified by them
than by the diagonals, which cut the body nearly at right
angles. With this explanation, we leave the choice of these
plans to the discretion of the student.

The bevelling edges are laid off by level lines in the same
manner as the joint, except, as in the former method, the
cant distances are taken from the points a and b, instead of
from the point W. The bevellings of the timber are taken
as explained in the former method.

To obtain the projection of the cant-timbers in the sheer

lan. Square up the intersections of the timber with any
of the lines except diagonals, in the half-breadth plan.
Diagonals are excepted, because in the half-breadth plan
they are not in their natural position, but are supposeg to
revolve into a horizontal position before they are projected
into this plan. Through the spots thus obtained pass a
curve, amr we obtain the projection required.

This operation is necessary for a variety of purposes.
Thus the projection of the fachion-pieces into the sheer
plan, shows the boun of the ends of the transoms.
(Plates CCCCLIL and CCCCLIIL) A like projection of
the other cant-timbers in the fore and after cant-bodies, shows
the arrangement of the heads and heels of the cant-timbers,
and their disposition with respect to the bow and after ports.

To lay off the transoms. As the ends of the transoms are
bounded by the fashion-pieces, it becomes necessary to ob-
tain the projection of the fashion-pieces in the sheer and
body plans. This is done as previously described with re-
spect to any other cant-timbers. In Plate CCCCLIL the
transoms are projected into the half-breadth plan; but as
this creates confusion from the multiplicity of lines, it is
customary to lay off the transoms by themselves, and to show
both sides of the ship. With this view Plate CCCCLIIL
is drawn, where fig. 32 represents the plan of the transoms
in which the square timbers 29, 31, the buttock-lines 1,

.ships, without any sheer.

the half-breadth plan.

In the sheer plan, where the wing-transom intersects the
fore part of the rabbet, a line is drawn at right angles to the
keel. This line is called the perpendicular to the transoms.
A corresponding line is drawn in the plan of the transoms.

Transoms may generally be divided into four kinds.
1st, Those which have a round-up and a sheer: 2d, those
which have a round-up and no sheer: 3d, those which
have neither a round-up nor a sheer, their upper and
lower sides being level both athwartships and fore and
aft ; they are called horizontal transoms: and, 4¢k, those
which are square to the stern-post, or rather as square to
the body as they can be drawn. These are called cant-
transoms; their upper and lower sides are planes.

The deck-transom must necessarily have the round-up
and sheer of the deck. We have supposed the wing and
filling transoms also to have a round-up and sheer to them,
although they are sometimes designed, particularly in small
It is customary to distinguish
the transoms under the deck-transom as No. 1, 2, 8, &c.
They are delineated in fig. 31 as horizontal transoms ; occa-
zional‘.l)y, however, they are canted, as AB, Plate CCCCLII.

ig. 29.
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From the nature of horizontal transoms, as previously ex- Laying off
plained, they will be represented in the sheer and body borizontal

plans by level lines. (Figs. 81 and 33.) This being done,
we have next to make a horizontal section of the ship, at
the upper side of each of these transoms, which will of
course give the curves to which the moulds are to be
made. As the after part of the transoms is terminated
either by the fore side of the rabbet, or by the bearding
line of the stern-post, in the sheer plan take the distance
from the intersection of the upper side of the transom with
the fore part of the rabbet, or with the bearding line, to
the perpendicular of the transoms. Set this distance off
in the plan of the transoms, on each bearding line square
from the perpendicular to the transoms, then by joining
these two points we obtain the after part of the transom
amidships. Again, in the sheer plan, observe the inter-
section of the upper edge of the transom with each but-
tock-line. Take the distances of these intersections from
the perpendicular to the transoms ; transfer the said dis-
tances to thé plan of the transoms, by setting them off
from the perpendicular to the transoms on the correspond-
ing buttock-lines. A curve line passing through these
spots will give the form of the upper after-edge of the
transom, g[‘he accuracy of this curve may be tested thus.
In the body plan, take the distances from the middle line
of the intersection of the upper side of the horizontal tran-
som with each square timber, transfer these distances from
the middle line on each square timber in the plan of the
transoms ; the spots so obtained ought to correspond with
the curve drawn by means of the buttock-lines.

transoms.

To lay off a transom which has a round-up and a sheer, Transoms

it should be understood that the mould given to the work- with a

men for trimming the transom to its round-up is generally round-up
a circular arc, applied square to the sheer; and that theaad sheer.

mould for trimming it to its round-aft is applied flat upon
and bent round its upper surface.

In the sheer plan, at the height of the intersection of the
middle of the transom with the fore part of the rabbet of
the post, draw a line to the sheer of the transom. Con-
tinue this sheer line until it meets the perpendicular to the
transoms, at which point draw a line downwards at right
angles to the sheer line. Fig. 31.

In the body plan, at the height of the upper side of the
transom amidships, draw a level line; draw also a circular
arc to the round-down of the transom, square to the sheer,
the before-named level line being a. tangent to this arc;
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LayingOff-at each buttock-line take the distances of the level line ~ With respect to the wing-transom, it must be observed, Laying Off.

= from the arc, and set them off in the sheer plan, upon the that the margin is of a parallel depth all round. The be- ="y
line drawn square to the sheer of the transom, below the velling of the margin conforms to the direction of the fore g:"sr"l" of
point of intersection of the square and sheer lines. From side of the rabbet of the post. Below the margin the be- ransome

these points draw lines parallel to the sheer, and where they-

vellings are taken as before described.
cut the corresponding buttock-lines, draw a curve which  Moulds may be made to the after lower edges of theMouldsto
will represent the round-down of the transom below the

transoms, which moulds are applied on the under surfaces,the tran-
sheer. To transfer this curve to the body plan, level in through the spots obtained from the bevellings. soms.
its intersection with each buttock-line in the sheer plan to ~ We shall next proceed to lay off the side counter-timbers. Laying off
the corresponding buttock-lines in the body plan ; through

We have already explained the manner of obtaining thethe si
the points thus obtained pass a curve. ‘l'o delineate the

. . . . «__counter-
projection of the after edge of the side counter-timber mﬁm;:uf

curve in the plan of the transoms to which the mould is
to be made, proceed thus. In the sheer plan, observe the

ints of intersection of the sheer-lines with.the buttock-
ines ; take the distances of these points in the direction
of the sheer to the line drawn at right angles with the
sheer. Transfer these distances to the plan of the tran-
soms by setting them off on each buttock-line, from the
perpendicular to the transoms. Through the points thus
obtained pass a curve, which will represent the mould for
the upper after-edge of the transom. This curve may be
corrected, by means of the square timbers, on the principle
before explained with respect to the horizontal transoms.
We may here remark, that, strictly speaking, the buttock-
lines in fig. 82 should have been expanded, by taking their
distances from the middle line in the body plan round the
curve of the transom, and transferring them to the plan of
the transoms. But as the variation would be very trifling,
this operation is unmecessary in practice.

Layingof  To lay off a cant-transom. In the sheer plan, from the
a cant-tran- perpendicular to the transoms, take the distances along the

Bevelings  The bevellin,

upper side of the transom to the intersection of the upper
side with each buttock-line and with the bearding line.
Set these distances off in the plan of the transoms, on the
corresponding buttock and bearding lines, from the per-
pendicular to the transoms. A curve through these spots
will give the form of the transom.

To test the accuracy of this curve, in the sheer plan
project the heights of the intersections of the upper sides of
the transom with the square timbers and buttock-lines, to
the corresponding timbers and buttock-lines in the body
plan. A curve passed through the spots thus obtained will
represent the transom in the body plan. Next, in the sheer
plan, from the perpendicular to the transoms take the cant
distances of the intersections of the transom with the square
timbers and with the fashion-piece. Set off these distances
in the plan of the transoms, from the perpendicular to the
transoms, and through the spots draw lines parallel to
the said perpendicular In the body plan take the horizon-
tal distances from the middle line, to the intersections of
the transoms with each square timber and square fashion-
piece. Lastly, in the plan of the transoms set off these
distances from the middle line on the lines just drawn, pa-
rallel to the perpendicular of the transoms. The spots
thus obtained should correspond with the curve previously
drawn by means of the buttock-lines.
of the transoms may be taken in the sheer

of the tran- gla.n from the buttock-lines, by placing the stock of the

soms.

evel in the direction of the upper surface of the transom,
and the tongue in the direction of the buttock-line. In
this case the stock of thebevel must, when applied, be placed
in a fore and aft direction.

If it be thought more desirable to set off the bevellings
square to the curve, it will first be necessary to lay off the
under sides of the transoms, as before described with re-
:Eect to their upper sides. This being done, in the plan of

e transoms take the shortest distance apart of the upper
and lower sides of the transom, at any assigned station.
This distance denotes how much the transom is under a
square in its depth, and therefore determines the bevelling
at the assigned station,

the sheer and body plans. The fore edge is drawn in the
sheer plan by setting off from the after edge the intended
size or moulding of the timber. To draw the fore edge in
the body plan, square down from the sheer plan the points
where it cuts the various level lines, to the corresponding
level lines in the half-breadth plan; take the half-breadths
of the ship at the points thus obtained, and transfer these
half-breadths to the body plan on the corresponding level
lines. Hence we obtain the projection of the fore edge of
the side counter-timber in the body plan. .

Now it is evident that the lines in the sheer plan repre-
genting the fore and after edges of the side counter-timber
do not give its true form, and that, on account of the tum-
bling home of the side, 2 mould made to the above lines
would be shorter than the timber itself. Hence it becomes
necessary to expand the timber, by making it revolve on a
horizontal axis at the heel until it becomes vertical. This
process is thus performed. In the body plan draw a straight
line, about three fourths of an inch from the upper and lower
Eart of the fore edge of the side counter-timber, as seen in

g. 83, Plate CCCCLIII. This straight line represents
the upper side of the mould; its lower end terminates on
the level line of the wing-transom at the side; it is marked,
in figs. 31 and 33, “ base.® Having all the level lines
marked on this line, imagine it to revolve round its lower
end until it comes into a vertical position ; mark in the
level lines in their new situation, and transfer them to the
sheer plan, in which plan the intersections of the edges of
the side counter-timber with the original level lines are to
be squared up by perpendicular lines to the new level lines.
Through the points thus obtained draw curves for the fore
and after cdges of the side counter-timber in their expand-
ed a‘(;r vertical position. To these curves the mould must be
made.

" Next, in the body plan, take the distances along the va-
rious level lines, from the straight line representing the
mould, to the fore and after edges of the timber. In the
sheer plan let the distances just taken from the body plan
be marked upon the fore and after edges of the mould at
the new or expanded level lines. When the mould is op-
plied on the timber, these distances or spilings are set off
in the direction of the tumbling home. After the outside
of the timber is completed, the inside may conform to the
scantling of the top-side.

We may observe, that instead of the spilings being mark-
ed on the mould, brackets are sometimes nailed on the
mould, corresponding to the spilings. These brackets are
shown in fig. 31, marked 4. In this case, when the outside
of the side counter-timber is completed, the under edge of
each bracket exactly conforms to the timber. For the sake
of illustration, brackets are also shown in fig. 29.

To take the bevellings of the side-counter timber from Bevellings,

the half-breadth plan, place the stock of the bevel to a fore
and aft line, and the tongue to the horizontal round-aft of
the various level lines. In applying these bevellings, the
stock is placed on the mould to the level lines, and the
tongue is placed in the direction of the tumbling home.
We have thus described some of the principal operaticns
in laying off. We have endeavoured rather to illustrate
the general principles than the details of the subject ; and

-’
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ical although in this short treatise many things are necessarily
18- omitted which are of importance, as illustrative examples

of the art of laying off, it will be found to embrace all those
points which are likely to occur in the ship-building of the
present day, or at least render them comparatively easy.

Practical Building.

Ship-build- We now come to the consideration of the branch of our

ing.

tions.

subject to which the term “ ghip-building” may be correct-
ly applied ; that is, the mechanical construction of the fa-
bric of a ship. We have already, in the preliminary re-
marks to the “ Laying Off,” described generally the rela-
tive position of the principal timbers which compose the
frame-work of the hull, and that are necessary to give the
contour of the body. Technically speaking, it is usual only
to apply the term timbers to the frame-timbers of a ship.
We shall, however, for the sake of perspicuity and brevity
of description, adopt the term as one ofP more general
plication, and use it to designate the larger pieces of wood-
work which enter into the construction of the hull. Pre-
viously to any detail, we shall mention severally the various
internal timbers used as supports and ties to the frame, and
the combinations of extema?oand internal plank by which
it is covered. This is necessary in order to render the
subsequent descriptions intelligible to those unacquainted
with the technical names used in ship-building. ¢ must
also refer our readers to the plates which are intended to
illustrate this part of our article, for much information that
may be more easily obtained from them than from descrip-
tion.

