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PREFACE TO THE SECOND EDITION.

THE matter contained in this volume has been mainly gath-
ered from sueh standard works as those of Seott Hussell,
Rankine, Murray and Knowles,- with some assistance from
Fairbairn, Fishbourne, Marrett and Peake—the object in view
being to farnish o text-book for the use of the students at the
United States Naval Academy,

A naval officer of fair mathematical ability can readily make
himself familiar with all the essential principles governing the
design of 4 ship, as well as the method of making the necessary
calenlations ; but to become a riaval constructor is guite another
thing, and needs the long and patient apprenticeship of the
“ mould-loft™ and ship-yard. Yet there is no more mystery
about naval construetion than about steam-enginery ; and any
intelligent officer may soon be theoretically, at lesst, conversant
with both, while the importance of acquiring such knowledge,
in these days of progress, is self-evident.

In accordance with these views, this compilation has heen
made, and is now submitted for the consideration of my brethren
of ,the naval service.

Corp Brrira, N. Y., June, 1868,



CONTENTS.

NAVAL ARCHITECTURE.

CHAPTER I.

PAGH

THE SCIENCE OF NAVAL ARCHITECTURE.........ccomiurmmessriresssssasecsssessassussssorsssssssasss 17
CHAPTER I1I.

THE ART OF SHIP-BUILDING..ovruseeuseescerecesessesssenensssssssssnsssmssssssssasssassas massssssssssss 19
CHAPTER III.

THE METHODS OF PROPELLING SHIPS......cocrirremceesissesssmsssssmmsssassssssssssasssasssosses 23
CHAPTER 1V,

DIFFERENT CLASSES OF SHIPS FOR PEACE OR WAR..omiiimmssmismimnsnssssansises o7
CHAPTER V.

GENERAL CONDITIONS OF THE PROBLEM OF NAVAL ARCHITECTURE............... 31

CHAPTER VI.

DISPLACEMENT—HOW TO MAKE A SHIP SWIM AND CARRY.....c.cccoovrmmanerancinnn. . 39
9



10 | CONTENTS.

CHAPTER VII.

BUOYANCY—POWER OF WATER TO FLOAT BODIES HEAVIER TﬁAN ITSELF..... 4

CHAPTER VIII.

STABILITY—POWER OF WATER TO MAKE A SHIP STAND UPRIGHT.................. 49

CHAPTER IX.

STABiLITY—-POWERS OF “SHOULDER” AND UNDER-WATER BODY....ccovvurenrenen.. 53

CHAPTER X,

ON THE PROPORTIONS WHICH MAKE A STABLE OR UNSTABLE SHIP............... 60

CHAPTER XI.

THE METHOD OF MEASURING STABILITY ...ccctttttirerieeeeemirsrinrennreressseesesennnnnsseessnsnsnes 64

CHAPTER XIL

STABILITY—POWERS AND PROPERTIES OF THE “SHOULDERS”....ccesevievevvveneenrens 70

CHAPTER XIII.

HOW TO GIVE A SHIP STABILITY WITHOUT GREAT BREADTH OF “SHOULDER” 72

CHAPTER XIV.

HOW TO MAKE A SHIP DRY AND EASY.iiicitieensrorsenrnreeeeesnseeesessesseosseresscsseseessnnnes T8

CHAPTER XV,

ON LONGITUDINAL STABILITY....cccecetreesrevscrsrerrarnererseeressanssaranssonserssseneecssssnneesssnnennnnen 85

CHAPTER XVI.

ON THE QUALITY OF WEATHERLINESS, AND HOW TO GIVE IT....ccccovrrriereereen. 88



CONTENTS. 11

CHAPTER XVII.

PAGE
HOW TO MAKE A SHIP HANDY AND EASY TO STEER....cccwessmmnersssrsresessone 95
CHAPTER XVIII.
OF BALANCE OF BODY AND BALANCE OF SATL.ucciiitimvemseemsissossisensnesessesssnsens 08
CHAPTER XIX,
OF THE PROPORTION, BALANCE, DIVISION AND DISTRIBUTION OF SATL........... 106
CHAPTER XX,
OF SYMMETRY, FASHION AND HANDINESS OF SATL..cicrecrmrrrescrrenssrsomsessasess osens 129

CHAPTER XXI.

HOW TO DESIGN THE LINES OF A SHIP ACCORDING TO THE “ WAVE” S8YSTEM 135

CHAPTER XXII.

THE “WAVE” SYSTEM OF CONSTRUCTION COMPARED WITH OTHER SYSTEMS,
AND ITS ADVANTAGES.....ciittttiiittr ittt it ittt teeee cerannsarstresesessessss bosens onsassnnnns 153

CHAPTER XXIII.

ON THE FIRST APPROXIMATE CALCULATION OF A DESIGN.oveeeeeeeeurereeeremesmmmmemnns 163

CHAPTER XXIV,

SHIPS FOR WAR ..ottt ittt ittt iitieniittnnisiiissassesisanssen sessee sos sss see seneresssssanesssersare senannnns 184

CHAPTER XXV,

DRAWINGS AND MODELS....ceutietiitiitiiiiiniintiininneeniintneserrsarsonssaeressessssssses sresesniasessansene 198

CHAPTER XXVI.

CONSTRUCTION . ..evteeette sereererssreseseseessessesassssasssssssns oressosseeeets et oo e e e et e oo evens 205



12 CONTENTS.

CHAPTER XXVII.

PAGE

CURVE OF SECTIONAL AREAS APPLIED TO NAVAL CONSTRUCTION........ cecerenenee 216
CHAPTER XXVIIL
MAKING THE CALCULATIONS.ccciciiiiittttertoiteteaistssntctesiocscansesstsossesssssssstosssesasssssassansas 220
CHAPTER XXIX.
SUMMARY OF NAVAL DESIGN ON THE “WAVE” PRINCIPLE....ccccoccetettorancenasianns 247
CHAPTER XXX.

HOW TO SET ABOUT THE DESIGI(T OF A MAN-OF-WAR.....cotttatrrrrarerenccncanncnaasacnns 258

CHAPTER XXXI.

PRACTICAL METHOD OF ASCERTAINING THE CENTRE OF GRAVITY OF A MAN-
OF-WAR WITH ALL HER WEIGHTS ON BOARD AI\‘ID READY FOR BEA......... 265

CHAPTER XXXII.

STOWAGE AND TRIM....icoiieiuiimiiiuitiiiiiieieiisocesssisrsesessensesssscnsssss tossssssssstsssssssssssssssrsssess 272

SHIP-BUILDING.

CHAPTER 1.

ON THE NATURE OF THE WORK TO BE DONE BY THE SHIP-BUILDER............ 279

CHAPTER II.

MATERIALS FOR SHIP-BUILDING........cccovernennes Caeneurieenssssasetastesessinsennsnsreasnrssrssessatsane 284

CHAPTER III.

SHAPING AND TOOLS FOR IRON AND WOODEN SHIP-BUILDENG.....ccoccorertnrivernnans 294



CONTENTS. 13

CHAPTER 1V,

PAGE

ON LAYING DOWN AND TAKING OFF....ccceoeeererrermernnn, et esnsasssnssasssssnans 304
CHAPTER V.

SHIP-BUILDING YARDS...cusuteuseimsivreesessnssersmmsnnssssssesesseesemsessssssn sos s s soesons rereeraessn 312

CHAPTER VI.

BUILDING-SLIP—BLOCKS ON WHICH THE SHIP IS BUILT—I';AYING THE KEEL
AND RAISING THE STEM AND STERN-POST......ceocvveeeterereererressssssomossesssssnnss . 314

CHAPTER VII.

TIMBERS OF THE FRAME—HOW WORKED AND RAISED IN WOODEN SHIPS—
FRAMES OF IRON VESSELS.....coeoiviunieirisinesmuerenressienessmsessesssssesssesossssesesesene s, 323

CHAPTER VIII.

TIMBERS OF THE FRAME, CANT BODIES, BTC...cc.ceueveereeereesesssssssomsseeneosesssnsssoses 334

CHAPTER IX.

STRENGTHENING THE FRAME—FILLING IN—DIAGONAL BRACING AND FAST-
ENING coiet ettt sttt s st veaesaesnatestsses sesesees e se svessosesemsms e 316

CHAPTER X,

THE SHELF, WALES AND PLANK OF BOTTOM—HOW WORKED AND FASTENED
IN WOODEN SHIPS—PLATING AND FASTENING IRON VESSELS—DIFFERENT

MODES OF CONSTRUCTING THE LATTER-.....cceccieierireircreeeesereeseesreseseseseoon oo 351

éHA,P;BER XTI.

GETTING IN THE BEAMS AND INSIDE PLANK, FRAMING THE DECKS, ETC., ETC. 364

CHAPTER XII.

BREAST-HOOKS AND CRUTCHES-*DECK-HOOKS AND TRANSOMS—HATCHES AND
SCUTTLES—BITTS AND STOPPERS—HAMMOCK NETTINGS—CIIANNELS—FAST-
ENINGS, ETCurvruvuervuuruisitsasieruaeseseescansosses s seesssensseesesessssssesssssessss s eoeoesseseeeessesseose 377



14 CONTENTS.

CHAPTER XIII.

ON COMPOSITE SHIPS........ Nestersaestsiernistettnnttsntataenttaaetees tarases eevssesassees sessnrsssenonsassrsanons 394

CHAPTER XIV.

CAULKING IRON AND WOODEN SHIPS—PROTECTING THE BOTTOMS OF WOODEN
" AND JTRON VESSELS.iiittceetuiituerssierestcsrornrseenciscrasancatsnonsssssttascssssessstssssns sassassonsasses 397

CHAPTER XV,

GENERAL FITTINGS OF THE HULL—RUDDER, WHEEL AND STEERING GEAR—
ANCHOR FITTINGS AND CAPSTAN—PUMPS—VENTILATORS—BOATS—INTER-
NAL ARRANGEMENT OF A SCREW FRIGATE........cccccmvniiiiiaiiiiienn teveesessaseesrsinaee 402

CHAPTER XVI.

TAUNCHING—VARIOUS METHODS...ccc0eereeneene e eeeseeresesenestesnttesasesasarannessisanes erenssresssnenes 420

CHAPTER XVII.

DOCKS—DOCKING SHIPS—HINTS ON REPAIRING WOODEN SHIPS.....ccoeveererenens 428

CHAPTER XVIII.

ON THE DIMENSIONS OF THE MATERIALS USED IN SHIP-BUILDING—SCHEME
OF SCANTLINGS, ETC........... eeeesmene.sivesteestestestsisattensaesasseraaseaartetesetnaeetrreantesartiosans 435

CHAPTER XIX.

EXAMPLE OF GENERAL DIRECTIONS FOR BUILDING A SIDE-WHEEL MAN-OF-
WAR STEAMER OF THE FIRST CLASS, LIKE THE “POWHATAN” OR “B8US-
QUEHANNA ottt st s s esetssesseiisines srasseesnanstacsntonsesnsetes 442

VOCABULARY.

AN EXPLANATION OF THE TERMS, AND OF SOME ELEMENTARY PRINCIPLES,
REQUISITE TO BE UNDERSTOOD IN THE THEORY AND PRACTICE OF NAVAL
CONSTRUCTION tteurtcaateenrerssssssssasesssrisassssassssssossasensssssssssssssssssssssessssanssssesssnessstasssss 455



NAVAL ARCHITECTURE.



NAVAL ARCHITECTURE

CHAPTER"I.

THE SCIENCE OF NAVAL ARCHITECTURE,

THE Science of Naval Architecture treats several chief problems:

1st. How to make a ship swim.

2d. How to make her carry heavy weights.

od. How to make her stand upright when the waves or the winds
try to upset her. ‘
- 4th. How to make her obey the will of her commander.

oth. How, in addition to all these, to make her go easily through
the water at high speed.

Subordinate to the above are the following :

6th. How to give a ship a given draft of water and no more;
Jirst, when she is light, and second, when she is laden.

7th. How, with the given draft of water, to prevent her oversetting
when she is light, and rises high out of the water ; and how to pre-
vent her being overturned by the great burden laid upon her when
she is heavily laden.

8th. How, when a heavy sea strikes on one side of the ship, to
prevent it from rolling into her, without, at the same time, heeling
her so far over as to expose her to danger on the other side.