The apron is fayed (or fitted) to the after side of the
stem, and is intended to give 'shift to its scarphs ; the lower
end scarphs to the dead-wood. The keelson is an internal
longitudinal range of timbers, situated immediatcly over
the keel, and fayed to the inside of the throats of the
floors, its use being to give shift to the scarphs of the keel,
and to secure the frames down to the dead-wood. The
foremost end of the keelson scarphs to the stemson, which
is intended to give shift to the “ boxing scarph,” or con-
nexion between the stem and keel. The after end of the
keelson formerly scurphed to the sternson, a timber which,
in a similar manner aft, strengthens the connexion between
the keel and stern-post. The keelson is now generally
rounded off short of the heel of the sternson, and latterly
the boxing scarph of the stem has been discontinued. The
additional keelsons, sometimes also called sister-keelsons,
are timbers brought on the inside of the frame on each side of
the keelson, to receive and to diffuse the weight of the main-
mast. Timbers which cross the stemson or keelson for-
ward, for the purpose of connecting the two sides of the
ship, are called hooks. Those which are placed to receive
the ends of the decks are called deck-hooks. Timbers which
for a similar purpose cross the sternson or keelson aft, are
called crutches. These hooks and crutches are frequently
combinations of timber, or of timber and iron. They are
then formed of two half hooks called ekeings, and the
middle or connecting piece. Timbers which are fayed to
the inside of the frame, or upon the inside plank, solely for
the purpose of supporting the frame, are called riders.
Timbers which in a square stern fay to the fronts of the
transoms, and run forward to strengthen the connexion be-
tween the stern and the ship’s side, are called sleepers.
The two sides of the ship are prevented from collapsing by
transverse timbers called beams, which are generally con-
nected. at their ends to the ship’s side by knees either of
wood or iron. The beams are spaced, first with reference
to the mast-holes, to the hatchways, ladderways, or pas-
sages from deck to deck, and other arrangements connected
with the economy of the ship, and then in reference to the
ports, that they may afford support to the artillery.

7

Those beams which do not extend from one side of the Practical
ship to the other are called half-beams ; they are placed in Building.

intervals between the beams that would otherwise be too
devoid of support for the plank of the deck, which is laid
on the upper surface of the beams, and called the flat of
the deck. Timbers worked round the interior of the ship
for the purpase of receiving the beams of the several decks,
are called shelves to these decks ; and those timbers which

are worked uoon the ends of the beams, and also round the -

interior of the ship, are called water-ways; thus, gun-deck
shelf, gun-deck water-way, or upper decr shelf, upper deck
water-way. Chocks, internally, are timbers brought under
the ends of the beams, or under the shelf that is imme-
diately beneath the beams, to support them, and to receive
the bolts of the knees which connect their ends with the
ship’s side. A chock is a name applied very generally to
any piece of timber filling an interval, or supplying a defi-
ciency in any of the combinations, either of timber, or of
timber and iron. Bits are timbers projecting through the
decks, either vertically or slightly inclined, and are used for
facilitating the management of the ropes for the rigging.
The riding-bits are for securing the cable when the ship is
riding at anchor. Standards, generally, now, are timbers
used for supports. as to the bits. On the old system of
building, standards were sometimes placed where they could
only act as ties, as the standard to the stern. There were
also standard-knees on the decks, both to support and tie
the ship’s sides.

The plank, both external and internal, is of various thick-
nesses : a thick strake, or a combination of several thick
strakes, being worked wherever it has been supposed that
the frame required particular support; as internally, over
the heads af:& heels of the timbers; both externally and
internally between the ranges of ports; and internally, to
support the connexion of the beams with the side.

Of the internal planking, the lowest strake or combina-
tion of strakes in the hold is called the limber-strake. A
limber is a passage for water, of which there is one through-
out the length of the ship on each side of the keelson, in
order that any leakage may find its way to the pumps ; and
it is from this that the limber-strake takes its name. A
strake of planking is a range of planks abutting against each
other, and extending, excepting in particular cases to be
afterwards mentioned, the whole length of the ship.

The whole of the plank in the hold is called ceiling.
Those strakes which come over the heads and heels of the
timbers are worked thicker than the general thickness of
the ceiling, and are distinguished as the thick strakes over
the several heads. The strakes under the ends of the beams
of the different decks, and down to the ports of the deck
below, if there be any ports, are called the clamps of the
decks to the beams of which they are supports; as the
gun-deck clamps, middle-deck clamps. The strakes which
work up to the cills of the ports of the several decks are
called the spirketing of those decks, as gun-deck spirketing,
upper-deck spirketing. The upper strakes of planks, or
assemblages of external planks, are called the sheer strakes.
The strakes between the several ranges of ports, beginning
from under the upper-deck ports of a three-decked ship,
are called the channel-wale, the middle-wale, and the main-
wale. The strake immediately above the main-wale is
called the black strake. The strakes below the main-wale
diminish from the thickness of the main-wale to the thick-
ness of the plank of the bottom, and are therefore called the
diminishing strakes. The lowest strake of the plank of the
bottom, that of which the edge is in the rabbet of the keel,
is called the garboard. In merchant-ships the rabbet is
generally worked out of the middle of the side of the keel,
and not, as in ships of war, at the upper part of the side.
Several methods of working this garboard, and the iower
strakes of the bottom, have been lately adopted, both in the
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royal and in the mercantile shipping. One of these plans,
see fig. 87, Plate CCCCLIV., called ¢ Lang’s safety keel,”
from the inventor, Mr Lang, the master shipwright of Wool-
wich yard, has, we believe, been very extensively applied to
the keels and garboards of steam-boats ; and several of Her
Majesty’s ships have been built with their garboards so
workedy. A represents the keelson, B the floor-timber, C
the keel, D the outer keel, E the false keel, F, F solid
pieces continued fore and aft the vessel, as substitutes for
the chocks on the floors and the planking of the bottom.

The pieces of timber, either secured or placed to re-
ceive the heels of the several masts, are callec;) steps, as the
main, fore, or mizen step. The heel of the bowsprit is also, in
small ships, sometimes on a step. In general, the bowsprit
steps on a frame-work, called the bowsprit partners. The
frame-work of timber which is formed round the mast-holes
in each deck is called mast-partners. Partners, generally,
are the principal timbers in a framing formed for the support
of any thing passing through a deck, as the masts and cap-
stans. Carlings are pieces of timber forming a part of the
framing for a deck, lying in a fore and aft direction, and
from beam to beam, to receive the half beams, to aid in
supporting the deck, and for various other purposes. Ledges
are pieces also forming a part of the framing of a deck, ge-
nerally smaller than carlings, and which are placed athwart-
ships in the same direction as the beams. Coamings are
Eieces of timber generally faying on carlings, and raised

igher than the flat of the deck, forming the fore and aft
boundaries to openings in it, as hatch or ladder ways. Head-
ledges in the same manner form the athwartship boundaries
to these several openin

The knee of the head, which has been already inciden-
tally noticed in the laying off, is a prolongation of the fore
part of the ship, principally of use as a security for the bow-
sprit, which is firmly lashed to it by portions of the rigging,
called the gammoning and the bob stays. The cheeks are
knees fayed on each side of the knee of the head, and also
:g;inst the bows, in the direction of the sheer, in order to

rd support to the knee of the head. .

We do not profess that this is a perfect list of the com-
ponents of the hull of a ship. We have merely enumerated
some of the more important pieces, or combinations, of tim-
ber, the names of wl‘:i(::h may occur again in our further re-
marks. It would be impossible, in an article so limited in
extent as the present, to enter much into the detail of prac-
tical building. We shall content ourselves with endeavour-
ing to illustrate some few general principles, which may
guide the practical builder in his arrangements.

There are several very voluminous works explanatory of
the detail of practical ship-building. By far the most per-
fect information on the practice, asit exists in Her Majesty’s
yards, will be found in the very excellent plates to Fincham’s
Outline of Ship-Building. We believe the most modern
work on the construction of the mercantile navy is Hed-
derwick’s Treatise on Naval Architecture, which contains
very minute details of the practical building in the mer-
chants’ yards.

We shall now consider the most important disturbing
forces which are in action, either to injure or to destroy the
several combinations of the hull of a ship. Some of these
forces are inherent to the form of the body, while others
are only brought into action when the body is in motion.
In the theoretical portion of this article it has been ex-
plained, that when the ship is at rest on still water, the to-
tal weight of the vessel is equal to the upward pressure of
the water ; but it does not necessarily follow, that the weight
of every portion of the vessel shall be equal to the upward
pressure of that portion of water which is immediately be-

sections into a number of laminee of equal thickness, which Practical
will all be perpendicular to the vertical longitudinal section, Building-

It is evident that the after lamine comprised in the over-
hanging stern above water, and the fore lamine comprised
in all the projecting head, also above water, cannot be sup-
ported by any upward pressure from the fluid, but their
weight must be wholly sustained by their connexion with
the supported part of the ship. The lamine towards each
extremity immediately conti‘guous to these can evidently
derive a very small portion of their support from the water;
but as their stations in both the fore and the after bodies
approach towards the middle of the ship’s length, a greater
proportionate bulk is immersed, and the upward pressure of
the water is increased ; so that at some certain station from
the middle of the length in each body, the upward pressure
will equal the weight of the superincumbent lamina, and
all the laminae comprising that portion of the body between
these two stations will be subjected to an excess of pressure
above their weight, tending to force them upwards, which
upward pressure will be the greatest at the lamina having
the greatest transverse area of section.

Now, as we know that the total pressure upwards is equal
to the total weight of the vessel, this excess of upward pres-
sure, to which the midship part of the length of the body is
subjected, must be just equal to the excess of weight over the
upward pressure in the parts of the vessel before and abaft
those laminz at which we have represented the pressure and
weight to be in equilibrio.

A ship floating at rest may be considered as a beam loaded
at each extremity with a weight, and supported at two points
in its length, which are at some distance on each side of its
centre, while the part between its points of support is sub-
jected to a force acting upwards equal to the sum of these
two weights. A beam thus acted upon would have a ten-
dency to assume a curved shape ; and it would gradually as-
sume such a form, as the effect of the weights and forces
overcame the rigidity of its particles. This is precisely the
effect of the action on the ship; and the upward curvature,

when it does ensue, is what is technically called « hogging.” Hogging.

As long as the fastenings remain unaffected from the con-
tinued operation of the disturbing forces, and the abutments
of the several timbers and plank composing the fabric also
maintain their close contact, this curvature will not take
place ; but when these become partially deranged, the up-
ward pressure, and the downward gravitation of the several
portions of the body, can no longer be considered as ten-
dencies only to deterioration of the fabric, but as active
agents in the work of destruction.

It does not necessarily follow, from all that has been said, Sagging.

that the hogging will give a regular curvature to the form :
on the contrary, the various actions of the weight and pres-
sure will produce varied effects. Thus, before the introduc-
tion of the additional keelsons, the body frequently “sagged,”
the contrary or opposite curvature to hogging, under the
weight of the main-mast. )

A corresponding action to that described as hogging, takes
place in relation to the breadth of the vessel, especially on
account of the weight of the ordnance; so that the central
portion of the body is subjected to an upward pressure
forcing it above the water, and the outer portions are strong-
ly acted upon by their unopposed gravity immersing them
beneath it. The effects of this action will be modified by
the form of the vessel; longitudinally it produces the up-
ward curvature that we have described, and transversely it
either tends to a separation of the sides both above and be-
low throughout their extent, or, if the ¢ tumbling home”
be great, a separation at the main breadth and below it, and
a collapsing of the sides above it.

neath it.  On the contrary, the shape of the body is such,
that these weights and pressures are very unequal. We
will suppose the vessel to be divided by transverse vertical

Another force tending to alter the form of the ship when Horizontal
she is at rest, arises from the horizontal pressure of the fluid pressure of
on the surface below the load water-section, which tends to the Water.
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reduce the dimensions below that plane, and therefore to
udd to the hogging. '

Though these are the disturbing forces when the ship is
it rest, their action is not confined to that state; they are
Iso in operation when she is in motion. Other injurious ef-
ects are produced by, and belong only to, a state of motion.

If the surface of the sea be, very uneven, 8o that the ship’s

may be over its undulations, her support becomes
variable, and the opposing forces of upwan;’ pressure and
gravitation will have a tendency to produce a corresponding
undulation in the body.

When the ship is on a wind, the lee side is subjected to
a series of shocks from the waves, the violence of which
may be easily imagined, from the effect they sometimes
produce in destroying the bulwarks, tearing away the chan-
nels, and washing away the boats, &c. The lee side is also
subjected to an excess of hydrostatic pressure over that upon
the weather side, resulting from the accumulation of the
waves as they rise against the obstruction offered by it to
their free passage. These forces tend in part to produce
lateral curvature. .Also in this inclined position the forces
which, when she is upright, tend to produce hogging, now
partly contribute to proguce lateral curvature. By experi-
ments made on Her Majesty’s ship Genoa, in the year 1828,
by Mr Moorsom, formerly a member of the late School of
N);wa.l Architecture, he ascertained that this lateral curva-
ture amovnted to one inch and a half on each tack, making
an alteration of form to the extent of three inches, from
being on one tack to being on the other.

Tension of The strain from the tension of the rigging on the weather
the rigging- side when the ship is much inclined, is so great as frequent-
ly to cause working in the top-sides, and sometimes even to
break the timbers on which the channels are placed.
Taking the Ships also, especially those designed for the service of
ground.  commerce, are liable, either from intention or from accident,
to take the ground. This contingency must be provided
against, as has been already mentioned, in the laying off.

These are the principal disturbing forces to which a ship
is subjected. . It must be remembered that they are in al-
most constant activity to destroy the connexion between
the several parts of the fabric ; and that whatever « work-
ing ” may be produced by their operation, tends most ma-
terially to increase their effect; because the disruption of
the close connexion between the several parts admits an
increased momentum in their action on each other, and
the destruction proceeds with an accelerated progression ;
while the admission of damp, and the unavoidable accumu-
lation of dirt, soon generate fermentation and decay. To
make a ship strong, i8 at the same time to make her dur-
able, both in reference to the wear and tear of service, and
the decay of materials. Butthereis one very important consi-
deration which should be remembered in the construction
of all fabrics with so perishable a material as timber ; it is,
that all strength beyond that which is necessary to insure
durability to the fabric equal to the durability of the ma-
terial, is a waste both of labour and material ; or, in other
words, if a ship, built at an expense of L.40,000, will last
twelve years, it would be false economy to expend L.60,000
in building one to last fifteen years.

If, by any means, the durability of wood should be much
increased, it would be also necessary to increase the strength
of the ships built of it, that the durability of the construc-
tion might equal the durability of the material.

Hﬁing as We see from this outline, that the forces which cause the
it hogging, which are the most important disturbing influ-
the struc- ences, commence their action at the moment of launching
ture. of the ship, and are thenceforward in constant operation.
This curvature can only take place by the compression of
the materials composing the lower parts of the body, and
by the elongation of those composing the upper parts.
We therefore have to determine the divisional line sepa-
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rating these two actions, and to form the combinations Practical
above and below this line, to offer opposition in accordance Building.

to the different directions of the strains to which they will ~=—~~—"

be subjected. Dupin, in his able paper on Seppings’ Diago-
nal System, fixes this line of inaction at about the surface
of the water. According to the accepted theory of the
strength of bodies, it would be situated lower than this in
large ships; but the horizontal pressure of the water, al-
ready mentioned, makes the case of a body su;igorted ona
fluid an exception, and the station assumed by Dupin must
approximate nearly to the correct position.

he portion of the ship about the surface of the water
must therefore be considered in the light of a foundation to
the fabric, and should be strengthened, not only to resist
the inequalities of the strains to which it will be itself sub-
jected, especially when the ship is in motion, but also to
constitute it a firm basis, from which to extend supports to
those portious of the hull both above and below it, that will
be subjected to vet greater disturbing forces than itself.

In order to resist the tendency to hogging, the object of
the ship-builder should be to form an incompressible mass
below this line of inaction, and to render tEe body rigid
and inextensible above it ; hence the immense advantage
gained from Sir Robert Seppings’ plan of filling in the
openings in the lower part of the frame, and especially of
the plan which he introduced of filling them with cement
that so far exceeds any timber in hardness. The various
abutments of this part of the body should be as closely fay-
ed as possible. In the dead-wood the buts of the shifts
should all be cut off square to the joiots, and the abutting
surfaces multiplied by the interposition of dowels in these
joints, the abutments formed by which are certain, and hence
the advantage of dowelling the keelson, rather than scor-
ing it over the floors. In this part of the body the length
of the scarphs is not of so much importance as the close
abutment of the lips, to insure which the scarphs should
be keyed. The keel scarphs are an exception to these re-
marks, as they require additional and different security, from
being external openin

The tendency of the hogging will be to alter the angles
formed by the post and the stem with the keel ; therefore it
is necessary to strengthen the connexions of these timbers
by every means which will oppose this tendency, as elon-
slﬁng all the shifts, hooking all the scarphs, and {\;diciously

istributing and supporting all the fastenings. Hence the
advantage of a dead-wood Enee, as adding most considerably
to the strength of the connexion abaft, and enabling a more
regular and advantageous application of the bolts to be
made. This object of strengthening the connexion of the
post and stem with the keel, is therefore the consideration
to be attended to in shifting the after shifts of the after dead-
wood and the sternson, and in shifting the fore dead-wood
with the stem, apron, and stemson, and also in disposing the
fastenings which pass through these timbers. The old plan
of running the keelson aft to scarph with the sternson add-
ed materially to the tie. Another important support to the
stern in line-of-battle ships, is a carling brought up under
several of the after beams of the gun-deck, and secured to
them; its after end being connected to the head of the
sternson by side-plate knees.

There is more necessity for attention to the support of
the stern than to that of the bows, because, when a ship is
under weigh, the after beneath the water, as it has been
already explained, is deprived of much of the pressure to
which it was subjected when at anchor, and therefore the
effect of the gravitation is less opposed. Hence also the
“ cambering,” or curving outwards, of the stern-post. The
cambering of the post might, however, be greatly prevented,
by a tie-bolt connecting it with several of the after beams
of the lowest deck, among which the strain would be dif-
fused by the carlings between them. This might now be
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row end in each plank, to approximate to the growth of the Practical

Practical done even in line-of-battle ships, as they carry their orlop- et
. tree, and to diminish the difficulty of procuring the plank, Buildinz-
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T4 plank-
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Since compression is the action to which the lower part
of the body is subjected, we see the evident inutility of sa-
crificing economy in order to obtain length of shift for the
Elank of the bottom, or, indeed, of making any great sacri-

ce of plank for this purpose'below the surface of the water,
excepting for the foremost and aftermost shifts, at the bluff
of the bow, and under the buttock.

The deck below the water, that is, the orlop, in ships of
the line, and the lower deck in frigates, though near the
neutral line, are below it ; and therefore the action to which
they are subjected is compression, to resist which the ranges
of carlings should be maintained from one extremity of the
vessel to the other, and all their abutments should fit as
closely as they can be got in place.

We have mentioned the keel scarphs as an exception to
our general remarks. They are usually in England verti-
cal scarphs, with coaks raised in the lip-ends of the scarphs,
to fit into mortices sunk for their reception in their but-
ends. These coaks serve as a stop to the caulking, and, in
connexion with the scm?h-bolts, are well devised, in the
event of the curvature of the keel, to enable the scarph to
partake of it, and to prevent leakage. In France, and gene-
rally in the foreign yards, the scarphs of the keel are hori-
zontal. Very lately the horizontal scarphs have been adopt-
ed in the English service. We counsider the vertical scarph
much to be preferred, for the reasons above stated.

In those parts of the ship situated above the line of in-
action, every means shoultr be taken to multiply longitudi-
nal ties. Since, in order to resist compression in the lower
parts of the body, the openingu are filled in, and form a solid
mass ; to produce the opposite effect, that is, to enable the
frame to resist extension, it should be chain-bolted together
towards the upper parts of the body, wherever the continuous
range of bolts can be placed not to interfere with the in and
out fastenings ; as opposite the openings between the shelf
and water-way of the several decks just above the scuppers.
This plan has been pursued in several of the modern sg?ps.
The shifts of the different wales, spirketings, and clamps,
should be long, the regular shift of the buts most carefully
maintained, and the buts of the inside assemblages made
to give shift to the buts of those outside. Sir Robert Sep-
pings’ plan of supporting the fastenings, and compensating
for the weakness of the buts in some of the principal as-
semblages of plank, by dowels into the timbers in the strakes
immediately above and below the buts, is of great utility.
Also the plan of connecting several strakes together by tie-
bolts placed opposite the openings between the timbers in
the frame, where they could not interfere with any fasten-
ing, was admirably ted to diffuse strength, and to pre-
vent longitudinal working of the planks, or the sliding of
one edge past another, from any partial weakness. These
might advantageously be much more extensively applied
than was contemplated in the instructions issued by Sir
Robert ; indeed, to all the internal assemblages of plank in
which they can be driven.

Plank is either worked in parallel strakes, when it is called
“ straight-edged,” or in combinations of two strakes, so that
every alternate seam is parallel. There are two methods
of working these combinations, one of which is called ¢ an-
chor-stock,” and the other “ top and but.” The difference
in their appearance will be best seen by a reference to
Plate CCCCLVIIL, fig. 43. The difference in the intention
is, that in the method of working two strakes anchor-stock,
the but of one strake always occurs opposite to the widest
part of the other strake, and there is consequently the least
possible sudden interruption of longitudinal fibre arising
from the abutment ; therefore this disposition of plank is
used where strength is especially desirable. In top and
but strakes the intention is, by having a wide end and a nar-

.

The shift of plank is the manner of arranging the buts
of the several strakes. In the ships of the royal navy the
buts recur with intervals of three whole strakes between.
In'merchant-ships there are often not more than two whole
strakes between the recurrence of the buts. The regula-
rity of the shift of plank is far more carefully maintained
in English building-yards than in those abroad. )

The fastening of the plank is either ¢ single,” by which
is meant one fastening in each strake through each timber
of the frame which it crosses ; * double,” or two fastenings
in each timber; and ¢ double and single,” meaning alter-
nations of the double fastening in one timber with the single
fastening in the next.

This fastening consists generally either of nails or tree-
nails, excepting at the buts, which are secured by bolts.
Several other bolts are driven in each shift of plank as addi-
tional security. These additional fastenings are far more
plentifully diffused in the royal yards than in those of pri-
vate builders. Whatever system of secvring the plank may
be determined upon, great care should be taken to guard
against a repetition of fastening, which will otherwise occur
from the various bolts that will come through the bottom as
securities to the riders, shelves, water-ways, knees, and bolts
connected with the service of the guns. These bolts should
evidently, for economy, and also for the sake of avoiding
unnecessarily wounding the timbere, supply the place of the
regular fastenings of the plank.

Before copper sheathing was introduced, iron was used
for fastening. Since then, either bolt-nails cast of a mixture
of zinc, copper, and grain tin, technically called “ metal,”
or pure copper bolts, are used in addition to the treenails.
Experiments are now being made in Holland to protect iron
bolts, used for fastening the plank on ships’ bottoms, from
the galvanic action induced by the copper. The bolts are
punched within the wood, and covered with a cement made
of equal parts of lignum vite saw-dust, smiths’ ashes, and
“ minium.” In France also several ships’ bottoms have
lately been iron-fastened, with Roman cement over the
bolts ; they were then felted and sheathed, the sheathing
being secured with copper nails, and the bottom afterwards
coppered. This inquiry as to the possibility of applying
iron for the fastening of ships in connexion with the copper
sheathing, is of great importance, as, independently of the
difference in the expense of the two metals, the difference
in their tenacity is as 995 to 546, or copper is only about
{3 ths of the strength of iron, or little more than one half.

The plank in the royal yards is not usually permanently
fastene(f for some time after it is trimmed and brought on
to the bottom of a ship, but is temporarily secured by
Blake’s screws, and allowed to season and shrink. About
one strake in eight or ten is left out for th:a];‘mrpose of
making good the shrinkage and refaying the strakes. With-
out this precaution there would be such an alteration of
edge as would throw the holes made for the temporary se-
curities out of the ranges of the strakes; but this precau-
tion being taken, it i8 very seldom that the alteration of
edge is such as to require new holes, especially as the iron
screw eye-bolts used for this temporary fastenin% are of
much smaller diameter than the permanent treenail fasten-
ingy and therefore the holes for the screws will make good
holes through the plank for the treenails.

This method of securing the planks in a temporary man- Temporary
ner is of immense advantage in enabling them to be brought fastening.

into close contact with the timbers, in the saving of bolt-
fastenings, and in causing a good and regular seam to be
given for the caulking.

The circumference of the bottom being much larger at
the midship part than towards the extremities, that is, at ¥
the bow and buttock, the lines for the strakes of plank must
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Practical cloge, and the strakes taper as they recede from midships.

uire an upward curve, called “ sny,” which
renders it ﬂcult to work the plank. When the sny be-
comes too great, a strake is ended short of the rest, and
this is termed a ¢ stealer,” as it diminishes the sny for the
succeeding strakes. Under the buttock it is often neces-
sary to work some of the after plank wider at the after end,
which has the same effect of diminishing the sny of the fol-
lowing strakes. “ Hang” is the exact reverse of “ sny.”
It mostly occurs in working plank on the inner surface of
the timbers, and outside above the main breadth.