9th. How to make her bow rise to the sea, s0 that the waves may
not roll over her deck, without, at the same time, making her rise so
far as to plunge her deeply into the succeeding hollow, and make her
uneasy and slow.

10th. How to make her stern of such a form that, when seudding,
the sea shall not break over her poop.

2 17



18 NAVAL ARCHITECTURE.

11th. How to make her so stiff on the water that the pressure of
the wind on her sails shall not upset her, without, at the same time,
giving her so much stiffness as to endanger her masts by the jerk of
the sea.

12th. How to make her turn quickly, and in short space, in obedi-
ence to her rudder, no matter how fast she may be going; and how
to make her weatherly. |

13th. How, in combination with the foregoing, to make her fast
before the wind, against the wind, across the wind, when she is laden,
when light, when the sea is smooth, and when the sea is rough.

These are some of the undertakings with which the science of the
naval architect must cope. They are all matters the principles of
which belong to science. They are all matters of forethought and -
calculation, for which exact results are to be sought and ascertained,
long before the ship-builder can even set about his work. They form

the science of Naval Architecture, as distinguished from the art of
Ship-building.



CHAPTER II.

THE ART OF SHIP-BUILDING.

TaE Art of Ship-building consists in giving to the materials of
which the ship is to consist all the forms, dimensions, shapes,
strengths, powers and movements necessary to make them fulfill
and comply with the conditions resulting from the calculations of the
naval architect.

1. To make the ship swim, she must be tight and staunch every-
where, so as to take in no water through her seams or fastenings.

2. To make her swim so deep, and no deeper, the weights of all
her parts, taken together, must be equal to the measure the naval
architect has given, and which he has called her “light displace-
ment.””  This done, it is the business of the naval architect, and
not of the builder, to see that a given load placed in the vessel will
not sink her beyond her given load draft.

3. To make the ship strong enough to carry her load Wlthout
straining herself is part of the art of ship-building: the quantity of
material put into the ship being limited by the naval architect, it
belongs to the craft of the ship-builder to select the fittest quality of
material, to put it in the most effectual place, and to unite the pieces
in so substantial a manner that no piece, when strained, shall part
from its neighbor, but that every part shall not only do #s own work,
but be able to help, in need, every other part, so that all, Jomed
together, shall form one staunch whole.

4, In making the ship strong enough for the work she has to do,
the builder must preserve throughout the whole such a just distribu-
tion of the weight of the parts as that she shall not be too heavy at
the bottom, nor at the top, nor at the bow, nor at the stern, but that

the weights of the parts, in their places, shall so accurately corre-
19



20 NAVAL ARCHITECTURE.

spond to the nature of the design that there shall be a perfect balance
of wetght around the exact centre intended by the architect. This is
necessary in order that the trim of the vessel at the bow and the
stern, and her stiffness, or power to stand upright, shall turn out to be
what is meant in the plan. The best designs have failed through un-
necessary weights being, in the execution of the work, placed where
they did harm, instead of where they could have done good. Dzispo-
sition of werght, therefore, in the hull is an important point in prac-
tical ship-building.

5. The geometry of shlp-bulldmg is one of the most important
branches of the ship-builder’s art, and the exact fitting and execu-
tion of parts truly shaped is one of the best points in which he
can show his skill. The design to be executed having been put
into his hand, the ship-builder has first to lay it down on the
mould-loft floor to its full size; next he has to divide and show on
this drawing, in its full size, every part of which the ship is to
consist; of each of these parts a separate and independent drawing
has now to be made, and a shape or mould made from this in paper,
in wood or in iron. To this mould the material of the ship, whether
pieces of iron or wood, has to be exactly shaped; and these inde-
pendent drawings or moulds must show every face and every dimen-
sion of each part. When it is remembered that in every ship, con-
sisting probably of several thousand parts, generally speaking no
two are alike, and only two, at most, resemble each other—namely,
the counterpart pieces on the two opposite sides—and that every one
of those pieces has probably four sides, each with a different curve
from the other, and containing possibly one hundred perforations,™
which must have precise positions with reference to these curves, it
will be seen that making the measurements and drawings is a labor
which must be performed with the utmost precision and intelligence,
in order to have good, honest and reliable work, and requires no
small amount of geometrical skill from the builder.

6. The art of the ship-builder frequently extends not only tq the
mere construction of the ship’s hull, but also to the construction, or
fitting in, of all those separate things which are not parts of the ship
proper, and yet without which she cannot be sent to sea. There are
parts which, if not made by the ship- builder himself, must be so

% See Iron Ship-building.



THE ART OF SHIP-BUILDING. 21

provided and fitted as if he had himself made them. A ship is not
complete unless she has a rudder and steering mechanism, compasses
and their binnacles, anchors and their cables, capstans and windlasses
to raise and lower the anchor, boats and davits, and the tackle to raise
and lower them, masts and yards, and standing rigging and running
rigging, and sails and blocks, and all the means of placing, fastening,
supporting and working.them. There must be, also, pumps to work
in case of accident, besides a large inventory of smaller things, all
to be found before a ship is complete or fit to go to sea. All these,
for the most part, the ship-builder has to find; and, while it is a
matter of doubt, opinion, custom, or special contract, how many, and
which of them, are parts of the hull, or parts merely of the equip- -
ment of the hull, or of stores for her voyage, yet it is always in the
ship-builder’s province to consider fully all these things, and so to
arrange for them that no unnecessary difficulties may be interposed
in the way of those who have to supply and to fit them. Generally
speaking, the rudder and steering-gear, the mechanism for fixing and
working the anchors and cables, the masts and spars, and the means
of attaching the rigging and working' the sails, and boats and the
ship’s pumps, are reckoned part of the ship proper, to be done in the
ship-builder’s yard, while the rigging itself, the sails, the anchors,
the cables, the compasses, and all the minor inventory are reckoned
as ‘‘Equipment’ only. It is part, therefore, of the craft of the ship-
builder to understand thoroughly, as well as to execute, that part of
the equipment and the fitting which is reckoned as part of the hull.

7. But it is the finishing-stroke of the ship-builder to place his
vessel safely in the water. To this part of his skill belong all the
traditions of launching. In this the traditional ship-builder excels;
for science has taught him nothing. The knowledge of launching
has grown, and, with the odd variations in form, there is a wonderful
unity in substance, even in different countries. The construction of
the cradle in which the ship is committed to the deep, of the ways
which carry her from the shore into the water, of the slope on which
she glides so smoothly down, even to the mixture of soap and grease
which lubricates her passage,—all is known by fixed tradition; and
so skilled has the long progress of practice rendered this finishing-
stroke of art, that constructors, when ordered to lengthen a ship
already built, have been known to cut her in two, and to give to the



22 NAVAL ARCHITECTURE.

after part so gentle a launch, that it stopped exactly when it had
reached the point of distance from the fore part to which the length-
ening was meant to extend. So, also, when an attempt was made, as
in the launch of the ““Great Eastern,” to bring in other than ship-
building skill, the result was an extravagant failure.* 'This, there-
fore, is one of the points in which the ship-builder cannot do better
than adhere to his traditions. But along with these general princi-
ples of matured experience, there is enough variety of practice to
leave the ship-builder a wide choice. Some nations launch with the
bow, some with the stern foremost, some broadside on. Some'launch
with the keel resting on the ways, the bilges clear; others launch with
the bilges on the ways, and the keel clear; but in all these different
modes a tolerable attention to the precepts of tradition will enable
the ship-builder to execute this “tour de force” with a fair certainty
of success. In England, some have even ventured to carry this so
far as to launch steamers with masts up, rigging fitted and sails bent,
their equipment on board, their engine and boilers fitted in them,
their fires lighted and steam up; and they have left the ship-yard
from the launch-ways in perfect safety, propelled by their own steam.

* This vessel was launched, broadside on, from the Isle of Dogs in the Thames
river.



CHAPTER III.

THE METHODS OF PROPELLING SHIPS.

TeE naval architect, the ship-builder and the marine engineer
represent three classes of professional skill, all of which go to the
achievement of a perfect steamship. The duties of all must be suc-
cessfully performed, in order that the duty of the steamship may also
be performed successfully. It is not necessary that the three duties
should be performed by three separate men, but all are essential.
They may even be all performed by one man, and he may first form
the design of the whole, then build the ship, and, lastly, construct
the engines ;* but, in theory, it is better to keep these parts separate,
although, in practice, they cannot be too closely united.

Steam navigation, or the propelling of a ship by steam, is effected
by means of three instruments. The source of the entire steam-
power of a ship resides in the boiler, and it is the power of this
boiler to produce steam which ultimately determines the question of
the power and speed of the ship. Boilers, therefore, are the first
consideration in marine engineering. The second part is that which
applies the steam made in the boiler to the purpose of producing
mechanical motion, and forms what is called the machinery, or steam
engine. It is by the engine that the steam is turned to use and
worked ; but engines accomplish their purpose differently; they all
waste some steam in moving themselves and not in moving the ship;
and some waste much steam and do little work. It is difficult to
know how much is wasted, even by the best marine engines, for some
of great reputation waste more than others of less. The marine
engineer must see that he effects the least possible waste, and gets

# This is the case in the French navy, where the chief constructor is also the con-

structing engineer.
23



24 NAVAL ARCHITECTURE.

out of his engines the maximum possible effect; but this result he
can only know by taking careful measures, not merely of the work
done by the steam in the engine, but also of the work given out by
the engine after working itself, It is his duty, therefore, thoroughly
to master all these points.

- The third instrument of steam navigation is that by which the ship
is made to move. The boiler makes the steam, and the steam moves
the engine merely, but not the ship. The engine has to move some-
thing, which, by moving the water, shall compel the ship to move.
Though all three instruments move the ship, or tend to move it, it is
only this last which directly touches the water, and which moves it
and the ship; it is called the motor or propeller. The steam propeller
is, therefore, the third instrument employed in steam navigation,
The kinds of propellers are many and various; some being a single
instrument, as a screw propeller, and the paddle-wheel propeller, when
used singly in the stern of a steamer, or in the centre of g double or
twin vessel. There are also double propellers, as where twin serews
are used in one vessel, or where two paddle-wheels are used on a
vessel. There is also the jet propeller (both steam and water), the
chain propeller, the stern propeller,* and a host of others not now in
practical use. There are propellers out of the water and under
water, at the sides and the bottoms of ships, at the bow as well as
at the stern; and almost every place that can be named has been
selected by somebody for a propeller. Tt is the business of the prac-
tical marine engineer to devote his attention fo those modes of pro-
pelling which are in general use. He must examine the laws which
govern all steam propulsion, and thus learn to measure the degree in
which it can be made perfect, and the degree in which, in the nature
of things, it must remain imperfect, alming continually to get as near
to perfection as possible. He must never forget, however, that it is
absolutely impossible to attain this perfection, since water slips away
from the propeller, and that, in thus escaping, it carries off power in
the very act of motion. This power so lost is called loss by slip. A
scientific knowledge of the laws of propulsion enables him to judge
when this slip runs to waste merely, and when, on the other hand, it
is N0 more in quantity than is necessary to produce the propulsion of
the vessel. In order to propel the vessel, the propeller must take

* This has been called the steam oar.
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hold of and push the water; the water will slip away from its hold,
but in the very act of slipping the propeller must dextrously lay
hold of it in just so many instants of time as to take out of it the
greatest push with the least slip; no slip is nonsense—much slip is
folly ; as little ¢lip as is practicable may be fairly demanded of the
competent marine engineer.*

Besides propulsion by steam, there is another method of propul-
sion, the subject of an entirely distinct profession from that of the
engineer and architect; that is, driving ships by sails, instead of
steam. This is properly the vocation of the seaman; and it is his
business to know and say how he would best like all arrangements
of the masts, sails and yards, so that he and his crew can best handle
and manage them. DBut there is one part which the naval architect
should do: he should thoroughly study the balance of sail, as every
ship, according to the qualities of her design, will carry her sails
badly if they have not been perfectly balanced in conformity with
the peculiar properties, proportions and dimensions of each ship. It
1s the naval architect’s business to provide the seaman with a perfect
balance of sail; and it is the latter’s province to know how to use
1t, and handle his ship properly when he has got it. Balance of sail,
therefore, must be studied along with balance of body, draft of water,
trom and the other original mathematical elements of the design of
a ship.