The various plans for fastening the plank and for secur-
ing the buts wiﬁ be most easily understood by a reference
to Plate CCCCLVIIL. fig. 43.

When the plank is worked and fastened, the seams, or
the intervals between the edges of the strakes, are filled
with %akum, or “ caulked,” with such care and force, that
the oakum, while undisturbed, is almost as hard as the plank
itself. If the openings between the strakes were of parallel
width throughout the thickness of the plank, it would be
impossible to make the caulking sufficiently compact to re-
sist the water. The inner part of the edges of contiguous
strakes should be in contact throughout their length, and
from this contact the edges should gradually recede from
each other to the outer surface of the plank, so that at a
thickness of about ten inches they would be about }#ths of
an inch apart; that is, about vlsth of an inch seam for every
inch in thickness of plank. The practice in the royal yards
is to allow a double thread for every inch in thickness of
gl:snk, and an additional double thread for every five inches;

ides which, one, or sometimes two, threads of spun-yarn
are driven in as a bottom to the oakum. In the merchant-
yards on the Thames, and where the larger merchant-ships
are built, the caulking is nearly the same as in the govern-
ment establishments. But in the smaller ships built at the
outports, the oakum is seldom * bottomed” home to the
inner edge of the seam, the consequence of which is, that
the uncovered edges of the planks decay, and the second
caulking drives the oakum through, after which the seams
cannot long be kept tight.

It is the generally received opinion, that however the
French may have excelled us in designing the body of a
ship, our practical building has always been incomparably
superior to theirs. In so far as the skill of the workman is
involved in this opinion, we believe it to be strictly correct.

The workmanship of English mechanics is probably un-
rivalled, certainly not surpassed by that of any other me-
chanics in the world, either in golidity or in neatness of exe-
cution; but we cannot in justice urge the claim of supe-
riority further.

However weak the French prizes taken during the last
century may have been from defective workmanship, the
materials were in several instances much more judiciously
combined for the purpose of obtaining strength than in the
contemporary ships in our service. Indeed it was not un-
til after Sir Robert Seppings became surveyor of the navy,
that the absurdity of Esving the sheer of the ship and the
sheer of the ports different from each other, was disconti-
nued. The effect of this difference in their sheer was, that
the assemblages of thick strakes brought round the sides
for the purpose of strengthening them, were actually cut off
from being crossed by the sheer of the In the ma-
jority of -the French and Spanish ships taken at so early a
period as the middle of the last century, the sheer of the
ports was the same as the sheer of the ship, consequently
the whole strength of the thick strakes was preserm. The
shelf was also originally copied from the French; and
though they have now discontinued it, it was at the period
of its introduction an important improvement. Also we
have only followed them in the adoption of iron knees for
the security of our beam-ends. In waking these animad-

versions, we speak wholly of the

perfection, of workmanship.

It has become almost a fashion to decry the improve-
ments introduced by Sir Robert Seppings. It would be well,
perhaps, to remember the complaints continually made, of
the weakness of the ships before he became surveyor of the
navy, and to contrast the fleets of England at that time
with the fleets which he left in the service when he relin-
quished the surveyorship. There is no doubt that many of
his plans were imperfect, and are susceptible of great im-
provement. No change ever yet was made, or ever will
be made, that was not and will not be susceptible of yet
further improvement.

We have already mentioned the decks which are situated Decks,

below the line of non-action; those above it must all be con-
sidered as most valuable longitudinal ties. Their sheer has
been most properly much diminished within these last twen-
ty years. It is evident, that for rigidity, decks without any
sheer would be advantageous. The sheer was probably given
them to facilitate the run of water to the scuppers, and may
perhaps be desirable for this purpose; but gertainly, as
strength is lost by their curvature, the sheer of the decks
should be as little as possible. It may be objected, that
perfectly straight decks would be injurious, or at least very
unsightly, in the event of hogging taking place. The ob-
jection is not valid; strength must not be sacrificed in order
to prepare for the occurrence of a contingency which we are
endeavouring to prevent, and which evidently may be pre-
vented for a great length of time, since the various improve-
ments introduced during the last five-and-twenty years have
certainly almost wholly prevented the weakness in ships,
which was before such a source of constant complaints.
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For many years Bri- Practical
tish ships have been unequalled for strength, as well as for Building.
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The only consideration, in fastening decks, is to preserve Fastening

their contact with the beams, and to withstand the action decks.

of caulking : more than enough to effect this object is use-
less, and therefore the numerous bolts introduced with the
system of diagonal decks were unnecessary. It may pro-
bably be proper to observe, that the harder the material
used for the flat of decks, the greater should the quantity
of fastening be, as there will be less yielding of the edge to
the caulking ; and although it is usual to allow more seam
for caulking planks of a hard than of a soft material, the
caulking will bring far more strain on the fastenings of the
harder than on those of the softer ; besides which, strictly
speaking, though it is not practically expedient, seam should
depend upon thickness alone. It may not be improper to
mention here, that the quantity of fastening must increase
with the thickness of the plank, whether of deck or bottom,
which is to be secured ; for the set of the oakum in caulk-
ing will have the greater mechanical effect the thicker the
edge.

The diagonal deck, whatever advantage it might have Di
ag! ag g dl?e':k-xnﬂ-‘

been presumed to possess in other respects, was certainly a
great loss of strength in as far as longitudinal tie was in-
volved, and, we consider, has been most judiciously discon-
tinued. The rapid deterioration arising from the wear oc-
curring across the fibre of the wood, with the additional in-
convenience, that the partial wear along the working pas-
sage of the deck, by crossing every strake, involves the
shifting the whole flat, is alone a strong argument against
any alteration in the system of laying the strakes of deck
fore and aft. Mackonochie pro to lay decks in three
layers, one diagonally from starboard to larboard, another
diagonally from larboard to starboard, and an upper layer
fore and aft. He also proposed a somewhat similar system
for the outside plank, from the garboard to the wales. Mer-
chant-vessels have been built in America, and boats and
steam-vessels in this country, on this system of layers of
planks laid diagonally.

Sir Robert Seppings was apparently aware of the import-
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Building. midship-binding strakes, and introduced dowels to render
their connexion with the beams and with the extremities of
the vessel more perfect and more unyielding than could be
effected by the old plan of scoring down, with its attend-
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the ship has afforded scope for the display of much ingenui- Practical
ty. We have in our plates (CCCCLV. and CCCCLVIII.) Building.
given sketches of those plans which have been adopted in =
the navy of England, amf also of several taken from foreign ¢ mtm
works or observed in foreign yards. There are three things ends to

ant evils from the shrinkage of the materials and neglect of
workmanship. :

The aftermost and the foremost beams of each deck
might be advantageously made to afford support to the pro-
jecting bows, and especially to the raking sterns of the mo-
dern ships, by connecting the bow and stern timbers to
them at each deck by long tie-bolts passing through se-
veral beams, clenched on the aft side of the aftermost for-
ward, and on the fore side of the foremost of them'aft.
These beams should have several ranges of carlings let
down between them, to diffuse the strain. - This would
be far preferable to forelocking the bolt on the fore side
of each beam ; first, because, generally speaking, the strain
would only fall upon one beam, that which was most close-
ly forelocked ; and, secondly, because by experiment we
find that the size of the bolt being the same, the forelock
would give way, or the bolt break at the forelock-holes,
under about one half the strain which the clench would
withstand. ‘

Several Dutch ships have been built with a round-up to
the decks in the direction of the length ; the keels of the
same vessels were built to sag or curve downwards towards
the midships of the length, and the fore and after extremi-
ties were 8o constructed that the longitudinal vertical sec-

" have, we believe, ever been built on this plan.

- Beams.

Iron ap -li-

tion should form an elongated ellipse. Only steam-boats

The beams which support the deck have a curve 1:Ewards,
in the direction of their length, to the middle of the ship,
called the “ round-up.” This is for the purpose of strength,
and for the convenience of the run of water to the scuppers.
Beams are single piece, two, three, or four piece (Plate
CCCCLIV,, figs. 39, 40, 41, 42), according to the number
of pieces of timber which are combined to form them. The
several pieces are scarphed together, and coaked and bolted,
the scarphs being always vertical. Hooked scarphs, with
keys of hard wood or iron driven in, to bring the buts in
close contact, have been lately introduced with much advan-
tage in great additional neatness of appearance, great reduc-
tion of weight, and consequently of materials and expense, by
Mr Edye, the master-shipwright of Pembroke yard, fig. 38.

It is rather surprising, that in the very general applica-

ed to ship- tion of iron for ship-building, the wooden beams which oc-

building.

cupy so much space between deck and deck, and so mate-
riafly contribute to the height of the vessel above the wa-
ter, have not either been superseded by beams of iron, or
at least by wood beams of much less moulding, to which
the necessary rigidity might be given by iron plates at their
sides. An objection to beams wholly of iron would arise
from the great expansion and contraction of that metal un-
der variations in its temperature.

The beams of ships are supported at each end, and the
strain to which they are subjected is a downward pressure ;
consequently the upper part of the beam must compress,
andsetgne lower fibre elongate, before there can be any alte-
ration in the curvature. It is desirable therefore that the
fibre of the wood towards the lower part of the beam should
not be wounded, and that, whether for the purpose of se-
curing the beam, or of security to the beam, no incision
should be made, excepting in the upper, or compressed,
ranges of the fibre, which may be cut through, according
to Du Hamel’s experiments, one half, and according to
Professor Barlow’s, five eighths, of their depth, without im-
pairing the strength. Nay, if the carling or material to be
inserted in the score be of harder texture than that which is
removed, the strength is increased.

The connexion of the ends of the beams to the sides of

to be considered in the connexion of the beam with theship’s side.

side : that it shall act as a shore to prevent the sides from
collapsing ; as a tie to prevent their falling apart; and be
perfectly rigid, that there may be no working.

That the beam may be an effective shore, nothing more
is necessary than that the abutment of the end against the
ship’s side may be perfect. In order to constitute it a tie
between the two sides, it is generally dowelled to the upper
surface of the shelf, and the under surface of the water-way
is dowelled to it. These dowels connect it therefore with
the fastenings of the shelf and water-way, which pass through
the side. There is also in the ships of the royal navy a
plank called a side-binding strake, scored down over and
into the beam-ends, at some distance from the side, and
bolted through the side between the beams. The scoring
into the beams connects the in and out fastening of this
strake with the longitudinal tie of the beam. There are
also the various bolts forming that part.of the fastening of
the beam-ends, whether in the knees or in the chocks, which
passes in and out through the ship’s side.

It will be very easily conceived, from the short outline
which we gave of the disturbing forces acting on a ship,
that the strain on the ends of the beams to destroy the ri-
gidity of their connexion with the side must be very great
when the ship is under sail either on a wind or before it,
that is, either inclined or rolling.

The principal action of these forces is to alter the verti- Forces to
which they

be seen that the action is alternately to decrease and to in-x‘“bj“’"

cal angles made by the beam and the ship’s side ; and it will

crease the angles made by the beam and the part of the
side below it, or, what is the same thing, alternately to in-
crease and decrease the angles made by the beam and the
ship’s side above it. Now the first of these actions takes
place on the lee side ; the gravitation of the weather side,
and all connected with it, of the deck and every thing upon
it, as well as the upward pressure of the water, all tend to
diminish the angle made by the beam and the ship's side
below it, and increase the angle made between them above
it. The contrary effect is produced on the weather side,
the angle above the beam being closed, and that below
opened.

In investigating the nature of the action of these forces, Beams con.
we shall find that in each case the beam may be considered sidered ae
as a lever. The power being supposed to be applied at thelevers.

opposite end of the beam to that at which the forces under
investigation act, the weight being the fastening applied to
prevent alteration in the angle formed by the beam and the
ship’s side, and its action being supposed to take place at
the point in which it should be applied to produce the most
advantageous effect.

The lever is of the first order, that is, with the power and Effect on
weight on opposite sides of the centre of motioh or fulcrum, lee-beam

when its effect on the lee arm is considered ; and it is of 3™

the second order, that is, with the power and weight on the ¢ %

same side of the fulcrum, when its effect on the weather grm,
arm i8 considered.