There is, finally, another point in which the professions of the
seaman and naval architect touch each other very closely. This is,
%Yhe trim and stowage of the ship; and the reason why the business
of the sailor here touches so closely upon that of the architect is,
that a little ignorance or folly on the part of the seaman can neutral-
ize and undo all that the naval architect and ship-builder have done
for the good qualities of the ship.

If he has not knowledge enough of the place where the centre of
balance of weight of the ship is put, and does not contrive to keep it
where it ought to be, but fills the ship with improper weights at
improper places, he will ruin the performance and mar the reputa-
tion of the finest ship in the world.

But few seamen know these things thoroughly, and thereby acquire
reputation both for themselves and their ships. With an ignorant

% The term Engineer is here used to denote the designer or builder of an engine.
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officer it is impossible to know whether the ship be a good or a bad
one. |

Now, although it may not be possible for a sailor to be also a
naval architect, inasmuch as each profession demands the study of a
lifetime to learn it, yet a sailor can learn and should know enough of
the architectural points of a ship to turn them to the very best
account; and it will be necessary, therefore, farther on, to investigate
some of those points common to the seaman and naval architect.



CHAPTER 1IV.

DIFFERENT CLASSES OF SHIPS FOR PEACE OR WAR.

AvraoucH the principles which guide the naval architect in the
construction of ships, and govern their behavior in the sea, are fixed
and invariable, it will be the use the ship . is to be put to which must
govern the naval architect in the application of those principles to
practical use. Ships employed for purposes of commerce, for mere
pleasure or for purposes of war must be as different in their con-
struction as in their objects, and, accordingly, the different classes of
ships, designed for such different uses, give rise to distinct depart-
ments of naval architecture.

For the purposes of war, the conditions which the naval architect
has to fulfill are widely different from those he has to meet in the
design of a merchant vessel. The principles which guide him are
the same, yet the points of practice are in some respects easier, in
others more difficult. The merchant ship, in its voyages around the
world in search of freight, has to undergo all sorts of conditions of
emptiness and fullness, of lightness and deepness of draft, and has to
stow all sorts of cargoes, with every variety of bulk and of specific
gravity. Sometimes she has to carry a heavy deck-load with little in
her hold, and at other times, so much weight, so deep in her bottom,
that it would seem to be almost impossible to reunite two such oppo-
site uses in the same ship.

The man-of-war has but one duty—to convey a known weight of
guns and of men to a known place; and this kind of work, being so
exactly known, ought to be infallibly and exactly done. That a
ship-of-war, under such known conditions, should ever have a mistake
made, or an inéccuracy found, in her draft of water, her stability or

her speed, might seem- therefore disgraceful if it were not, unhap-
27
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pily, too common. The explanation which is sometimes given is,
that those whose business it is to order these ships are unable to
settle, beforehand, what they are intended to do, and that they are
generally afterward ordered to do exactly that for which they were
not originally designed.*

There is one peculiarity which belongs equally to both kinds of
vessels—that, whatever her load may be, she must, above all things,
be fast. In commerce, time is money; in war, time is victory.; and
victory, the sole object of war, is entirely in the hands of the man
who has the choice when and where to meet his enemy. This is an
axiom, and needs no argument.

To have easy movements in bad weather is also the indispensable
requisite of a good ship of both sorts; but the quality which consti-
tutes a good sea-going vessel may have to be given to them in differ-
ent ways.

In a merchant ship, the lading of the ship being variable, and its
arrangement entirely under the disposition of the shipmaster and
owner, the internal adjustment of weights may be so made as to give
her every variety of quality. In the ship-of-war, on the contrary,
the disposition of weights being both invariable and inevitable, and
fixed by the indispensable purpose of the vessel, the sea-going quali-
ties must be given by the naval architect alone, in his original design;
and the subsequent adjustment of the qualities of the ship, by dispo-
sition of weight, can be carried out only within narrow limits. It
may happen, and it does happen, that the necessary disposition of the
greatest weights of the ship-of-war are hostile to the sea-going quali-
ties of the vessel and to the desire of the naval architect. The
battery of the ship may be a great weight, acting high out of the
water ; and that will be a great difficulty, acting with great power
against him. .

It may be that he has to carry heavy loads of iron armor at great
distances from those centres of his ship around which he is anxious
to have the most complete repose, even at the time when the efforts
of the sea are greatest to put those weights into violent motion; yet
these very causes of bad qualities for the sea-going vessel may form
a specific virtue for the fighting vessel. The successfulﬂ reconciliation

* This was the case with the “double-enders’ during the late war—they were
designed for river service, but were employed at sea, on blockade.
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of such antagonism is the highest triumph of the skill of the naval
architect in the design of a ship-of-war. |

A third condition of both kinds of vessel; differently carried out,
according to the diversity of use, is what it will be necessary to call

““capacity of endurance.”

In a merchant ship, sailing or steamship,
this means ability to carry a large freight, to carry it at small cost,
within an assigned time. To do this, a merchant ship should main-
tain her given speed with regularity, independently of weather, should
do so at moderate wear and tear in all the elements of her first cost,
and should effect, at the same time, great economy in all the usable
and consumable stores which form a great part of her floating equip-
ment and provisions, and on which, in great measure, the profit or
loss of a voyage depends.

For a ship-of-war the capacity of endurance must be of a nature
somewhat different. She must certainly have: the power of arriving
with certainty at the place where she is wanted, independently of
weather ; but her sustaining power may often consist in her ahility to
keep herself in good fighting order for a long time, at a great dis-
tance from home, and, without exercising her greatest power, to be
in a condition to do so at a moment’s warning, without such exhaus-
tion of her resources as may leave her helpless at a critical moment.
This is a kind of economy of a very different nature from that of a
merchant ship, but must be originally conferred on the vessel by the
forethought of the naval architect, and must be studied and carried
into effect by the wisdom and knowledge of the officer,in command.

There is another branch of professional knowledge and skill, with-
out some acquaintance with which the naval architect cannot design
a ship-of-war. A ship that cannot work and fire her guns when
wanted may have ‘every other good point, and be worthless for want
of that. The architect must know, then, what is necessary, in order
that the crew may work the guns to the greatest advantage, and thus
aid in achieving victory. )

Should two ships engage in a rough sea, the mere fact that the
guns in one could be better handled than those in the other in that
state of the weather, might be the turning-point of victory.*

Ignorance of this point, therefore, on the part of the designer of

% So far back as the time of the celebrated Chapman, constructors were keenly alive
to the importance of this point.
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the ship, would be failure, and he must have the knowledge of all
the points relating to the placing and working of the guns before he
begins his design—not, as we frequently see, after the ship is built,
and when it is too late. |

But magnificent-sailing men-of-war must be considered now as
finally dismissed from service. The line-of-battle-ship, fighting under
canvas, is no match for the little iron-clad gunboat. Itis probable
that no such vessel will ever again enter into action. The produc-
tion of the fleets of the future is at present a race of competition, of
science and of skill between the great maritime powers of the world.
Who will win this race must depend much upon the wisdom, fore-
thought and capacity of the men who preside over the navy of each
country.

Taking this view of the subject, it becomes a matter of paramount
necessity that the young officers who will eventually command our
ships and lead our fleets should thoroughly understand the conditions
which regulate and control the designs of the steam fleets of modern
warfare, and the methods used in their practical construction; and it
is hoped that this knowledge may promote the advancement of the
national interest, both political and mercantile.



CHAPTER V.

GENERAL CONDITIONS OF THE PROBLEM OF NAVAL ARCHITECTURE.

THE professional duty of the naval architect being to frame and
complete the design of a ship—the word *design” implying plan,
use, or purpose—therefore the first duty of the architect is to ascer-
tain accurately, note exactly and conceive clearly the intention and
purpose which the vessel is designed to fulfill.

If the case under consideration is that of a merchant vessel, to the
owner, then, the naval architect must apply for a clear understanding
of all that the ship is meant to be and to do; and therefore the fol-
lowing questions may be of service in eliciting the information
necessary before commencing the design of the vessel:

The owner must be asked—first, what he wants his ship to do?
He may answer: To trade between New York ahd New Orleans.

9. What kind of trade he proposes to carry on ?—Answer. A mis-
cellaneous trade, partly merchandise, partly passengers.

3. What quantity, bulk and nature of cargo ?—Ans. 500 tons of
dead weight; 25,000 cubic feet of bulk, for cargo in the hold.

* 4, What kind and number of passengers?—Ans. 29 first-class, 20
second-class passengers.

5. What sort of voyage?—Ans. Once a month, stopping nowhere
on the way. -

6. At what speed ?—Ans. An average of 8 knots.

7. Carrying much canvas or little?—Ans. To depend mainly on
steam, the sails being auxiliary.

8. At what estimated cost per voyage !—Ans. $1.75 per mile.

9. How much is the owner prepared to pay for his vessel 7—Ans.

$125,000.
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10. How much is the owner prepared to pay for a more or less
durable ship? how much for more or less durable engines and boil-
ers? and how much for a more or less complete equipment ?—Ans.
Ship to be classed twelve years, A No. 1; engines and boilers to be
those least likely to fail when wanted, most economical in repairs
and consumption of fuel; and 15 per cent. preference to be allowed
on the price of good engines and boilers over indifferent.

11. What draft of water?—Ans. Load draft not to exceed 15
feet ; no other limit as to dimensions. |

12. What class of shipmasters and engineers to be employed?
Ans. The best master and engineer, without reference to salary.
(The owner will do well to select his master and engineer, and put
them in communication with the naval architect before the ship is
built.)

13. Is the ship to be confined exclusively to this trade, or may she
have in future to be employed on other voyages?

Now from the master and engineer the architect may receive
information on the following questions:

14. What is the true length of the voyage according to the course
usually followed ?

15. What has been the average performance of any known vessels
on the line?

16. What would require to be the maximum speed of a vessel in
good sailing trim in order to realize an average working speed of
eight knots an hour on the voyage?

17. What sort of ships and enginel have hitherto been employed
to do this sort of work ?

18. With how many officers and hands as crew, and how many in
the engine-room, is this ship proposed to be worked ?

19. Besides the room required for cargo, for passengers and for
attendants, how much is to be reserved for machinery, for coals, for
ship’s company, for ship’s stores, for provisions and equipment ?

20. What is the exact nature of the equipment required for this
peculiar voyage?

21. What are the weights to be carried under these respective
heads?

These are the conditions of the problem, without which, as pre-
liminaries, the design of the ship cannot even be begun, and all of
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them must be sought and given to the naval architect at the outset,
il order to prevent much of his work being mere waste.

The result of all these inquiries will lead him to this most important
and primary issue, which may be said to determine the chief charac-
teristic of his ship—namely, the burden she must carry and the bulk
she must stow. In addition to her own powers to swim, she must
have power to carry; and the total weight she must carry when full
is 1000 tons. But the vessel herself will weigh a known quantity—a
quantity either suggested to him by some vessel he already knows, or
which he must find out by calculation; but suppose 1t be assumed
that his ship will weigh 500 tons in addition to the 1000 tons before
stated.

The ship, therefore, with her equipment, her freight and her stores,
gives a dead weight to be dealt with in the design of 1500 tons, This
is technically called “the total deep-load displacement of the ship,”
and forms the first condition of the problem. It is the dead weight
to be carried; and *the question is, How best to carry it? This is
treated of under the head of “ Displacement.”

The foregoing, drawn from the necessities of the merchant service,
will serve also to suggest a similar series of requisitions to be made
before commencing the design of a vessel of war. The nature of the
service on which a man-of-war is to be employed, the harbors she is
to enter, the length of a voyage on ‘which she may be sent, the
number of her crew, the weight of her guns, ammunition, equip-
ment and stores, and, for a steamy, vessel, the power required to drive
her at a given speed, and the coal required to take her a given. dis-
tance, with a multitude of particulars quite as minute as those given
in the case of the merchant vessel, must be obtained by the naval
architect before he can commence his design.

It is sometimes the practice to ask a designer to build a ship-of-
war, and to tell him that it will be time enough to consider all the
details of her armament, equipment, special construction and desti-
nation after the design has been completed and while the ship is in
progress. This is a fallacy : it will not be time enough ; it will be
too late. |

Most of the failures in this country have been produced by build-
ing the ships first and settling what they were to do afterward. The

naval architect who respects his professidn should never design his
3
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ship until all the requisite data have been given him. Without this
there can be no science of naval architecture, and no plan of a ship
worthy of being called a design.