The object in securing the beam-ends in each case should
be to diminish the effect of the power and increase that of
the weight. We lessen the effect of the power by dimi-
nishing the distance between the point at which it acts and
the fulcrum, and we increase the effect of the weight by
increasing the distance between the point at which it acts
and the fulcrum. In the lever of the first order, that is,
when we are considering the action on the lee arm, this is
accomplished by bringing the support of the under side of
the beam, the midship side of which support is the fulcrum
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of the lever, as far from the ship’s side as it can be extend-
ed consistently with the accommodation of the decks ; and
by having the weight, that is, the security to keep down
the beam-end, as close to the end of the beam, and conse-
quently to the ship’s side, as it can be placed.

In the lever of the second order, that is, when we are
considering the action on the weather arm, the effect of the
power is diminished by increasing the distance between the
fulcrum and the weight. The fulcrum, in this case, is the
support of the lower side of the extreme end of the beam ;
the weight is the strength of the knee, or whatever con-
nexion is intended to tie it to the ship’s side, and maintain
the angle invariable which is formed by them. The effect
of this weight is increased by approaching it to the point
at which the power is supposed to act. Therefore, in order
to resist the action on the weather arm of the beam, the
fulcrum, which, as we have said, is the support of the ex-
treme end of the beam, that is, the edge of the clamp or
shelf which fays to the timbers, should be most firmly con-
nected to them; and the weight, which is the downward
tie, should be extended as far from the side as it may be
consistently. .

The difference of the action to which the two arms are
subjected, soints out therefore at once the principle which
should guide us in all plans for connecting the beams to
the side, and it may not be useless to recapitulate our con-
clusions.

The action on the lee arm requires the extreme end of
the beam to be closely tied down, either to the clamp or the
shelf, as the case may be, and which is necessarily pre-
sumed to be firmly connected to the ship’s side. This ac-
tion also requires the centre of motion to be extended far
from the side, in order to diminish the effect of the power.
Therefore, the downward fastening close to the ship’s side,
and the upward support far removed from it, is that which
is necessary in this case.

The action on the weather arm requiresan exactly different
disposition of the securities. The extreme end of the beam
is here the centre of motion, and is the part which ought
to be supported; and it is the downward tie which should
be as far extended from the side as may be consistently.

It may be urged against these views, first, that if work-
ing be presumed to take place in the lee-beam arm, round
the midship or outer edge of the shelf, the distance between
this fulcrum and the fastenings which keep the beam-end
down will cause greater motion in that end, and greater
strain on the fastening ; and, secondly, that if the weather-
beam arm be presumed to work from the side or inner edge
of the clamp or shelf, the distance between this point and
the fastening intended to keep the beam down, will cause
an increased strain on that fastening.

These objections are both true, but they do not embrace
the correct view to be taken. The object is how to dis-
pose the fastenings in the best possible manner, in order to
prevent working. And this is attained in each case by ex-
tending the distance between the weight and the fulcrum.

In the system of building the ships of the royal navy,
introduced by Sir Robert Seppings, the shelf was brought
upon the clamp (m, Plate CCCCLV.); it is now worked
home to the timbers (¢, %, /), and its front is therefore less
extended from the side. One joint, that between the clamp
and shelf, is avoided by this method, but security to the
beam-end is lost by it. An arm of the iron knee, which
has superseded Sir Robert Seppings’ forked knee, is ex-
tended under the beam to compensate for this diminution
in the width of the shelf; but unless the rigidity of this
arm be such that the fulcrum in the case of the lee-beam
arm, and the weight in the case of the weather-beam arm,
be removed from the ship’s side a distance at least equal to
the diminution in the extension of the front of the shelf
from the ship’s side, the object is not attained.
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point of principle, and combining at the same time simpli-
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city of workmanship, which is another important requisite,m

especially in all iron work, is the plate-bolt (a), frequently
adopted for round-house beams, and for the lower decks of
frigates. The extreme end of the beam is tied downward
by bolts, and supported by the shelf, and the extended
downward fastening is by a dog-plate. These securities,
and the upward support afforded by the chock to that plate,
are, according to the foregoing reasoning, correctly applied,
but are insuflicient in amount of security for the beams of
principal decks, as the downward tie depends wholly on the
clench of the dog-plate. Probably a strap
the beam, as shownin fig. 44, Plate CCCCL VIIL., might be
an advantageous and simple modification of the above plan.
For easiness of execution, and smallness of expense, it would
be better if the strap was merely bent over, and scored into
the top part of the %eam, and the ends brought down and
fastened on the sides of the chock, which would then re-
quire to be only of the same siding as the beam. In this
case there could be no in and out fastening through the
strap ; the only in and out bolts would be those through
thechock. The fastenings of the strap mightbe screws, asin
the French knees (Plate CCCCLVI‘I)I. figs. 45, 46), which

we shall describe. The disadvantage attending this sort of

strap would be, that to obtain an equal degree of downward
security for the weather-beam arm, the chock must be more
extended from the ship’s side than if the ends of the strap
were brought in front of the chock, and took their own in
and out fastening.

passing round Strap,

The extension of the security from the side of the ship Advan-
by means of a chock, is Freferable to gaining the same tages of

breadth by bringing a shel
under it, in so far as extending the support to the beam is
involved ; because the chock presents “ end-grain,” in which
there is comparatively but little shrinkage, to receive the
downward pressure of the weather-beam arm. A well se-
cured and firmly supported clamp is sufficient to resist the
downward pressure of the weather-beam arm ; and if this
clamp be of a sufficient thickness to receive the up and down
bolts through the water-ways and beam-end, that is all that
is indispensable, and this would be little, if any, addition to
the thickness of clamp already usually worked. We there-
fore doubt much whether the shelf might not be advanta-
geously discontinued, and substituted by a clamp with
chocks under the beams, stepping on the projecting edge
of the spirketing. We sha.lr speak of the support to this
clamp when we consider the short stuff between the aKortt;.
Of course this change presu a maximum of advan-
tage to be derived from a.I.{ the other combinations for

strengthening the side. ’

on to the clamp with a chock the chocks.

An objection is urged against chocks, which is, that they Objections
occupy space against the ship’s side; but they afford ato chocks.

security to the beam-ends which cannot be well obtained
without them; and it is questionable whether the foundation
of the objection is correct, because the continuous breadth
of shelf should also be considered, and that effectually pre-
vents a man’s standing erect close to the ship’s side, while
the obstruction from the chocks is only partial, with inter-
vals between.

Roberts’ plate-knee (d, Plate CCCCLV.) is a veryRoberts'
strong method of fastening, as a preventive to any alter- plate-knee.

ation of the angle formed by the beam and the side, pro-
vided the in and out security of the chock to the side is
sufficient to resist the strain that is brought on it. These
knee-plates, together with up and down bolts in the beam-
ends, fulfil all the requisites for a correct mode of fastening,
unless it may be the objection against the chock which we
have stated. The great objection which has been urged
to their use arises from the fore and aft holts through the
beam, which, it is said, are liable to split the beam-end.
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Practical All fore and aft bolts through the beam-end, as they do not
Building. 5ags through the fulcrum round which the beam would

work, are nearly equally liable to this objection, whether
they occur in the same range of fibre or not, because when
motion ensues they must all act to split the beam-end. But
we have already said we do not consider this line of argu-
ment should be urged. The occurrence of working should
not be presupposed in determining securities to prevent it,
because such a course would frequently militate against the
application of the most advantageously disposed preventives
to motion; not however that we are arguing in favour of
fore and aft bolts through beam-ends ranking among these ;
on the contrary, we think they should be avoided.

The foregoin§l observations embrace the main outline of
the principles which should be kept in view in connecting
the two sides of the ship by means of the beams.

The bows, as we have already said, are connected by
timbers called hooks. It is important to remember that the
hooks above and those below the surface of the water are
subjected to an opposite strain. The tendency of the pres-
sure of the water on the bow is to make the sides collapse,
and therefore the hooks below the water’s surface should
not only act as ties to the bow while the ship is grounded,
as, for instance, when in dock, but should be formed more
especially to resist the pressure of the water when she is

oat. Those hooks which are above the surface of the
water act principally as ties, the rake of the bow and the
gravitation of its parts tending to separate the two sides of
the ship. These observations are of little importance when
the hooks are of wood; but when they are formed partly of
wood and partly of iron, they materially affect the applica-
tion of the iron plate. Below water it should evidently
be brought as close to the inner surface of the bows as
possible, and therefore on the fore side of the hook. It
should also be secured to the wooden ekeings, independently
of the bolts which secure the hook to the bows. Veryslight
consideration will suffice to prove, that by these mcans the
utmost advantage is obtained from the materials employed,
to resist the pressure, while at the same time they form
a sufficient tie to support the sides of the bows when the
ship is in dock, before launching, or aground. In made
hooks above the water, the iron plate should be on the
aft side, as far from the bow, and as straight as may be,
that it may be a more effective tie.

We shall now to the several systems of strengthen-
ing the sides, and of preventing the hogging, which bave
been successively introduced.

In the system of building which was superseded by that
termed the diagonal system, the whole of the interior sur-
face of the frame was planked, and a series of internal frames
worked upon thie planking, agreeing in direction with the
timbers of the ship (Plate CCCCLVL fig. 47). They ap-
pear principally to have been intended to support the frame
in the event of the ship’s grounding, as they could add no
longitudinal strength to the fabric. There were about eight
“ bends” ofthe * riders” in three-decked ships, and six
bends in two-deckers. There were other timbers running
up to the top-sides, called breadth, middle, and top riders.
These were more closely spaced than the bends in the lower
parts of the body, and were placed in a diagonal direction
evidently only to avoid the ports. The beams were se-
cured to the side by hanging and lodging knees of wood:
they rested on the clamp, there being no shelf. The wa-
ter-way was merely a thicker strake of deck gouged out, or
“ chined down,” as it is technically called, from the front of
the spirketing, to the same thickness as the flat of the deck.
This chining down is for the protection of the water-way
seam, by keeping it above the run of the water. There
were different methods of shifting the bends of riders in the
hold, several of which we have introduced in the plate.

An enormous quantity of timber was thus massed to-

gether, having the appearance of great strength; but in Practical
fact, from its weight, injudicious combination, disposition, Building.

and fastening, much of it was, if not injurious, at least use-
less. The riders in the hold were no doubt originally ne-
cessarily introduced when ships were ¢ grounded” for re-
pairs ; but that necessity has now ceased to exist. In the
earliest drawings representing them there are * pointers,”
or shores, extending from them at the bilge of one side, to
the gun-deck at the opposite side of the middle line, which
we shall presently refer to.

The system we have described was partially superseded
by single riders in the hold, scarphing to chocks under the
orlop-beams, and running down to give shift to the floor-
heads. The top-sides were supported by standard knees
brought on the deck over the beams; and the beams were
secured by Roberts’ plate-knees brought on the sides of
chocks under the beams. ’

The idea of diagonal trussing was not novel at the time
the system of Si:tﬁ)obert Seppings was first proposed : It
may even be observed in Plate CCCCXLYVI. in the vessel
of the fifteenth century, under repair. In the plates of a
Dutch work of the date of 1697, there are diagonal pointers
in an athwartship direction from the floor-heads on one side,
to the quarters of the upper-deck beam of a two-decker
on the other. Sir Walter Raleigh also mentions this
mode of strengthening ships ; and the Dutch author, Van
Yk, gives the drawing as a representation of the English
system of building at the date of the publication of his work.
Somewhat similar also were those afterwards proposed by
Mr Snodgrass, the surveyor of shipping to the East India
Company, though his were to step upon the keelson and ex-
tend to the clamps of the lowest gun-deck, and were there-
fore less judiciously placed to resist the strain in grounding
than those represented in the Dutch work. Diagonal truss-
ing between the keelson and the gun-deck beams along the
vertical longitudinal section of the ship, had also been pro-
posed, and partial experiments of various diagonal supports
or shores made, both abroad and in England ; but until the
introduction of the diagonal riders and trusses by Sir Ro-
bert Seppings, there had been ne permanent results from
these experiments,

We quote the following description of the system from a
paper communicated by the inventor to the Royal Society,
and which is printed in the Philosophical Transactions for
1814.

“ An accurate conception of the state of a ship’s hold may Diagonal
be formed by referring to the longitudinal section (fig. 48), frame.

which is termed the Jesuit’s perspective, or bird’s-eye view
of the internal part of one side of a seventy-four-gun ship
in a complete state, with tillings in the openings between
tll:e timbers of the frames, instead of the planking over
them.

¢ In this state the diagonal timbers are introduced, inter-
secting the timbers of the frame at about the angle of forty-~
five degrees, and so disposed as that the direction in the
fore is contrary to that in the after part of the ship (as may
be seen in the engraving), and their distance asunder from
six to seven feet or more ; their upper ends abutting against
the horizontal hoop or shelf-piece of the gun-deck beams,
and the lower ends against the limber strakes, except in the
midships, where they come against two pieces of timber
placed on each side of the keelson (called additional keel-
sons), for the purpose of taking off the partial pressure of
the main-mast, which always causes a sagging down of the
keel, and sometimes to an a]armingl degree. These pieces
of timber are nearly as square as the keelson, and fixed at
such a distance from it, that the main step may rest upon
them. They may be of eak or pitch-pine, and as long as
can be conveniently procured. Pieces of timber are next
placed in a fore and aft direction, over the joints of the
frame-timbers, at the floor and first futtock-heads; their



SHIP-BUILDING. 85

Practical ends in close contact with, and coaked or dowelled to, the

acti _to preserve their sheer. This we shall presently endeavour Practical
Building. gides of the diagonal timbers. In this state the frame-work Building.

to prove.

in the hold presents various compartments, each represent-
ing the figure of a rhomboid.

« A truss-timber is then introduced into each rhomboid,
with an inclination opposite to that of the diagonal timbers,
thereby dividing it into two parts. The truss-pieces so in-
troduced into the rhomboid, are to the diagonal frame what
the key-stone is to the arch; for no weight or pressure on
the fabric can alter its position in a longitudinal direction,
till compression takes plg.:e at the abutments, and extension
of the various ties.

« This arch-like progerty of the diagonal frame not only
opposes an alteration of position in a longitudinal direction,
but also resists external pressure on the bottom, either from
grounding or any other cause, because no impression can
be made in its figure in these directions, without forcing the
several parts of which it is composed into a shorter space.

“ The beams are disposed in the new system nearly as
usual, except that in midships, where a ship necessarily re-
quires the greatest security, two additional beams have been
introduced.

“ The beams of the several decks are attached to the
ship’s side in the following manner.

“1st, By shelf-pieces or internal hoops, distinguished by the
letter E. These shelf-pieces are composed of several lengths
of timber, scarphed or joined together by coaks or circular
dowels, 80 as to form a kind of internal hoop, extending from
the hooks forward, to the transoms abaft—(in the plate the
transoms are not shown, as we have chosen the perfected
application of Sir Robert Seppings’ system, after the adop-
tion of the circular stern into the service),—tothe under side
of which, as well as the under parts of the beams, they are
securely coaked, and being then firmly bolted to the side,
instead of becoming a mere local fixture of the beam to the
ship’s exterior frame, as knees were, they are one continued
ms general security. The shelf-piece is also a tic to the
top-side in a fore and aft direction, co-operating with the
trussed frame, as already explained.

« 2dly, By chocks, represented in Plate CCCCLV. (m, o),
which are placed under all the shelf-pieces in wake of the
beams, except the orlop, in such a manner as to receive the
up and down arm of the iron knees. The lower ends of
those under the gun-deck shelf-piece step on the ends of the
orlop-beams ; and those of the several decks above, step on
the projecting part of the spirketing below. The chocks,
particularly those between the orlop and gun decks, admit of
their being driven into their respective places very tightly,
thereby acting like pillars. Another advantage attending
them is their great tendency to stiffen the ship’s side, and
to prevent the beam-ends from playing on the fastenings
when the ship is rolling, or straining under a press of sail.

“ The curved iron-plate knees for securing the orlop-
beams, and the iron forked knees of the other decks, are
described in (») and (m), Plate CCCCLYV.

« The tendency of the ship to stretch or draw asunder
in her upper works being by no means obviated by the
short planks on the inside between the ports, a truss piece
of plank is substituted in lieu of them. which being well
secured at the abutments. very materially aids the trussed
frame, and gives great stiffness, thereby opposing the in-
clination to arch or hog aloft.”

These various alterations from the old system of building
had the effect of very greatly increasing the strength of the
ships of the royal navy. Among so many changes, it is not
improbable that erroneous conclusions may have beendrawn
as to the relative importance of each. We incline much to
the opinion that this has been the case to a very great de-
gree, and that a part hitherto considered as quite subordi-
nate, and now wholly discontinued as useless, was one prin-
cipal cause of the increase of strength which enabled ships

The lower ranges of riders and trusses, which were brought 1=~

on the upper surfaces of the floors and first futtocks, could

have but little effect in preventing arching beyond tlntm.

which arose from the additional resistance they offered to
compression, and the additional rigidity they gave to the
structure in the event of grounding, or of being ashore.
They certainly served as a firm base upon which to erect
a series of riders with diagonal trusses, which were more
advantageously placed to :g':rd efficient support to the ex-
tremities of the body. Yet these upper riders only extend-
ed to the securities of the gun-deck, and therefore not very
far above the line of non-action. Presuming, however, that
this second series of riders was of considerable utility, a
firm base for them might probably have been obtained with-
out s0 much incumbrance to the hold, and consequently
without the objection being urged against it, which was
made to the diagonal riders, of diminishing the stowage.
According to the estimates made by Sir Robert Seppings,
the actual cubical contents of the diagonal frame were less
than those of the ceiling which it superseded.

The trussing between the ports has been discontinued in Trussing
Her Majesty's ships. We cannot but regret the change, as between
we consider this was the most advantageous innovation con- tbe ports.

nected with the diagonal system, and one in which the be-
nefit was unaccompanied with compensating inconveniences.

In investigating the reasons on which we found this
opinion, we shall merely describe the manner in which we
consider this trussing must have acted, to prevent any alter-
ation of form in the upper of the ship.

‘We commence, then, with the gun-deck of a three-decker.
The gun-deck, from its proximity to the line of inaction,
from the support of the trussed e, which extended to
its shelf, and from the wales, may be assumed, at least in a
new ship, as a most firm base on which to raise a series of
supports. At some point on the upper edge of the gun-
deck spirketing, a shore, that is, the truss, firmly cleated at
its heel, extended upwards and aft, in the after-body of the
ship, to the lower edge of the middle-deck clamp, where it
was securely cleated ; immediately above the head of this
shore a second was fixed on the upper edge of the middle-
deck spirketing, and extended upwards to the lower edge of
the main-deck clamp, where it was secured ; and immediate-
ly over the head of this shore a third was secured, on the edge
of the main-deck spirketing, and extended upwards to the
lower edge of the quarter-deck clamp, where it was finally
secured : so that a point in the range of securities to the
quarter-deck was continuously and firmly shored up from a
point in the most rigid and unalterable part of the ship; and,
in the same manner, a series of points along the range of se-
curities to the quarter-deck became shored up from the same
foundation. This is in the after-body. In the fore-body a
corresponding system of shoring ran in an opposite direc-
tion forward, and in a similar manner supported the range
of securities of the forecastle, while each intervening deck
partook of the same advantage.

Radiating as these shores did in opposite directions from
the most rigid part of the ship as their base, while they af-
forded a series of points of support to the principal longi-
tudinal ties, they formed with them a system of triangles;
and the triangle is a figure which admits of no alteration
of form ; for as long as the sides remain the same, the angles
are invariable. It might almost be said to be impossible,
therefore, for the range of quarter-deck and forecastle se-
curities, by which we mean the clamp, shelf, and water-way,
to drop at the extremities, exceptin
pressibility of the materials would admit.

To adapt another, and perhaps a stronger, view of this
system of trussing, we may consider the whole top-sides of
a ship, with the securities of the gun-deck as a base, to

in so far as the com- -
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alternations of firmly secured triangles, so placed. that the
bases of the superior ranges of these triangles derive firm

support from the triangles of the inferior ranges. Con-

sidering the unalterability of form of the triangle, and the
advantage of the pressure being brought upon the end
grain, in which there is comparatively little shrinkage, this
is certainly a mode of constructing a top-side which must
be possessed of great rigidity. In fact, if there was an
error in the system of trussing the top-sides adopted by
Sir Robert Seppings, it was, that he did not extend it to
the extremities, even round the bow and stern, and also
apply a similar system to the short stuff outside between
the ports.

e advantages to be derived from triangular combina-
tions of the timber composing the hull of a ship are yet
but imperfectly appreciated. We have no doubt that great
improvement ‘in ship-building is to be effected by these
means, unless, indeed, timber should be superseded by
iron, and the stupendous and costly line-of-battle ship be
destined to give place to small but powerfully armed steam-
boats. An iron sailing vessel is being built in Scotland, of
between five and six hundred tons burthen. It seems also
not improbable that the introduction of so destructive a mis-
sile as the hollow shot into naval warfare, will render it ex-
pedient to diminish the aggregate loss from their effect, by
lessening the size and increasing the number of the vessels
used in naval battles. This is, however, as yet merely spe-
culative.

Another important part of the diagonal system, as it is
described in the foregoing account given by Sir Robert
Seppings, was the making the bottom a solid mass, by filling
in the openings between the frame-timbers. This we have
already mentioned as most effective in resisting alteration
in form. It possessed a more important advantage, in the
immense additional safety it assured to the vessel in the
event of grounding, or of starting a but of the plank.
The introgrxction of the system of solid bottoms into the

mercantile navy, which Mr Ballingall has so long and so-

strenuously urged, would be an incalculable advantage,
not to the merchant or ship-owner, for the system of in-
surance is their refuge, but to a class of men of equal
value to England with either merchant or ship-owner—sea-
men, whose lives are often most cruelly sacrificed to the
present immunity from pecuniary loss which marine in-
surance guarantees to their employers.

We are no friends to the system of marine insurance.
‘We doubt much whether the evils which have resulted from
it, in the loss of human life, and its attendant miseries to
survivors, the system of gambling which it encourages
among all classes of commercial men engaged in it, and
the fraud and crime which it often occasions, do not more
than counterbalance its advantages, which, after all, may
be summed up in this, that in the event of shipwreck, the
merchant and ship-owner are indemnified for a loss which,
in a majority of cases, would not have occurred had it not
been for the recklessness and carelessness engendered by
the very knowledge that this indemnification was to be
Y{urchased. We here advance no unsu;?)orted opinion: the

eport of the committee of the House of Commons on ship-
wrecks says, “ The system of marine insurance, though
affording the means of protecting individuals from excessive
loss, has nevertheless a tendency, by transferring the pe-
cuniary responsibility for such losses from the owners of
ships to the underwriter who insures them, to induce less
care in the construction of ships, less efficiency in their
equipment, and less security for their adequate management
at sea; in as much as the risk of such loss to the ship-owners
can be covered by a fixed premium of insurance, which,
being charged on the freight, and then recharged on the
goods conveyed, fixes the real responsibility and real loss

ultimately on the public; as all the parties actually engaged Practical

in the transaction can insure themselves from any partici-
pation in such loss, by the aid of marine insurance.” This,
too, is from the Report of a committee composed principally
of merchants, of ship-owners, and of ship-builders. But to
return to our more immediate subject, though we can hardly
call this a digression, connected as it is with the progress of
the science we are writing on.

uilding.

The system of wooden riders, longitudinal pieces, and Modern
trusses "(Plate CCCCLVL. fig. 48), is now discontinued in diagonal
Her Majesty’s ships, and is superseded by a modification of }\0PO"ts%

by Sir Robert Seppings for frigates and the smaller
of vessels. In the recent adaptation of these braces to line-
of-battle ships, there are several material differences from
the original plan. The ceiling, with its thick strakes over
the heads and heels of the timbers, is restored, excepting
that the planking between these thick strakes is laid dia-
gonally, as shown in Plate CCCCLVIL fig. 49. There
are also two ranges of iron riders; the lower range is brought
upon the inside of the timbers of the frame, and the ceil-
ing worked upon and scored over them. The upper ends
of this range of riders extend forward in the fore-body and
aft in the after-body, and the heads run high enough to
turn out upon the orlop clamps, and bolt through them.
The riders of the upper range give long shift to those of
the lower range, and their direction crosses that of the
lower range at right angles. Both ranges are very secure-
ly bolted through the bottom.

It will have been evident from the foregoing remarks,
that we do not consider the hold as an advantageous situa~
tion for any great expenditure, either of workmanship or
materials, simply for the purpose of preventing the altera-
tion in the form of a ship.

After having obtained the greatest degree of incompres-
sibility compatible with the materials used, the next ob-
ject, in this part of the body, should be to insure adequate
ocal strength. to resist the strain of taking the ground;
and we assume it for granted, that it is for this purpose
the thick strakes at the heads and heels of the timbers
have been restored, and also that the lower tier of iron
riders is worked. The placing the ceiling diagonally be-
tween the several assemblages of thick strakes, was proba-
bly with an idea that it wo:El act as a trussing; but, accord-
ing to the views of the action of the disturbing forces which
we have taken in this part of our article, it can have little,
if any, effect in preventing alteration in form, beyond that
of ceiling worke(f, in the ordinary and less costly manner, and
is inferior in other respects.