But when these have been obtained, he should arrange them,
reconcile them, and finally determine them by setting them out in a
formal manner, in what may be called the

SCHEME OF CoNDITIONS OF CONSTRUCTION,
which forms afterward a programme of work to be done in forming

the design of a ship.

Scheme for the Construction of a Merchant Steamer.

Bulks. Weights.
Cubic feet. Tons.
A miscellaneous €argo ...ceeeee veveeneenieveenennes veeennens 25,000 900
Passengers, 25 first- class..ccoiueeuiviiis cvvniieienninnns 6,250
¢ 20 second-class....ce.veveuveeveniunens vinenanen *3,000
Engines and boilers (with water)........cccccevuen venees 7,500 - 150
Fuel and engineer’s StOres..ceceveesees cevnenens vovenn vuenn 10,000 200
Equipment and sea stores....co.e. cevereeee vevevanee euen. 7,500 150
Ship’s hull and internal fittings. ccoeeieeeiinnennns vennes 17,500 350
Provisions and water........ceeevivvevees vivenenes vovenenes 2,500 o0
Officers, engineers, servants and crew................... 7,500 10
Spare capacity and weight..... ...........o.. v esrrrenns 3,250 90
Gross capacity and weight................. veee 90,000 1,500
Voyage of 1500 sea miles (knots).
A mean speed of 8 knots. |
Load draft..ccceceeniniiiinnciiiin i i v e, 15 feet.
Speed in smooth water...eceeeveiveiiiiiiiiiinenenvnenns 10 knots.
Fuel per mile...ocuveen vvereivienninn coniininnininecininnens 5 cwt. (168 1bs.)
Officers..ceieunecivniiiriiencioreneenenens 5
Ship’s company {Engineer and assistantS........co... ..., 3 > 30 hands.
Crew and coal-heavers........co.veen.. 22 S

Time of single voyage, eight days.
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Scheme for a Man-of-war Serew Steamer—(1st-Rate).

Bulks.
Engines and boilers (with water) ounie fot
Engineer’s stores......ccouevenneveneen } ..... A 50,000
Fuel coovuiieeii i i e e et e v 50,000
GUDNS, 50..ciiiiiiiiisciriereee trienrieeeee eeree eraae sennes 100,000
Powder and tanks, including space for light
TOOIMIS tuuure serennrersnnses sesnce sonees ansonsessssonsassase 6,000
Shot and shell...c.ocueevoviiiisiiiniiiiieiiiiin e, 2,000
Ordnance StOreS.iieeieeeerereeens ceneeevevnernnn vorerenes 3,600
Water for four weeks, for 500 men......... ......... 3,500
Bread for six months, for 500 men......... ........ 4,500
Other provisions for six months..........c.. c.c.eeee, 7,000
Masts, yards, rigging and sails......ccceevees vivevenee vevennnns
Spare sails and sailmaker’s stores........... ......... - 3,000
Navigator's stores} ..................................... 2,000
Boatswain’s stores |
Carpenter’s stores....... PR eeeeeaeterens seneen aenen 1,300
ST 7 S SO
Chain cables.....ccoeiuirireiviensvvrniieniees cerrenne 1,500
Anchors...... vt reereree sereeres shentet s eeentes sevens aresaeenes
Officers’ BLOTeS.usiueeeuesveneee veresvenrervneens soesasnns 2,500
Paymaster’s and marines’ stores............. veveusn.. 2,000
Galley and condensers.......ccceeeuvvenevienns evennene 600
Officers, crew and effects (500)....cccveuviieererneenne vevennen
Shaft alley. .oveeere crneeneeivenisciieervereneees vorevnnns 9,000
Wing passages..cceeeeeseenennnens [ 5,000
Ventilating passages.........eeuunen. Ceveeeas eeeenne 2,000
‘Mast-rooms and hatchways....ccceceevereninne cvnnrnnee 2,800
Spare bulk and weight.....c.ccceeviiniiverennvennnnee. 24,000
Weight of ship’s hull......ccovevurveiinnnnenn veseee eeecesee
Total capacity and weight..........cc...... 280,000

Weights.

Tons.

1,000

1,000
300

50
10¢

50

75
o0
100
155
30

25

20
12
65
22
10
16
12
60

118
3,000
6,300
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For the calculation of the displacement of a man-of-war, the fol-
lowing may be useful :

. Weight.

One XI-inch Pivot gun, with ammunition and equipment

complete (see Table L) cccuvieeveriiiiiiniinnin vrniiiiinininnna 52,935 1bs.
One IX-inch gun, etc., complete (Broadside carriage)....... 22,6566
One VIII-inch “ ‘“ “O e 16,342 ¢
One 32-pounder “ “ e 11,0564 «
One 100-pounder Rifle gun, complete (Pivot carriage)....... 34,163 ¢
One 60-pounder “ ¢ “o e 19,435 “
One 60-pounder “ “ (Broadside carriage) 15,630 ¢
One man, with clothes and other articles...c.cce. vevvenniennanes, 0.11 tons.
Provisions, with tare and fuel for cooking, etc., for one

11170) 111 + SRR R U U 0.07
Water, with fare for one man for one month....cc.cvveeeevenen 0.14 «

Steam engines with-boilers, and water in boilers, coal bunk-
ers and stores per nominal horse-power... coceeeees ses sosecenes 071
Coal for one nominal horse-power in 24 hours...cceeeeeeneenees 018

In the old sailing frigates, ballast was carried to ensure stability.
This was sometimes twice the weight of the guns. Ships with full
steam-power do not need ballast for stability, yet a little is usually
carried for trimming ship.



Weights bf Guns, Carriages, Ammunition and Equipment Complete—U. S. Naval Ordnance.

TABLE L

XI-INcE (P1vor) IX-INCH (MARSILLY VIII-NcH (MAR- 32-POUNDER’ - 100-POUNDER 60-POUNDER 60-POUNDER
* CARRIAGE). SILLY CARRIAGE). (BROADSIDE). (Prvor). (P1vor). (BROADSIDE).
R IR P R A T N
) g &0 . £ &0 .l Bd | . | E2 | &d . | 249 | &4 . |24 wd . B8] wd
S o ® 20 3 ° TS s 1B lax||s12% |ax ||| 2% | & s |2% = || s 2% uz
z | B < z | B < z | B < A= < 7z | B < z B |« Zz B | <
Ibs. 1bs. 1bs. 1bs. Ibs. | lbs. Ibs. | Ibs. Ibs. | 1bs. 1bs. | 1bs. 1bs. | ‘1bs.
GUDueeeerrreresserenees |rvvve [evereeneenas 16,000 {{veeees|ererereeeee 9,000 |{veuves]veereeen 6,500 |[.eeene | veennne 4,500 [|evrees | erreenns 9,700 |[veeees | nene. 5,400 |[.eceee | veren. 5,400
Carriage «iveeevveveeene frveeas[erereninann 9,310 |[.veeee]eeacernenens 1,250 S #1,000 | eveas] s crnenes 1510 N P 8416 |[eeceee|eenres 3,315 [|eeeer]vnnnns . 900
Service Cha;%%;‘;’d%fr 175 {fg%} 2,710 || 110 ‘{%333 1,133 || 110] 7 770 || 110| . 660|| 175) 8. | 1,400|| 175| 6 | 1,050 175 6 | 1,050
Saluting ¢ 50 6. 300 50 5. 250 50 4. 200 501 4. 200 ]
e e} | 00| 1855 | 12105 || 65| 785 | 4778 || 65| 5275 | 3426|| 65| 265 | 1722|| 95| 80. | 7,600 || 95| 50 | 4750 65| 50 | 4750
Shrapnel.....ceceeenns 351 141. 4,935 15| 75. 1,125 15| b2. 780 15| 32. 480 25| *#80. | 2,000 | *25*50 | 1,250 15(*50 750
] 1 0] A 10| 166. 1,660 10 90. 900 10| 65. 650 [| 10| 32.6 325 15 70. | 1,050 15| 60 900 10} 60 600
: Round shot.
Grape .cccevvverenrecens 5 125, 625 5| 741 370 5| 53.25 266 5| 33.5 167 151 325 487 15| 18 70 10| 18 180 .
Canister.....ccccccuvuee. 10{ 120. 1,200 5[ 70. 350 5| 60. 250 o| 30. 150
Total....ccoeueees vee [erenes seececsnssar 48,935 |.ceveefens verenanes 19,156 {|.eeece|cvnraness 13,842 {1...... ... veree| 9,064 {{ieeiis[ieniennns 30,6563 ||eeera|ennes 16,935 [|ueeaee|ennee . 113,630
Shell-boxes........ 1
Junk-wads.........
Powder-tanks ... .
Breechings ....... Sl IO o 4,000 {].eeeeifenee craeens 3,500 ||..... BN o] 2,500 [[leeiiitarnnnnee | 2,000 [[oeeene]..... veee | 3,500 |leeeene] s eoe | 2,500 {eviens | weee | 2,000
Rammers and
Sponges.........
Tackles, &c....... )
Grand Total.......feeeese [ rerensannnns 52,935 [[eeavesenrerninians 22,656 {|.ceaes| neernns 16,342 |1..ccooliecnnnes 11,004 [{eeeve|enernenne 34,153 [[.ceeun]eeen o [19,435 Hevavus [ennenn 15,630

* Estimated.
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The number of men may be taken as follows:

TABLE II.
Pivor GuNs. BRroADSIDE GUNS.
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The additional men for powder division, master’s division, en-
gineer’s and other divisions must be calculated from the tables in

the Book of Allowances.

A ship to carry a specific battery must

have the total mumber of persons in accordance with that battery,
together with the extra number for her power as a steam vessel,
fully ascertained before a design can be commenced. The Book of
Allowances, United States Navy, gives all the requisite data for

finding full complement.

For steam merchant vessels the following

is an approximation. Sailing vessels carry somewhat smaller crews.

Number of men

Number of men
Cargo in tons. as crew. Cargo in tons.

100, ccuieiiinviieiiinnne 8 600..cccccieviiiiiennns
J50. cieirien veniiinne 9 800 . ceueuier ceeanennns
200, 000t ieninecennnen 11 1000.....c covevninrnnens
300, .0iiiciinnivarennns 13 1500..ccciee corinnvnnen
400..0000inee vorersenens 16 2000 c00eeee cenririennns
500..ceuvriee coverineene 20

as crew.

22



CHAPTER VI.

DISPLACEMENT—HOW TO MAKE A SHIP SWIM AND CARRY.

IT was Archimedes, the philosopher, who discovered the law of
displacement; or that floating bodies displace a weight of water
exactly equal to their own weight, and it is owing to this discovery
that the principles of flotation are understood.

The law of displacement consists of two parts: first, that a body
placed under water displaces as much water as its own bulk ; secondly,
that it floats when it weighs less than the water it displaces.

This principle, although the foundation of ship-building, has also
a great many other useful applications. If you have anything of
awkward shape, and you want to measure its bulk—say a piece of
wood or a model of a boat—take a vessel of water large enough to
hold it; place it where it may run over, and where the overflow of
the water can be retained ; put the substance under water and mea-
sure the overflow. That in gallons, or in cubic inches, is the exact
bulk of the body. For rough and ill-shaped substances there is no
better way than this. Bodies, therefore, which are designed to float
in the water must be so designed that when they are put into the
water sufficiently far to swim just so much out of the water as is in-
tended, the part in the water shall be of the exact size necessary to dis-
place the quantity of water intended, while the body which floats shall
be of the exact weight of the water it is designed to displace. In short,
displaced bulk for immersed bulk, and weight for weight, the floating
body and the water, whose place it occupies, must be identical.

Let us see what will happen if this be not accurately done. Sup-
pose the bulk of the body has been made too small for the weight
which it is intended to carry,™ then the vessel will sink deeper into

\

* The ¢ light-draft” monitors built during the late war are instances of an error
of this kind.
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the water than had been intended ; and by sinking so much will dis-
place the additional quantity of water necessary to make up the extra
weight, and so, though it swims, will swim too deep. More displace-
ment must therefore be found to meet the deficient weight ; the vessel
which was intended to swim light will swim deep in the water, unless
her weight be diminished by lightening until she return to her former
intended depth : what is to be taken care of in the calculation, there-
fore, is that at whatever depth it has been decided that the ship shall
float in the water—or, which is the same thing, at whatever height
the upper part is to float above the water—in that position the bulk
of the part in the water and the weight of the whole ship and its
contents must be so designed as to be exactly equal to the bulk of
"the water to be displaced by the ship and the weight of the water to
be so displaced. |

In a ship, however, it is necessary to do more than calculate one
displacement. There are two critically important displacements to
be calculated for every vessel.