In the upper range of riders the iron bars are placed with
their upper ends extending inwards from the extremities of
the ship, offering a series of very effective ties, or braces, to
connect the unsupported extremities of the vessel to the
midship, or supported part, and to the firm basis of the
zone about the surface of the water. This series of braces
is unquestionably advantageous, and js also correct in prin-
ciple, as affording support to the extremities of the vessel,
by connecting them with the most unalterable part of the
fabric, and to that portion which is abundantly supported by
the external fluid. We think it probable that the addi-
tional strength resulting to the lower part of the vessel
from the lower range is scarcely adequate to the additional
expense incurred by working them, with all the accessory
fastening and fitting. This method which we bave describ-
ed of strengthening the floor, has not near the rigidity to
resist damage ‘from grounding, of the system that it has
superseded, which certainly did, according to the intention
of the inventor, partake of the nature of an inverted arch,
or rather dome. It has, however, one, and that too a very
considerable advantage, over the wooden diagonal system,
as it offers a fair surface for stowage.

the iron riders or braces, which were formerly only pr«c){)osed m: v

asses building.
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Practicll  The 'system of iron diagonal riders which we have de-
Building. geribed is that adogted in line-of-battle ships. There are

several variations from this system, in its adaptation to the
smaller classes of vessels. The general features are how-
ever the same. The modifications all tend more or less to
simplify it in its details. There are, however, some instan-
ces in which the iron bars have their upper ends extending
outwards, towards the extremities of the vessel, probably in
order to assimilate them to trusses; but this is evidently,
next to the vertical, the least advantageous position they
could be placed in. poe

Of all the modern innovations in ship-building, the al-

teration from the square termination to the round in the
sterns of ships was received with most general reluctance,
so wedded is the eye to the forms it has been habituated
to gaze upon; yet it may be fairly questioned whether, if
cannon had been used for naval warfare when ships were
first built, a square stern would have ever been construct-
ed, and also whether the curvilinear termination to a body,
every outline of which presents curves to the eye, is not
more consistent with the requirements of a correct taste.
Be these questions answered as they may, it is certain that
the alteration was attended with a great local increase of
strength in a part which had always greviously been con-
sidered the most imperfectly combined in the whole hull.
This was in consequence of the various changes in the
timbering which were required to maintain the angles in
the contour of the square stern. (Plate CCCCLIX.) First,
the ends of the transoms were very insecurely connected
with the sides of the ship; then the connexion between
the counter-timbers and the transoms was equally insecure;
and, lastly, the planking along the sides had no connexion
with, and consequently formed no tie to, that on the stern.
In the round stern, the timbers of the frame continue to
give shift to each other, and to be firmly connected to-
gether all round the curve of the stern ; the various inter-
nal supports are uninterrupted ; and the &rincipal planking,
being continued from side to side, binds the whole together,
and makes the stern little inferior to the broadside in local
strength,

The object for which the circular stern was introduced
was not so much increased strength in mechanical structure,
as increased strength in defence from attack. Most of the
modifications of the round stern which have been introdu-
ced to preserve the appearance of the square form, and yet
obtain the same increase of means of defence or of aggres-
sion, have been considerable improvements in point of me-
chanical construction on the old square stern, but they are
certainly inferior to the circular stern in strength. This is
partly in consequence of the great rake given to them, which
also diminishes the advantage that was the object of the
original alteration ; the increase of the means of attack or
defence, as the explosion from the muzzle of the gun will
scarcely clear the ship’s side.

The great extent to which this rake is now carried is
exemplified by comparing the rake of the stern of the
Queen, an English first-rate, which is three feet nine inches
in ten feet, with the rake of the stern of the Achille, a
French line-of-battle ship, which is only two feet two inches
in ten feet. We quite grant the beauty of appearance aris-
ing from the rake of the stern; but beauty of appearance is
not an essential for a ship of war. In fact, we believe
that the stern adapted for a ship of war is yet to be designed,
and that sterns will eventually be towers of strength, nearly
vertical from the counter to the taffrail.

The three modifications of ships’ sterns of which we have
been speaking will ];)erhaps be more clearly understood by
an examination of Plate CCCCLIX.

The drawings (Plate CCCCL.) which we have select-
ed for exemplifying the various plans, sections, and lines
connected with the draught and the laying off, are those of
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the Vindictive, a frigate having an important improvement Practical
in the form of the bow above water, introduced by Mr Building.

Blake, the master-shipwright of Portsmouth yard, by which
her battery for chase is very considerably increased in
strength and efficiency. These advantages are gained with-
out the loss of any strength, and without the addition of cost,
in biilding; so that it is highly to be desired that this ship
should have a fair trial at sea. The stern of this ship is a
modification of the circular formed stern, also from the de-
sign of the same gentleman.

‘We shall now proceed to notice some of the peculiarities
observable in the French practice of ship-building. The
characteristic difference in their system from our own,
which would strike an observer accustomed to English
ship-b:}lding, would evidently be a less expenditure of
material.

The French have retained the old system of frames and French

filling timbers. Fre%uently the frames are close jointed ship-build-
g

throughout their hei
single timbers, as is shown in fig. 50, Plate CCCCLVIIL
The filling timbers are also frequently of fir. Both frames
and filling timbers are chain-bolted. There is no shelf
under the beams, only a thick clamp, and a wide chock
worked upon the short stuff, and up to the beam (Plate
CCCCLV}ﬁL fig. 45). There are generally three side bind-
ing strakes faced one inch on, and scored one inch over
the beams, and bolted together by in and out bolts passing
through the water-way, which is also faced and scored in
the same manner. These bolts are secured with nuts and
screws at the points, on the outside plank.

t, and the filling frames put up as"8

The water-way is not always scored over the beams, but wy¢er.

is sometimes brought plain on their ends (fig. 46). The way.

bolts of the binding strakes, which are then also merely
brought on to the beams, secure its lower edge ; and in both
cases it has in and out bolts through the ship’s side, to se-
cure its upper edge.

The method of connecting the beam-ends with the ship’s Beam-ends.

side, which appears to be most generally adopted in the
French ships at present, consists of a chock under the beam
(fig. 45), securely bolted through the ship’s side, the points
of the bolts being set up with a nut and screw. The beam-
end hooks over the head of this_chock. A plate-knee si-
milar in shape to that """ "~ "Z¢ English service as
Roberts’ kn™"" .un each side against the chock and
beam; butth.  .«es, instead of having a short arm against
the ship’s side tor taking in and out fastenings, themselves
form the bolt, each knee having an arm which is driven
through the side by means of a shoulder worked in the
knee, similar to the shoulder of a dog-bolt. The outer end
is secured by a nut and screw. The security of the plate-
knees to the beam and chock consists only of three screws
in each arm, and one screw in the diagonal brace. These
screws are not above five inches long. Thus the security
of either knee is completely unconnected with that on the
opposite side of the beam.

The wales, diminishing stuff, and plank of the bottom, Pl;nh‘ng.

are all treenail-fastened, the buts are secured with two bolt-
nails in the timber on which the but is placed, and a
through-bolt is driven in the timber next the but. In some
instances the plank is nail-fastened, but whether with nails
or treenails it is double fastened. The treenails are not
caulked on the ceiling, but wedged with conical wedges.
Most of the principal bolts, as those of the water-ways and
chocks, under the beams, are set up outside with a nut and
screw ; and great care is taken to omit the fastening of the
wales and outside planking, whercver these bolts can be
advantageously made to answer as fastenings for them.
There is no regular system observed in shifting the buts
of the plank, as there is in the English service; but the
planks are worked to their full length, without reference to
the shift : the only rule which appears to be observed is, that
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Launching. there shall be about two feet shift between the buts of fol- these supports, and transferred to a moveable base ; and Launching.
~—v— lowing strakes. a platform must be erected for the moveable base to slide "~

Rather an interesting experiment as to the possibility of
diminishing the scantling of the timber, to any great ex-
tent, which is used for building large ships, is in progress
in the French navy. The Surveillante, a mge frigate, was
built wholly of small timber, about ten years ago, and as
yet the reports on the system are favourable.

'{'he following is an outline of the plan on which she was
built.

Small tim- The keel, stem, and stern-post are formed of various pieces

bei.

Launching.

of timber combined as in the section, Plate CCCCLVIIL.
fig. 51.

sThe several lengths of the centre piece, or core, are
scarphed together, while the side or strengthening pieces
only but with plain buts; care being taken that the buts
and scarphs give good shift to each other.

There are in this system no other frames than those which
form the sides of ports, and the timbers composing these
frames are bolted together, without leaving any opening
between them, that is, close jointed. The spaces between
the frames are filled in with single timbers, or rather with
a frame-work of timber fitted together in the manner shown
in fig. 52.

The cant-bodies are framed as in the ordinary method,
the after-body timbered round to the post without transoms
or fashion-pieces.

From the main-deck upwards the scantlings of the frames
are not different from those of a ship of a similar size built
in the usual manner ; but below this line there is a very con-
siderable reduction. This reduction commences at the
lower edge of the gun-deck clamps, and there a couple of
thick strakes are worked up to the lower edge of these gun-
deck clamps, to form an abutment for a series of internal
timbers, brought on the inner surface of the timbers of the
frame, and crossing them at an angle of 45°, the upper ends
being placed forward in the fore-body, and aft in tli:: after-
body. These timbers but at their heels on the heads of a
series of internal floor-timbers, brought on the upper sur-
faces of the floors of the frame. These internal floors are
laid athwartships. The openings between the timbers of
this internal diagonal frame are filled in with wedge-fillin
so that the whole hold presents one smooth surface %t:'
stowage.

Wherever there is an athwartship bulk-head, there is a
system of riders worked on the inner surface of this diago-
nal frame, but taking a vertical direction. The timbers of
these bends of riders are not wrought side by side, but one
series of timbers is worked on the inner surface of the other,
and the bolts pass in and out through both, and through
the bottom. These riders run up to the lower deck, and a
beam is so disposed with respect to each bend of riders, as
to be secured to their heads, and form a part of the system.
-The bulk-heads which necessarily fill in the space between
the beam and the riders run diagonally up on either side
the middle from a midship pillar to the beam and riders.
Each bulk-head is water-tight.

On Launching.

Ships are generally built on blocks which are laid at a
declivity of about #ths of an inch ta a foot. This is for the
facility of launching them. The inclined plane or sliding
plank on which they are launched has rather more inclina-
tion, or about §ths of an inch to the foot for large ships,
and a slight increase on this for smaller vessels. This in-
clination will, however, in sgme measure depend upon the
deg;l,lbof water into which the ship is to be launched.

ile a ship is in the progress of being built, her weight
is partly supported by her keel on the blocks, and partly by
shores. In order to launch her, the weight must be taken off

on. This platform must not only be laid at the necessary
inclination, but must be of sufficient height to enable the
ship to be water-borne, and to preserve her from striking the
ground when she arrives at the end of the ways.

For this purpose, an inclined plane, a, a (Plate
CCCCLVIIL figs. 58, 54), purposely left unplaned to di-
minish the adhesion, is laid on each side the keel, and at
about one sixth the breadth of the vessel distant from it,
and firmly secured on blocks fastened in the slipway. This
inclined plane is called the sliding plank. A long timber,
called a bilgeway, b, b, with a smooth under surface, is
laid upon this plane; and upon this timber, as a base. a
temporary frame-work of shores, ¢, ¢, called “ poppets,” is
erected to reach from the bilgewny to the ship. The up-
per part of this frame-work abuts against a plank, d, tem-
porarily fastened to the bottom of the ship, and firmly
cleated by cleats, ¢, e, also temporarily secured to the bot-
tom. When it is all in place, and the sliding-plank and
under side of the bilgeway finally greased with tallow, soft
soap, and oil, the whole framing is set close up to the bot-
tom, and down on the sliding plank, by wedges, f, f, tech-
nically called slivers, by which means the ship’s weight is
brought upon the “ launch.”

When the launch is thus fitted, the ship may be said to
have three keels, two of which are temporary, and are se-
cured under her bilge. In consequence of this width of sup-
port, all the shores may safely be taken away.. This being
done, the blocks on which the ship was built, excepting a
few, according to the size of the ship, under the foremost
end of the keel, are gradually taken from under her as the
tide rises, and her weight is then transferred to the two
temporary keels, or the launch ; the bottom of which launch
is formed by the bilgeways, resting on well-greased in-
clined planes. The only preventive now to the launching
of the ship is a short shore, called a dog-shore (g), on each
side, with its heel firmly cleated on the immoveable plat-
form or sliding plank, and its head abutting against a cleat
(4), secured to the bilgeway, or base of the moveable part
of the launch. Consequently, when this shore is removed,
the weight of the ship forces her down the inclined plane
to the water. To prevent her running out of her straight
course, two ribbands are secured on the sliding plank, and
strongly shored. Should the ship not move when the dog-
shore is knocked down, the blocks remaining under the fore
part of her keel must be consecutively removed, until her
weight overcomes the adhesion, or until the action of 2
screw against her fore foot forces her off.