Displacement when she is lying in the water ready to take in her
guns or stores or cargo, or in the lightest state in which she will ever
swim—that is, with a clean-swept hold; this is called, technically,
“light displacement.” The other is ““load displacement,” which is
calculated for the heaviest weight she will ever carry, and the deepest
draft of water to which she will ever sink under a load. These are
the two important drafts or depths of the ship in the water.

To calculate these the constructor must first ascertain the exact
welght of the hull of the ship. He must include in the weight of
the hull all the essential parts attached to and connected with that
hull. He must add to that the full equipment necessary to fit her
for sea-going use; but he must not include those stores (water, pro-
visions, coals, etc.) which are to be consumed in actual service. This
weight of hull and equipment for service constitute the data on which
to construct the light displacement of the ship.

The load displacement is next to be calculated. The data for this
consists—first, of the light displacement; and secondly, in addition to
this, of all the stores, provisions, water, coals and consumable com-
modities to be used on the particular voyage or service intended,
together with the cargo, freight, ete., of every kind which has to
come on board.



DISPLACEMENT, 41

To the *light displacement” corresponds what is called * the Fght
draft” or light line of the ship. To the load displacement, “the load
draft” or load water-line, There is also the “light trim” and * the
load trim”—trim meaning difference of draft, or rather the difference
between the depth of the after part of the ship under water and that
of the fore part.* It iz usual to give a ship such trim that the draft
of water abaft is somewhat greater than the draft forward, and in
this ease she is zaid to be drimmed by the stern. If it were the con-
trary, she would be aaid to he érfmmed by the head. This is what is
meant when we say a ship is trimmed 2 feet by the head, or 2 feet
by the stern; this difference of 2 feet being technically called the
trim.  When a vessel trims neither by the head nor stern, but draws
the same water forward and aft, she is said to be “ on an even beel
and it is usual to take a middle draft, halfway between the two, and
t call it “fhe mean draft,” so that a ship which i=s trimmed to 21
feet by the stern and 19 feet at the bow, is sald to have “a mean
draft’” of 20 feet. In this case it is common also to eall this 20
feet *the draft of the ship,” and to call the greatest draft of water
{21 feet) * the extreme draft;” but in the calcalation of displacement
it is general to nse the “mean draft.”

The elements to be considered in caleulating displacement are as
follows :

1. Dead weight when light.

Dead weight when laden.
Light draft of water,
Light trim,

Load draft of water,

. Load trim,

These elements being settled, the naval architeet may ealoulate
exactly the dizplacement of u ship of any given form of which he
may possess a design—firsl, for her light draft of water; seeond, for
her load draft. -

First. For her light draft he marks off on the drawing of the ship
the exact part of the body of the vessel which will be under water
when she floats light. He calls this “fhe immersed body” of the
vessel (light}. He then mensures exactly and caleulates geometri-
cally the bulk of this immersed body ; this bulk will be expressed in

® Commonly called © drag™

= L
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so many cubic feet—say 15,000, He next takes the weight given for
the ship and her equipment when light—say 500 tons.

Now he knows that a ship will float at a given draft of water when
the guantity of water she displaces is of exactly the same weight as
herself, and in this case the weight is given as 500 tons. The ques-
tion, therefore, is, Whether the volume of water—namely, 18,000 feet
—which is the bulk of the immersed body (and which is therefore the
quantity of water displaced), will weigh more or less than 500 tons?

Now, it will be found that the bulk of 500 tons of water is just
18,000 cubic feet, and the displacement of the ship, a8 measured, is
alzo 18,000 cubic feet ; this, therefore, is the true light displacement,

Secondly. For her load draft he marks off on the drawing of the
ghip the exact part of the body of the vessel that will be under water
when she iz deeply laden, He then measures exactly and caleulates
geometrically the bulk of that part of the vessel which was formerly
out of the water, but which has now been sunk under it by the lading,
Suppose this bulk to be 36,000 cubic feet, Thirty-six thousand eubic
feet weigh 1000 tonz; therefore, 1000 tons is the dead weight of
eargo which the ship will carry on the given load water-line,

But the total load displacement of the ship consists, first, of the
light displacement of 18,000 cubic feet; second, of the lading dis-
placement of 36,000 cubic feet more; a0 that the total displacement
of the ship when laden iz the sum of the two, or 54,000 cubic feet,
The immersed body of the ship at the load draft has, therefore, a
total displacement of 54,000 cubic feet; and the ship with her cargo
floats a total weight of 1500 tons,

Caleulating the weight a ship will earry at a given draft of water, ia
then a mere question of the measurement of the bulk of that part of
the ship which will then be under water, and which iz called the “im-
mersed body.” TFor every cubic foot of that immersion the weight
of & cubic foot of water is allowed, and thence i= obtained the num-
ber of tans weight the water will support ; this is called the “ floating
power”" of the ship, and really represents the buoyant power of the
water acting on the outeide of the ship, The ship itself has no power
to carry anything, or even to float; all it does is to exclude the water
and enclose the cargo. The ship is merely passive, the water carry-
ing both ship and cargo.* Buoyaney is, therefore, the power of

# An iron ship will best illuséirate this
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water to carry & given ship. It is proportioned ervactly to the
bulk of the body of the ship vnder water, and its foree is measured
by the weight of the water displaced, and which is called the ship's
displacement.

The floating power of 4 ship has nothing to do with the shape of
the ship, but iz entirely due to its size or bulk. Practical ship-
builders, ignorant of the lwwe of naval architecture, have imagined
that they could confer surprising powers of flotation and ability to
carry heavy weights, merely by giving certain “proper” shapes,
imagined by themselves, to the immersed bodies of their ships. This
delusion was common at one time, but has now passed away; yet it
will take a great deal of thought to understand thoroughly why no
possible invention of shape ean give to a ghip the power of greater or
less buovancy than iz measured by the exact weight of water of her
displacement. It is herein that the merit of the discovery by Archim-
edes consists, zsince the existence at one time of an opposite opinien
tends to show that the prineiple of flotation is by no means self-
evident.
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CHAPTER VII.

BUCYANCY—FOWER OF WATER TO FLOAT BODIES HEAVIER THAMN ITSELF.

Irox and steel are heavier than water, nevertheless out of them
ean be formed ships which will not only float well above the surface,
but will carry within them weights much heavier than themselves,
Iron is nearly eight times heavier than water, and sinks instantly;
lead is fourteen times heavier, and gold nineteen, Nevertheless gold
and lead may be floated in ships of iron and steel; and struoctures
every portion of which would, if separate, sink to the bottom of the
water, can be so combined as to float lightly on the top. The means
by which this is accomplished iz a dextrous application of the forees
of pressure of the water in such a manner that the downward pres-
sure of the weights on a ship shall be counteracted by an equal up-
ward pressure from the water under the ship, and g the vessel be
prevented from descending into it more than intended.

But this is not the only use to be made of the pressure of water,
sinee a ship, although supported from below, may roll over by its own
weight, or may be overset by the force of the wind or the foree of the
waves ; and so it beromes necessary to call in the aid of the foree of
the water, not merely to keep the ship from sinking, but to prevent
it from being overset.- In the first case, the water gives buoyaney
only; in the second ease, it is sald to give stebilily also, In the
former case, it gives verfieal support; in the latter case, it gives luteral
support.  The two great services required of water are, therefore—
first, buoyancy to support bodies much heavier than itself; second,
stability to be given to bodies which are unable to keep themselves
in an upright position withent its aid.

Thus, from an element which iz light, movable and unstable is to
be drawn support and stability by the art of naval construction, Tt
is plain, therefore, that art and skill can have no sure foundation

H "
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except in & complete comprehension of the natuve of water and of the
laws which govern the application of its force.

The first property of water, commonly called its Fquidily, is its
absolute indifference to shape ; that is, it presses on all shapes equally,
The second quality of water is the ehaolute proportion of ifs pressure fo
depth. The third property of water is the proportion of ifs pressure fo
the extent of the surfuce on which its presses, altogether regardless of the
direotion of that sugfoce. The three elements, therefore, for the ealen-
lation of the mechanical foree of water are weight, depth and extent
of surfoce.

It is the liquidity of water which takés from it any tendenecy to
assume fixed form in its own masses (as frozen water or ice does), or
from exerting any foree (as solid bodies do) to keep a shape in which
it has been put. As a liquid it will take the exact shape of any
vessel into which it is poured, as well as the exact shape of any
solid placed in or on it. Therefore, to know how much any vessel
of curious shape will hold, fill it with water and then empty its con-
tents into some vessel of known size; the result is the exact capacity
of the vessel.

Again, if you wish to know the bulk of anythipg of complicated
form, plunge it into water, forcing the overflow of water into some-
thing that you can measure it with. The bulk of the displaced water
iz exaetly what iz oecupied by the body now in water. This fres
flowing, easy running and perfect fitting of water seems to imply
that it has no force, no vesistance to moving, no power of effort.
Could it be fancied that water had oo weight, it might be fancied
also without strength or resistance.

Therefore, as liquidity allows water to be parted hither and thither,
and turned into any and every shape indifferently, one must look for
the souree of its puwertumtuin,nJmhtnndtumtlniﬁnm
quality—weight, which quality of matter is also indifferent to shape.
The weight of a piece of irom, for example, cannot be altered by
changing its shape. +The weight of a quantity of water is the same
whatever the shape of the wvessel it may be put into, or whgtever
shape of ontline may he given to it.

The measore of weight in a piven quantity of water is as
follows:
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Quantity of Water. Welght.
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These numbers are convenient for the purpose of the naval archi-
tect, yet it must be remembered that all water is not precisely alike
in weight. The purer waters are represented by the above fipures
sufficiently well for all practical purposes; but salt water weighs
more than river water, and varies in different seas. Some sea water
is B0 heavy that 35 cubic feet will make a ton, instead of 86, and such
salt water carries ships better than fresh, in the proportion of 36 to 35,

In calenlations of ehips for the sea, 85 feet may be conveniently
taken a3 a ton, and 64 lba as the weight of a enbie foot,

The natare of the pressure of water is, that it will flow freely into
any vessel into which it iz allowed to run, and will fit it exaetly.
Baut if, in the bottom of the vessel, it find a hole or a weak place, it
will rush out there if not stopped by foree. If foree he applied to
the hole or the weak place to prevent the escape of the water, this
force is measured exactly by the height of ﬂ'.l.ﬂ water above it and by
the size of the hole.

The next point in the nature of the pressure of water is, that under
the pressure due to its depth the water is indifferent to direction ; for
if, at the depth of ome foot, the pressure downward is .43 1b. on an
inch of surface, there is that pressure of .43 b, on that inch, whether
it lie with its face downward or npward, backward or forward, to
the right or to the left, or in any degree of obligunity of direction.
Pressure proportioned to depth, to extent of surface, but alike for all
shapes and for all directions, is characteristic of water pressure.
The quantities given as the weights of water enable one to measure
exactly its pressure. If the water be a foot deep, and the hole a
square inch, the presure of the water outward is measured (for
fresh water) by the weight .43 1b.; at double the depth, .86 lb.; and
for every foot of water an equal added weight. To stop it requires
just this weight applied the contrary way. The pressure of water
trying to get out of a foll vessel which confines it is not different in
kind or quantity from the pressure of water that surrounds a vessel,
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trying to get into it.  If an opening be made under water in an
empty vessel, like a diving-bell or a ship, the water around it will
press into it with just the same foree as it would press out of a full
vessel, becanse the frater is indifferent to the direction of the pressure,

The pressure of water into a vessel submerged in it being about
43 1b, for ench inch, it follows that at the depth of 36 feet the
preasure on one inch of the vessel is 15.5 Iha,

Therefore, in a deep ship the pressure is greatest at the bottom,
sinee the water presses against her on every inch of *skin” with a
force of .43 lh. for each foot of draft. At 1 foot draft, the water
presses inward .43 lb.; at 7 feet, 3 lbs, on the inch; at 28 feet,
12 lba. on the inch; and at 36 feet, 15.5 lbe, to the inch, This is
the measure of the foree required to prevent water leaking into a
ghip through the seams of the sides and bottom, as well as the force
that crushes her inward, and requires strength in the hull to resist it

The power of water to float bodies is given by nothing more than
the pressure of water under the vessel which is pushing it upward.
To measure the buoyancy is nothing more than to measure the pres-
gure of the water on the whole bottorn of the ship upward, Let
it be coneeived that she has = flat, level bottom and upright sides,
and foats 10 feet deep in the water, then the buoyaney and floating
power of the ship will be measured by the upward pressure of the
water. At 10 feet below the water, this pressure iz 625 lbs upon
each, foot of skin. Therefore reckoning the number of feet on the
bottom to be say 1000, the upward pressure of the water, or buoy-
ancy, will enable her to carry 625,000 1ha.

In this calenlation of buoyancy, the upward pressure of the water
has been measured by the same rule as if it had been downward
pressure, because if has already been shown that it is the character-
istic property of water pressure that it is proportionate to depth, and
is not affected bydl.re[:tmn. It is this universality of the pressure
of water, with its indifference to direction, which makes the calenla-
tion of huoyaney so simple and easy. This principle of buoyancy
and its measurement make it clear how bodies like irom, steel and
brass, o much heavier than water, can bhe made to swim, even
although, according to the law of displacement, they weirh much
more than the =ame quantity of water.

The art of making heavy bodies awim consiats, them, in this: to
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spread them out in a thin layer over so large a quantlty of water
and at such a depth that the pressure of the water upward shall be
greater than the pressure of weight downward.

A cubic foot of iron weighs 448 lbe, and would sink in water
instantly. But take that mass and roll it out into a thin plate 8 feet
long and & feet wide, and turn up its edges all around a foot deep;
then the upward pressure of the water on the 36 feet of bottom, at
the depth of one foot, will give 62.5 lhs. on each foot, or one ton of
2240 lhe. on the whole piece. The buoyancy, therefore, of the water
on thiz extent of iron is enough not only to float the original 448 lhe,
forming the cubie foot, but also to carry & load of 1792 lbs, besides.

This example shows, in a striking manner, how a ship may not
only be built of iron, which sinks by itself in water, but may be so
built as not merely to carry itz own weight of iron, but a burthen in
addition four times greater than its own weight,

Such is the buoyancy of water: and therefore to carry any known
weight, it is only necessary that the surface of the bottom of the ship
be large enough and placed at a sufficient depth below the water to
produce an aggregate upward pressure equal to the aggregate weights
carried.
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CHAPTER VIII.

STABILITY—POWER OF WATER TO MAKE A SHIF STAND UPRIGHT.

TaaT the most unstable of elements, water, should be reqnired to
confer atability or give uprightness to heavy bodies raised to a great
height above its surface, would appear to be an unreasonable expee-
tation, were it not accomplished every day.

If it is merely imagined that the bottom of a ship is made the
heaviest part and the top the lightest, it wonld seem naturally to
follow, as a first impression, that the bottom, being the heaviest,
would stay at the bottom, and the top, béing the lightest, would stay
at the top. This disposition of weight is not what always or often,
in fact, takes place. A Mississippi or North river steamboat is 30
feet hizh out of the water, and but 8 to 6 feet, or so, deep in it. The
heavy weights of ita machinery are generally high out of the water;
its boilers are entirely above the water, reaching in some enses abave
the hurricane deek. Tts cargo is alzo carried above the water, and
its bottom, if not quite empty, is merely occupied by sleeping apart-
ments. Such vessels, if supported on pivots fixed at the water-
ling, would certainly tumble over, boitom up, aince they are cer
tainly top-heavy, and pivoted on land would upset. By some
power, nevertheless, fn the water they are kept upright, and made
to form huge floating castles, their chief weights high in the air.

It is, therefore, necessary to examine, understand and measure by
what power water gives stability and uprightness to a large, top-
Jheavy, out-of-water strocture.

It might be imagined, at first sight, that the upward pressure of
the water on the bottom should help to give uprightness to the

structure it upholds from below., Buot this idea will not stand
4 49
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examination; gince to push the bottom of a vessel upward may only
be another method of trying to upset it.  What is wanfed iz to keep
the top up and the bottom down.

How, out of these contradictory elements, to elicit stability is
neither an obvions nor an easy investigation, for it is certain that the
upward pressure of the water on the bottom of a ship, instead of being
a canse of stability, is & powerful agent of instability, and that the
greater it is in quantity and the more effectual in power the more
it tends to upset the floating body.

Neverthelesa, a perfeet understanding of the way in which the
power of water contributes to stability in a top-heavy, out-of-water
structure will give one a profound appreciation of this remarkable
quality of water. The way in which this unstable element gives
stability to & top-heavy structure, as it heelz over, is by continually
transferring its action to the side fo which the vessel iz about to fall,
where, by continually giving a stronger push upward on the falling
side, it counterbalances the falling weight, and thus keeps the vessel
. upright.

A top-heavy ship is technically called “erenk”—*a drunken
ghip”—and it really seems fo; but by art, the force of water is made
to pass from side to side, faster and farther than the ship heels, and
therefore, though she may heel aver, che cannot capsize, for the water
puts its strong pressure under the falling *shoulder™ of the ship, and
gives it a powerful lift. The way in which this “shoulder” is formed,
the leverage with which the water acts, and the powerful lift which
it gives at the right time and in'the right way, is something whickh it
requires much thought to conceive, skill to direct and craft to apply
with suceess. This portion of the ship is therefore called the “ shoul-
der,” to distinguizh it from the bottom or *“ bilys” of the ship,

It is the tendency of the bottom or bilge of the ship to be pushed
upward by the water, and the pressure i3 so great upward as to'tend
not only to keep it up, but to push it tso much up, and thus upset
the veszel. One way of counteracting thizs would be to put heavy
weighta of lead or iron on the bottom of the ship, so as to keep it
always, in all circumstances, bottom down. But to put on the
bottom of & ship useless weight i not merely a confession of great
want of skill, but is & serious sacrifice of the nsefulness of the ship.

It was the practice of a former day to make up for want of sia-
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bility by great quantities of ballast; but the naval architect of the

present day knows how to give sufficient ““shoulder” to the ship so as
“to make use of the fluidity of the water as a substitute for the “dead

weight'’ of ballast; and its just application is a test of his skill,

By the “shoulder,” therefore, is meant that part of the side
which is just about the water-line, which is sometimes a little out of
and sometimes a little under the water as the ship reels about. It
ig frequently ealled, for that reason, the part of the ship * befween
wind and water;* but it will be quite aceurately defined if it is said
that the “shoulder” of a ship is that part which, being under the
water when the ship heels over one way, is then left bare, out of the
water, when she beels as far over the other way,

Take, for example, a ghip that has been standing npright, and has
first leaned over on one side until 2 feet of her skin are put into the
water, and then leans over just as much on the other side till 2 feet
more of her skin are out of water, —thaose 4 feet of skin on each side
which lie between these extreme positions are *the shoulders,” on
which she depends for power to sustain top weight.

If from the body of the ship the two “shoulders” are taken, the
remainder of the bottom, which never leaves the water, may he
defined as the “underswater body™ of the ship, and this under-water
body is the part tending to upset her, The life of the ship is, there-
tore, a balanced effort, the under-water hody continually tending to
upset her, and the two *“shoulders,” turn and tarn about, trying to
keep her upright.  The one is the “upsetting” part, the other the
“righting” part of the ship. The effoct of ench of these contrary
elements has to be measured—firsd, by the quantity of each element
second, by the more or less effectual manner in which it is applied.
To make the upsetting body the largest in quantity for the purpose
of carrying useful loads, yet so to contrive it az to give it the least
power for harm—to make the ““shoulders” the smallest, yet so con-
trived as to have the most power for good,—that is the consumma-
tion of the art of the architect.

In every ship it will be a question depending on her peeuliar strue-
ture how much of this righting power has been given to her; in
other words, how much top weight she can eagry, and how high out
of the water she ean carry it, without upsetting. The simplest way
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of putting it is, perhaps, to ask at what height the whole weight of
the ship herself and all she carries might be kept without overpower-
ing the stability, overworking the “‘shoulders,” and thus upsetting
the ship.

This height is, therefore, a chiaf point to be caleulated and known,
and may be called the “upsetting point.” It is, however, called the
“ meta-centre ;' and if this be taken to mean the point beyond which
you cannot go in raising the weights, it is a proper word enough.
The limiting height of top weight is, therefore, the proper meaning
of what i3 called the meta-centre, and the measure of this is mani-
festly one of the most important things to be known ahout a ship,
for on it most of her good qualities depend.*

®* The point M in fige. 2 and 3 is the mets-centre for the given “angle of inelina-
tion.” It is evilent that unless this peint be above the ceatre of gravity of the ship,
the vessal will upset.



CHAPTER IX,
.'!-T.i_LEJ LITY=POWERS OF "SHOULDER' AMD UNDER-WATER BODV.

To understand the funetions of the “shoulder” of the ship and
those of the bottom, and the tendency of both to affect the stability,
it will not be necessary to consider any but the simplest form which
can float. For that purpose, suppose a square box of say 20 feet
wide, 27 feet high, and of indefinite length, to he sunk by a weight
18 feet deep in the water—each foot of length of ‘4 box of these
dimengions will carry & ton weight for every foot of its depth in
fresh water; therefore, 18 feet of depth carries a weight of 18 tons,
And supposing the box itself to weigh 6 tons per foet, the vessel
would carry, beside its own weight, a weight of 12 tons.  Draw
such a box, and acrosg it the line of the surface of the water, which
call the “waler-fine.”” Tet the weight be represemted in square
form on top of it. (Fig. 1.)

This box truly represents a chip, the weight truly representing a
heavy deck-load proposed to be carried by the ship. It may repre-
gent the weight of a man-of-war’s battery, or the weight of an iron-
cased battery, an iron-clad’s turret, or any other top load.

The question iz—the ahility or inability of that ship to carry that
weight at that height out of the water. For this purpose, suppose it
to lean over on either side, and then examine whether it tends to
return to the npright position and stand up, or to overset and drop
the weight into the sea. Draw the ship, therefore, in thess two
positions,  (Figs. 2, 8.3 When this 12 done, it will be seen that
there is & part of the ship which is never out of water, but keeps
always under the water-line. This is the under-water body, or the
upsetting part of the ship. '

This under-water body is bounded by, first of all, the bottom of

5%
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the ship; secondly, by the bilges, or corners of the hottom; and
thirdly, by a water-line of the ship in each of its two opposite
positions, It is, therefore, pointed at the top where it forms an
equal-sided triangle, the apex of whith is in the waterline. Two
flat surfaces, therafore, form the top of this under-water body, while
the rest of it forms the bilges and hottom, or under-water skin of
the ship. The part shaded (fiz. 4) is that part which tends to
upset the ship, and the nature of this upsetting force, produced by
the under-water body, must be examined.

"To this end observe that it is a symmetrical body, the right and
left sides being of the same size, of the same shape, and in the
original upright position of the body exactly balancing on both sides.
Itz whole effect, then, may be assumed as concentrated in a point in
its middle line, This point call B, or the centre of effort of the
under-water body.*

The buoyancy or upward pressure of this under-water body will
take place dirtetly upward in the line Bb, and it will he seen that
this iz quite on one side of the centre of the vessel. Tt is next to be
noticed, in figs. 2 and 3, that the centre of the weight W iz on the
opposite side of the upright line. When the ship careens over to the
tight, the weight also inclines to the right and downward. When
the ship careens over to the left, the weight also inclines to the left
and downward. The direction of its effect is marked by the down-
ward line War.

Therefore, when the ship is lowered on the right side, fhe effect of
the weight from above i3 to press it downward on thet side, while
at the same moment the effect of the under-water bady is equally
bad in raizsing the opposite side out of the water, The ghip is beset
by two opposite forees, which, nevertheless, conspire in their had
effect. Omne sinks the right in the water, while the other lifts the
left out of the water, so that with opposite means hoth tend to overset
the ship. It is thus seen why the under-water body is the upsetting
part of the ship. The larger it is, and the greater its power to carry
weight, the more it will tend to overturn the weight it carries.