Fig. 55 (Plate CCCCLIIL.) will give an idea of a method French me-
practised in the French yards. thod of
It must be observed, that the plan requires a firm foundation aunching.

of fitting the launch which is

to the slipway, and therefore it is not generally applicable.
The two pieces (a, @) which are shown in the figure as
being secured to the ship’s bottom, are the only pieces
which need be prepared for each uhir; the whole of the re-
mainder will be available for every launch. These pieces
were, in the launch fitted to the bottom of a fifty-gun fri-
, seven inches thick on their outer at the mid-
ship bend, and were in length one third that of the ship.
A space scarcely more than half an inch was left between
them and the baulk-timber, which was placed beneath them
(b, b), as it was not intended that the ship should bear on
these baulk-timbers in launching; they are only to support
her in the event of her heeling over. The ship was intended
to launch wholly on the sliding plank (¢), which was fitted
under the keel. This sliding plank was, in the case in ques-
tion, about four inches thick. The groundways were of
baulk-timber, laid about four feet apart, extending across
the slip ; between these groundways stacks of blocks were
built, so that the sliding plank was supported along its whole
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Launchinx-lerch]g]th with scarcely greater intervals than about fifteen
v~ inches between the supports. The slip was cut from out
of the solid rock. :

1-!&"‘-‘““8 Fig. 56 (Plate CCCCLIIL) represents a section of a
::bs;;:ent method of launching a ship which has been coppered on the

slip, and which therefore need not be afterwards docked
for that purpose. This method of fitting the launch avoids
the necessity of docking to remove the launch, by not hav-
ing any part secured to the ship. The two sides of the
cradle are prevented from being forced apart when the
weight of t{:e ship is brought on them, by chains passing
under the keel. Each portion of frame-work composing
the launch has two of these chains attached to it, and
brought under the keel to a bolt a, which passes slackly
through one of the poppets, and is secured by a strong
fore-lock b, with an iron handle ¢ reaching to the ports, at
which, when the ship is afloat, it may be drawn out of
the bolt ; the chain then draws the bolt a, and in falling

docking.
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trirs the cradle from under the bottom. There should be Launching.
at least two chains on each side secured to the fore-poppets, ~=—~—"
two on each side to the after-poppets, and two on each side

to the stopping-up (fig. 54) ; and this is only for the launch

of a small ship. J;‘he number will necessarily increase with

the weight of the vessel.

We close this article with some most valuable tables of Experi-
experiments. The first is compiled from one in Moseley’s ments 6n
Illustrations of Mechanics, the other three we have been
kindly favoured with by Mr Parsons, a member of the late
School of Naval Architecture, and formerly belonging to
Her Majesty’s dock-yard service. These experiments, with
a number of others on various securities, were most care-
fully made by this gentleman; and‘we regret much that
he has not yet made them public to the world, as we are
not aware of any similar information being accessible to
naval architects or to engineers.

« Table of the Tenacities of different Substances, and the Resistances which they oppose to direct Compression.

Substances Bxpertmentsd on. Tﬂﬂt}'«m Name of the Ex. | CRhios Force: Name of the Ex-
8q nch.| P Square Inch. P
‘Wrought iron,
in bars, Russian (mean)...c.ccseesseensccncensenscnnecssences 27 Lamé.
~~  English (mean). Ceenssesesneancrenaae 254 _—
- hammered........c.ccereuenntnniincnenrnniianirenienn 30 Brunel.
rolled in sheets and cut lengthways.......cccce.cuvueeen. 14 Mitis. -«
ditto CUL CTOBSWISE ceveaersanarcennantanenne 18 —_
Cast iron, quality No. 1...ccceeeerecerersenneerecccscsnceneene 6to 73 odgkinson. 38 to 41 Hodgkinson.
- e NOW2ueeeicrrneicnneniensaiiccsssnansesans 6to8 L - .| 87tod8 -—
mm e N0 B ereceerneiaranosnensaessassaes 6 to 93 - 51 to 65 -
COPPer, CaSL..cevercerrasrsersrsasesasssssnsesssncnssssesnonsansone 8} Rennie. 52 Rennie.
e hammered.....cceercercnneiceienncinnreeisionasesaneces 156 —_ 46 -—
D T QRPN RRNIN 21 Kingston. ‘
e WIPC..ieciereencee seseccncrcncenerencoraaceessecssesarase 27% —
Ash, specific gravity, ‘6....cc.cceeveeeiciennecaninecnenceenes 8 Barlow.
9 7 _—
] -— 17 —_
4 -—
5 -—
34 -
6 87 -
6 73 -
6 *86 -—

® “ The strongest quality of cast iron isa Scotch iron known as the Devon hot-blast, No. 3; its tenacity is 9§ tons per square inch, and its resistance tg compression

65 tons.

“ Table of the Adhesion of Iron and Copper Bolts driven into sound Oak with the usual Drift,} not clenched, and
subjected to a direct Strain, as in fig. 57. .

niftis
hole boted for its

an allowance made to Insure sufficlent tightness in a fastening ; it is therefore the quantity by which the d

Iron. l Copper. Iron. I Copper.
Dizmeter z,'}"&.bf Length of the Bolt driven into the Wood. | Dlamster E‘;:%’ Length of the Bolt driven into the Wood.
Bolt. | Experl- Boe. | Eapel- o —_— -~
B | toches. | tnehes. | Inches. Inches. | Tnches. | Tnches. | Inches.
wt.|Tons. Cwt.|Tons. Cwt. Tons. Cwt.| Inches. Tons. Cwt./Tons. Cwt.|Tons. Cwt./Tons. Cw
b U R i B 18 .. 1 ST 03 0] 5 6]
2 2 0 . 0 18 2 3 2/ 6 o0} 3 10| &6 &
L= 3 2 2| ..o | o0o9| .. i 3 3105 0|3 105 8
4 1 13 . 0 18 4 3 10, 6 0| 38 18| 4 18
1 2 6| 2 12 1 71 2 2 1 4 10| 6 2| 4 0} 4 13
2 2 4| 2 11 1 8| 2 2 2 5 12| 56 10| 4 O} 4 13
£ 3 2 4| 2 16 1 10| 2 2 | 0 -] 3 10| 6 11 4 5| 4 19
4 2 0| 2 10 1 13| 2 o 4 4 10 6 4] 4 2| 4 19
1 8 2| 8 12} 2 10| 2 15 1 5 0| 7 2| 4 2| 56 19
2 S 4|1 4 O 1 17 3 10 1 2 4 7| 8 1 4 8 5 0
I -] s 0| 4 0] 2 2|3 1 3 4 11 6 5| 3 16| 6 &
4 2 10| 4 0o 2 6| 2 15 4 4 0|1 7 0| 4 10| 5 O
1 3 2| 6 56| 8- 0 4 b
2 8 0| 4 8|3 6| 3 18
41 8 | s 1[4 8|38 6|3 15
4 3 1 5 0| 2 9 3 &
of a f excesds the & of the
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Experi-  “]In Riga fir the adhesion was on an average about one
F‘::t"e:n?‘. third of that in oak, and in_good sound Canada elm it was
~——~ about three fourths of that in oak.

“ Table of the Strength of Clenches and of Forelocks, as se-
curities to Iron and C. Bolts, driven six inches, with-
out Drift, into sound Oak, either clenched or forelocked on
Rings, and subjected to a direct Strain, as in fig. 57.

Dm :L\;T:;' fron. Copper.
Bolt. ment. Clench. | Forelock. | Clench. | Forelock.
Inch. ‘Tons. Cwt.|Tons. Cwt./Tons. Cwt./Tons. Cwt.
1 (1160161 o|o 8
" 2 1 13| 0 14/ 0 19| 0 8
3 L 9/ 02| 1 o/ 0 7
4 1 9/ 018|1 o/ o0 6
1 3 o1 1] 2 110]|1 4
i 2 3 ofl1 8/ 2 10|1 o
3 2 16|/ 1 9| 2 51 2
4 2 15| 1 14| 2 9|1 4
. 1 4 156] 2 11|38 10{1 18
i 2 4 10| 2 15/ 315/ 1 18
3 4 5| 21014 0| 2 4
4 4 12| 2 12| 4 10| 1 16
1 5 18| 3 15[ 6 o 2 13
2 6 8|3 6|6 15| 2 10
t 3 6 8|3 0|6 5| 2 16
4 6 ol 3 7|6 10| 2 10
1 7 lo|l 8 101 7 of ..
2 7 lo| 8 18| 7 of ..
9 s 8 ofl 3210 7 5
4 8 16| 3 15| 7 8
1 1 1|6 1716
2 1 15| 5-10] 7 16
9| 3 8 U] 4 6|7 12
‘ 4 8 614 15| 7 &
1 12 of.6 18] 7 1
] g 2 (12 3|6 18| 7 1]
3 I 3| 5 12{ 7 14
4 n 1|6 2|8 14

4 In the experiments on the clenches, the clenches always
gave way; but with the forelocks it as frequently occurred
that the forelock was cut off as that the bolt broke ; and
in the cases of the bolt breaking, it was invariably across
the forelock hole. According to the tables, the security of
a forelock is about half that of a clench. 4

« It appears an anomaly that the strength of a clench on
copper ugould be equal to that of one on iron. But, in con-

uence of the greater ductility of copper, a better clench
is formed on it gan on iron. Generally the thickness of
the fractured clench in the copper was double that in the iron.
With rings of the usual width for the clenches, the wood will
break away under the ring, and the ring be imbedded for two
or more inches before the clench will give way.

“With the inch copperbolts, all the rings under the clenches
turned up into the of the frustum of a cone, and allow-
ed the clench to slip through at the weights specified.

¢« Experiments with ring-bolts were made to ascertain

SHIP-BUILDING.

the strength of the rings in comparison with the clenches. Experi-
The rings were of the usual size, viz. the iron of the ring ments on
one eighth inch less in diameter than that of the bolt. It **stenings.
was found that the rings always carried away the clenches,

but that they were drawn into the form of a link with per-

fectly straight sides. The rings bore, before any change

of form took place, not quite one half the weight which tore

off the clenches. It appears that the rings are well pro-

portioned to the strength of the clenches.

« Table of the Transverse Strength of Treenails of English
Oak used as fastening for Planks of three and of siz
inches in thickness, and subjected to a Strain, as shown to
be applied in fig. 58.

Diameter of the Treenails.
Number linch. | MiInch. | Ijnch. | IfInch.
Experi- Thickness of the Plank.
3In. | 6In, | 8In. | 6In. | 3In. | 6In.| 8In. | 61In.
T. ¢.|T. ¢.|T. ¢|T. ¢.|T. c.|T. c|T. c|T. c
1 1 8({1 7|114|2 8|2 0|312|3 0{510
2 1 71115(2 2|2 2|2 6[|210|210(3 13
3 1 2|11 8|117|219|215(210|4 0{4 O
4 1 5“1 812 212 2|12 4|312|2 8(3 8
] 212|1 812 2|115|218|2 6|3 10(4 0
6 2 2|1 712 9{210|2 6[2 5({310(5 8
7 2 4111012 8[({210(|3 7|2 5|3 565|312
8 1 6|2 8|2 7|2 0|2 5|3 0|3 b5|318
9 1 8|1 8|212(210|8 0|4 0{4 6(413
10 1 2|12 3/2101215)|8 0(|410(3 8(4 O
11 2 0|12 0({2 7|2 0|3 9|218|{4 0(3 8
12 1 8|1 7|210]12 0|4 2|3 0j410|6 O
13 1162 8|(217]|2 0|3 2|3 18|4 2(56 &
Average|111|113|2 6|2 6|216(3 2[(310'4 6

¢ In all these experiments on treenails, when the tree-
nails were evideutly good, they gave way gradually. In
some of the rejected experiments, however, the treenails
certainly did break off suddenly, but then they were evi-
dently on examination either bad or over-seasoned tree-
nails. It is no uncommon remark in caulking down the
bottom of a vessel, that the caulkers break off the treenails by
caulking, and that they hear them crackor break off suddenly.
Now I do not believe that this cracking of the treenails takes
place so frequently as it is supposed. What the men hear
is the starting of the plank on the different fastenings. It
has been asserted that the treenails made from the Sussex
oak are much stronger than those made from the New Forest
timber, or any other English oak. To ascertain the truth
of this assertion, some experiments were made with Sussex
and New Forest treenails of all sizes; and the result was,
that there was not the least difference in them, the New
Forest were on experiment quite as strong as the Sussex.

“In the experiments on treenails, the plank generally
moved about half an inch previous to the fracture of the
treegail.” (s.2)
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Section or'a First Rate Ship o' War, showing the various Flans which have leen
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