Some counteracting power must, therefore, be looked to, not
merely to nentralize the overturning effect of the top weight and
the upeetting force of the under-water body, but to do more than

# Of coarse thiz point represents the resaltant of an infinite number of prefsures.
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nentralize them—to give a halance of righting foree which shall
constitute the stability of the vessel; in other words, the power to
right herself after she has been foreed over.

This righting foree is found in the *shoulders,” which lie between
wind and water, and are continually going in and out of the water
on one gids or on the other. When she leans over to the right, the
whole of the right *shoulder” is immerzed ; and the same may be
said of the left “shoulder,” each counsisting of & wedge-formed body,
with its point at the middle, and the base or heel of the wedge on
the outside of the ship, the whole of the base or heel rising out of
the water, and falling into it again as the ship careens. One-half
the angle of this wedge is called *he angle of heel” or *the angle of
inelination,” and iz taken as the measure of the roll or eareen of the
ghip. A ship, for example, i3 said to roll or careen 16° when the
angle of this wedge is an angle of 30°. It is convenient generally
to speak of* some fixed angle for this purpose, and 28° may therefors
be asaumed. For chips of war it has been common to nse 15°%, as it
iz desirable for the sake of the guns that the ship should not roll or
careen more than this;* but for merchant ships, under a press of
gail, there is no harm in their careening 14° in and 147 out of water,
a total of 28°%  These wedges or “shonlders™ are sometimes called
“(he wings,” sometimes © the solids of tmmersion and emersion.”

To examine the effect of each *“*shoulder,” when it has been foreed
under water, to rise again and raise the top weight with it, one
must consider the amount of its effort, the plece where it may he
reckoned as concentrated, and the direstion of its effort. The quan-
tlt]’ of its effort iz measured by its buoyant power, or the number
of cubie feet of water it displaces. Tts bulk in water, therefore,
gives a measure of its buoyant or upward force. The p!am in which
this buoyant effort takes effect is about two-thirds (%) ontward from
the point O of the wedge (fig. 4). The effect it produces may be
sssumed then as concentrated in R, and the buoyant effect, being
directly upward, tends to upright the vessel on the side which has
been depressed under water.

But it should be ohserved that that eide of the ship on which the
“shoulder” lies under water is also that side on which the top

¥ With the exeeptlon of cur monltors, few of our sorew men-of-war can claim ever
this,
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weight tends to descend and overset; and it is therefore obvious
that the tendency of the *shoulder” is to help the descending weight
to rise again, and therefore to right the ship.

But the vital question is, Whether the “shoulder™ has power
enough to doso? In order to be effectual, it will not be sufficient
that it should be capable of supporting the top weight merely. It
has alzo to counteract the upsetting tendency on the opposite side
produced by the under-water body.

It must not eseape notice that the under-water body is dlways on
the contrary side from the “shoulder,” always tending to upeet the
ship on that side from below, 2o that unless the *“shoulder” be more
pawerful and act more energetically than the under-water body, the
ship will infallibly upset. The *shoulder,” therefore, has these two
tasks at onee: It muost be strong enough to neutralize the upsetting
force of the under body at the same time that it sustains and counter-
acts the overseiting force of the top weight, and the surplus power
beyond these two will right the ship.

It iz this surplus power, beyond the two effects counteracted, which
gives stability, its measure being called “ the measure of the stability
of the ship,” and the art of the constructor is to make it always just
as much as is wanted for this purpose, and no more, for more is of
itself an ewl, and defeats other good points.*®

To measure the upsetting force of the under-water body, its volume
is measured, after which its power 1s found by taking the weight of
an equal quantity of water. Then assume that power as applied at
its centre of action, commonly called “centre of gravity”(B). Draw
a line direetly upward through this point, and enll that “ the line
of action of the upsetting force.” Mark the place (5) where this
line cuts the water. It is on the waterline that the comparisom
between the forces causing stability can be most directly seen; hence
it may be ealled “the line of comparison.”

To measure the righting foree of the *choulder,” in like manner
measure its volume, then find its power by taking the weight of an
equal quantity of water. Heckon this power as applied at its centre
of action or centre of gravity (R), and draw a line directly upward
through thiz point, calling it the *line of action of the righting

* Tao much etability is almost as great an evil as too little, (See Art. 114k, p. 18.)
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force.” Mark the place (¥} where this line cuts the water, and here
its action may be compared with that of the other two forces,

The third force has been already measured; it is the top weight
placed on the vessel, and it iz 12 tons for each foot of length, To
compare this with the others, let fall through its eentre of gravity (W
ite line of action, which cuts the water at some place intermediate
between the other two, Mark this place (w), The water-line now
shows the thres points of comparison desired,

Of the three—first, compare the upsetting and righting foree of
the hody and * shoulders,” which are on opposite sides of the middle
of the ship and eounteract each other, In the caze under considera-
tion, one, the upsetting force, is much larper in quantity than the
other, the righting foree—larger in the proportion of 3 to 1; but the
smaller foree acts more advantageously than the greater, so much so
as to overpower it, because ifs centre of action (r) iz four times
farther from the centre of the ship on one side than the point of
action (b} of the other. The combined result, therefore, is in favor -
of the righting force, and the ship has stability and will right itself,
If the other force had preponderated, it would have had instability
and have overset, even without & deck load. The question now re-
mains: How much stability has it? In other words, how much top
weight will the ship carry, and how high? .

To find this, multiply the volume of the under body by the dis-
tance (OF) of its line of action from the centre, subtract it from the
righting force multiplied by the distance of its line of action (Or) from
the centre; the bhalance, in figures, shows the balancing quantity of
foree the “shoulder” is able to carry.  This may amount to & weight
of 12 tons, multiplied by the distance of the line of action (Ow) of
the top weight from the centre of the line of comparison, If this be
0, the vessel has stability enough not to be overset; if, on the con-
trary, the surplus iz less tham this, the vessel will be overset, This
surplus sustaining power, however, is the measure of stubility, But
in this caleulation all consideration of the effect of the weight of the
ship itself, either in oversetting or in righting, has been omitted, It
may happen, and does happen in practice, that the weight of the
ship alone, without a deck load, is enough to upset her* In such

¥ It has vocurred in proctice thed vessels apon being lsunched have immediately
turned botiom up.
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case the weight of the deck load must be treated as the whole weight
of the ship, the point of action of this weight being taken in the
centre of action of the sum of all the weights of all the parts of the
ship and her equipment.  In this view of the case, after substituting
in the ealeulation the total weight of the ship, as well as the weights
on it, instead of the deck load, we must examine the height at which
the whole of these could be carried without upsetting.

This height is taken as a convenient way of estimating the surplus
righting power of the *shoulders’ of the ship; because in compar-
ing different ships one may, without reference to their weights or dis-
placements, compare their righting powers or stability by the height
above the water at which they have power to carry their own weights,
For example, a ship which has power to carry her own weight & feet
above the water, and another which has power to carry hers 3 feet
ont of the water, may be saild to have relative stabilities of 2to 15
but if the magnitude of the ships also be considered, and one is
double the bulk of the other, and has power to carry its weight twice
az high, the absolute stability of the one may be four times that of
the other, although their relative stabilities, reckoned by height alone,
are 22 2 to 1, The upsetting power of the bottom of a ship and the
righting power of the *shoulders” are, therefore, the two rival forees
which continnally oppose one another.

These two forces depend entirely for their quantity, their propor-
tion and the manner of their action upon the forethought, knowledge
and zkill of the designer of the ship.

The proper balance of these forces in the design makes the ship a
good or bad carrier of top weight, and the height at which it ean

carry all itz weights is a point of the greatest value in every ship,
and in men-of-war especially. If a considerable mistake be origin-
ally made, it is scarcely possible to correct it by anything short of
rebuilding the ship.



CHAPTER X.

ON THE PROFPORTIONS WHICH MAKE A STABLE OR UNSTABLE SHIP.

In framing the design of a ship few things are of greater import-
anca to be clearly seen, and uncedsingly kept in mind, than the
effect of the bottom to diminish, and the **shoulder” to increase,
power to carry top weight.  In order to give a ship thiz good and
indispensable power, it is important that the naval architeet should
not for a moment lose sight of the contrary nature and tendeney of
these two forees, sinee it is from the omission of, or inadequate eon-
gideration given to, these two effects that crank, unstable and unsea-
worthy ships have so often been built,

Crankness was & general fault of shipe built in the early part of
this century, and means two things: inability to stand upright, and
facility of being upeet by top weight. The eause of crankness is
often supposed to be shallow draft of water, which would be cured
by deeper immersion. ‘This is & radieal error ; there is no more eom-
reon source of crank ghips than this general impression. The con-
trary is the truth, :

Take a square ship, like a hox, filled with & light material, so as to
sink no deeper than one-fourth part of its breadth, it will stand up-
right well ; fill the same with heavier materials, so as to sink it to
double that depth in the water, it will immediately turn bottom up.
This is & very common proportion of draft to breadth, especially in
old ships, and iz quite sufficient to make a bad ship. As a general
rule, then, eihipa with a deep and large bottom and narrow “shoulders,™
or with & steaight, upright side and flat bottom and sharp bilges,
will be erank,

In most cases ships that are crank may be cured by altering them

g0 a5 to ineorease the breadth of their *shoulder” without altering
60
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their bottom.* They may also be cured by lengthening them, so a3
to make them, with a given load, draw less water. Both plans have
heen tried with suceess,

Table V. at the end of this chapter is given to show the Jimits of
the power of a square-built, wall-sided ship to stand upright under
heavy and high loads. To each breadth there is a given height, vp
to which she can carry top weight, and the table shows with what
proportion of depth in the water to breadth she can or cannot earry
her weights above water; thus the table shows that such a vessel, 36
feet broad and 18 feet deep in the water, cannot carry her weights if
their common centre lie above the water, and that she would require
to be 48 feet broad to carry them just 20 inches above the water.

In this table the figure 0 shows that if the whole weight carried
were no higher than the surface of the water, the ship would, never-
theless, be incapable of standing upright, and would bither list over
or upset. The figures show how high the centre of gravity of all the
weights carried, including both the material of the vessel itself and
the burden with which she is laden, might be raised above the water-
line without instability or danger of upset,

The value of this table is manifold; it shows how the extremely
ghallow, flat vessels of the Mississippi and other rivers are able to
stand up under their very heavy top loads and carry enormous float-
ing‘]mtals three and four stories high above the surface of the water.
It is their small proportion of depth in the water, combined with
their great breadth, which does it.+ It is this proportion which
enables them to earry mnot only their light cabins, but also their
heavy engines, boilers, foel and deck loads above the water.

It shows the proportions for floating-docks, which have to take
ships of great weight, raise them high and dry above the water, and
carry them steadily there. It also shows how high the centre of
gravity of a ship may be which a floating-dock of given proportions
ean carry, taking into sccount, also, the weight of the floating-dock
itsclf. It shows how the shallow floating platforms of such con-

# This is sometimes done by meana of “sponsons”  For the same reason o side-
wheel steamer is more stable than a sorew ship. This was effectually proved in the
snsea of the * Saransc” and “San Jasinte,” both of the same model, the guards of
the former inerensing her etability.

+ Refor to table of American river steamers, and this will be seen at a glaoce.
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trivances as Clark’s hydraulic docks are able to sustain ships under
repair by using the right proportion of depth to breadth for a ship
which has her eentre of gravity at a certain height above the water,

This table enables one to see, also, how the square-built, wall-
sided, deep-bottomed ships, =0 often built by uninformed or careless
shipwrights, turn out unstable and unseaworthy.

In using this table to judge of a ship or design, it must not he for-
gotten that the case assumed iz that of a boxformed or wall-sided ves-
sel, nearly redanguler in shape; but it is nearly true, also, of a vessel
slightly rounded off at the corners, and will be pretty exnct for many -
large, capacious ships. It muost be carefully borne in mind that the
table shows the extreme or upsetting heights to which the centre of
weight must nof be raized. The weights of a well-trimmed ship,
intended to carry sail well, should be kept so that the eenfre of gravity
may be several feet under the limiting height,

It should be further noticed that the lemgth of the vessel is not
given in the table. The breadth and depth being given, the length
has no effect on the height at which the whole Joad ean be cdrriad.
But length has everything to do with the quantity of weighi which
that ship will carry at the height in the table, Thus, a ship of 36
feet beam carries one ton for every foot deep; and for every foot in
length, 43 many tons as there are foet of her depth in the water;
therefore it is to be remembered that the weights carried at these
heights are limited by the total displacement tonnage of the floating
body. With these explanations this table is a safe guide for the
judgment in regard to rectangular, box-shaped or wall-sided, square-
bilged vessels
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CHAPTER XI.

THE METHOD OF MEASURING STABILITY.

1, Tre first method is to determine how much top weight will
eareen the ship to a given large angle—say 14° out of the perpen-
dicular, or in war wessels 7°—in order to compare the stability of
different ships with one another at this angle.

2, The second method is to find the extremely small degree of
careening which will be produced by an extremely small top weight.

By this investigation is dizcovered a curious quality belonging to
erank ships—narmely, that although a very small top weight may
make them lean over a little, they may, nevertheless, offer greaf
resistance to & great weight tending to ineline them much. It is
common to speak of such ships as being * tender,” rather than erank.

The following are the successive steps (figs. 2 and 8)

1st. Measure the bulk of the under-water body, the ship being in-
clined on alternate sides to the given angle,

21, Measure the buoyant foree ofi that bulk, taking 56 cubie feet
of bulk for each fon of buoyancy.

8d. Find the place of the centre of effort (B) at which this foree
acts, which is the point commonly ealled the centre of gravity of the
sinder-water body.®  Next, through the point thus found draw an up-
right line (Bb) cutting the water-line at some distanee from its mid-
dle. Then measure thiz distance (Ob) from the middle line of the
ghip.

4th. The line {0F) just measured is called *the effecfual distance
of the upsetting foree,” and being multiplied by the number of tons
already found as the measure of that force, the product is called
“the momentum of the upsetting body.” This momentum iz taken
as the measure of the upsetting foree,

* Or gentre of buoyapey.
04
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Sth. Measure the bulk of the righting body, or * showlder” under
water, when the ship is inclined at the given angle.

Gth, Measure the buoyant force of the bulk of the “shoulder,”
taking 36 eubic feet for each ton of buoyancy,

Tth. Find the place of the centre of effort in the “shoulder” (B)
at which this force acts, which is the point commonly called the eentre
af gravity, and is nearly two-thirds the breadth of the “shoulder”
from the eentre of the ship, or one-third from th? outside,

Next, through the point (R) thus found draw an upright line (Rr),
cutting the water-line at a point {+); of which measure the distance
from the middle line of the ship (Ov).

&th. The line (Or) just measured call the “effectual distance of the
uprighting fores,” and multiply it by the pumber of tone already
found as the measure of that force; this product call “ the momenium
of the uprighting fores,” and take it as a measure of the uprighting
foree.

9th. Next subtract the smaller of these two moments from the
greater. If the upsetting force be the greater, the ship will overset in -
that position, unless some heavy weight be placed on the bottom, or
some equivalent force be applied to prevent its oversetting, and such
a force will, in order to be effectual, require to have a momentum at
least equal to the difference,

10th. But if, on the contrary, the uprighting foree be the greater,
the ship in that position tends to npright iteelf, and can carry in-
ereased top weight, until this increased momentum becomes equal to
the surplus righting momentum,

It is this surplus momentum, either way, that is talen to measure
the stability or instability of the ship,

11th. If the surplus righting momentum be divided by the entire
weight of the ship, the distance will be found to which this whole
weight might be removed to one side without upsetting. This dis-
tance is reckoned as another measure of stability. If, now, this last
measure be divided by the sine of the angle of inclination, the height
will be obtained to which the whole weight of the ehip might be
raised without upsetting it; and this is a third measure of the sta-
bility of the ship, and is ealled the measare in height of stability of
form. .

It may be found geometrically by taking the point B, and through

: .
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it erecting a perpendioular to the water-line, which will cut the
upright middle of the ship at this height.

Thus measures of stability are obtained in three forms:

Ist. Power to carry a given weight at a given distance out of the
middle line,

2d. Power to resist a given heeling foree.

3d. Power to carry the whole weight at a certain height above the
watar,

The second methed of ealeulating the stahbility of a vessel is to
calenlate all the quantities given above, for some extremely minote
angle of deviation (say 41"} from the vertical position. This may
be said to measure the resistance of the vessel to deviation from
the vertical, whereas the former method measures her tendency to
return to the vertieal after having been compelled to make a great
deviation from it,

ELEMENTS OF BTABILITY.*

Breadth,—The stability of a vessel increases or diminishes enorm-
ously with its variation, whether the displacement remain constant,
or, the draft remaining constant, the displacement vary with the
breadth, In the latter case the height of the meta-centre varies as the
sguare of the breadth.

Displacement.—If the breadth remain constant, the stability in-
creases as the displacement decreases. And since in that case the
centre of displacement rises, the height above the water-line to which
the vessel’s load may be carried receives a further increment,

Draft —Agsuming both the breadth and displacement to remain
eonstant, the increase or diminution of dreaft lowers or raizes the cen-
tre of displacement, and with it the meta-centre., It does not other-
wise effect the instantaneons stability.

Stowage of Lading or Buallast,—The meta-centre indicates the
height to which the centre of weight of the vessel may be brought

#® There are bwo kiods of stability; vis. ; Staficel and Dynaomical, STATICAT STa-
BILITY in the moment of Foncn [or effort) by which o doating body endenrors o regain
ite upright or dertfenl porition afier kaving been defeeted from that position. Drrawe-
OAL STARILITY 44 fhe amownd of WORE (£ &, weight of the body in s, avoirdupais,
multiplied by the vertical beight in feat of the som eor differences of dizplacements of
the contres of gravity of the body and of the water It displases) dong on any body, in

order to defleet it through any angle from ite wpright position,



THE METHOD OF MEASURING STABILITY, 67

without upsetting ; and the amount of stability for very small ineli-
nations iz measured by the distance hetween the meta-centre and the
centre of weight. The stowage, therefore, effects the instantaneous
stability in so far as it raises or lowers the centre of weight, and not
farther or otherwize, As the meta-centre fixes an absolute maximum,
which being reached the vessel has no stability whatever, the weights
must, in practice, be kept considerably below it, as the vessel must
have reasonable stability.

Curve bownding Plane of Flotation or Form of Water-line~This
element of variation may be considered apart from all others, and
even independently of the proportion between length and breadth,
Celeris paribus, fine lines may reduce the stability, measured by the
height of the meta-centre above the centre of displucement, to one-
half what it is in the rectengulor bozx.  (Fig. 6.} -

FLength and Lateral Stability.—This element may be always disre-
garded, except in the mere caleulation of actual weights, provided
the same breadths and depths at proportionate lemgths are main-
tained.

Weight—This element is merely a factor, and is of no other ae-
eount in the investigation of stability.

A wessel with nothing movable in her has her stability completely
determined by the moments on the water-line of the three following
forces, only two of which are independent:

lst. Her weight.

2d. The upward pressure due to her displacement,

3d. The foree required to keep these in equilibrium.

Distinction betiween Heeling and being Listed.—A vessel is sald to
heel when she is pushed over by an extrancous foree, on the removal
of which she would alter her inclination.

fhe is said to be Hsted when she has found equilibrium in any
position other than upright, whether owing to an unsymmetric dis-
tribution of her weight or to any peculiarity of form. A Zs, there-
fore, implies equilibrium (though unsymmetric); heeling exclodes
equilibrium. -

Az applied to a vessel heeling, the meta-centre has no meaning,
except to indicate how an alteration of the weights might be made to
give equilibrium. As applied to a lafed vessel, it has the same
import a8 to a vessel floating upright.  In both these cases it affords
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practical means of comparing many different forms, especially where
the variation to be considered iz in the water-line. .

Ag a rule, when two floating bodies are homogencous and homol-
ogous, and their breadths B and b, their stabilities are to each
other as B'to ', If two homogeneous bodies have homologous trans-
verse gections, but not homologous longitudinal sections, and their
lengths are L and /, and breadths B and &, their stabilities are to
each other as L ¢ B to I % #. A rough comparison between two
shipa may therefore be made by comparing the products of their
lengths and cubes of their breadihs. '

Fig. 5is 36 feet in breadth and 27 feet in depth—scale, 4th inch
to 1 foot. After inclining this form to the taken degree, and after
having calculated the piece OO as mentioned in the table, another
ling is drawn below the upright water-line on the side of the im-
mersed part, going through O, making an angle, ¢, with the
upright water-line. Through this line the whole immersed body is
divided into two parts—the “upsetting” part and the “righting
part.
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CHAPTER XII.

STABILITY-=FOWERS AND PROPERTIES OF THE "SHOULDERS.™

THE sum and substance of what is known of the nature of stabil-
ity is that the “shoulders” alone give to the ship righting or upright-
ing power, and that no other part of the ship ean be so formed as to
increase the righting parer given by them. ‘This righting power is
equally effective in squaring the ship to the water, whether it be etill
water or rough wave water.

The under-water body can in no way help the ship to ke:e_p up-
right, since there is no kind of bottom on which she can be said to
rest in the water. The most that any under body can do, either by
shape or size, is to take less away from the stability miven by the
“shoulders” than some other shape or size of under body takes away.
Rize of bottom, therefore, or quantity of under-water body, lessens
the stability of a zhip, and has to be counteracted by the power of
the “shoulders,” In short, hottdm tends to upset the ship; o much
=0, indeed, that if it be large and powerful, it may take more than
the whole power of the “shoulders” to keep it down and prevent
the ship from capsizing. In any case 1t weakens the effect of the
“ghoulder” by the whole of its upsetting power.

1t is only, therefore, the surplus power of the “shoulder” remain-
ing over and beyond what is employed to keep down the under body
which is available for use in carrying & press of sail, or in supporting
top weight out of the water. If there be any such surplus, it is
necessary to find out how much there is, to gee if it be enough to
carry 4 press of sail, and enough also to carry top weight, as then
the ship may be able to do without ballast,

By ballast, in the general sense of the term, iz meant weights car-
ried under the water, in contradistinetion to weights carried above
the water, or top weights. There are two ways of ballasting a ship;

Ta
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on® is by the real lading of heavy weights under the water; the
other iz by putting weights, which are not parts of the lading, nor
essential parts of the ship, low down in the ship for the mere purpose
of helping the “shoulders™ to carry top weight; this latter being the
old prineciple of hallasting.®*

Weight placed under the water in either way may be said to have
the following effects; first, by being under the water as far as the top
weights are above it, it neutralizes the bad effect of these top weights
and balances them. Tn this way under-water weight sassists the
“ghoulders” in earrying top weight.

There is another way of looking at the effect of under-water weight
in giving stability; it aids the *“shoulders” in keeping down the
under body. In this way, as well ag in counterbalancing top weight,
under-water weight helps the “ shoulders,"

Thus'it is that there are three agenta in stability —two arising from
the shape alone, and one from disposition of weights. The shape and
zize of “ shoulder’ give stability of form ; the shape and size of under-
water body give instability of form. What of the power of the ““shoul-
der” remains beyond counteracting this under body is the troe surplus
stability, or measure of righting power, for that form. This surplus is
all that can be used for navigating a ship and carrying her top weights,
If more stability be wanted, it can be obtained by weight alone.  All
the weights of a ghip which have their common centre of gravity in
the middle of the ship, just between the two * shoulders,” neither halp
the stability nor hinder it. OUnly weight placed below Lhe middie of
the “ shoulders” gives help and inereases stability ; and if the centre of
all the weights of the ghip, cargo and ballast, taken together, fall above
the water-line, the surplus power of the “shoulders™ may enable her
to carry =ail; if not, there is no resource left but to lower the weights
in her, or to place ballast in her bottom; in other words, to supply -
the defect of stability of form by adding stability gf weight.

As, therefore, stability of form is that power which the naval archi-
tect alone can confer on his ship—while stability of weight may after-
ward be regulated by those who lade, and control, and navigate the
vessel—the form and action of the “ shoulders” are the province in
which the skill, contrivance and forethought of the designer of the
hip can be most powerfully and usefully employed.

# Fineham states that in 1753  three-decked ships™ arried 480 tong of this dsad weight.
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HOW TO GIVE A& SHIP STABILITY WITHOUT GREAT BREAODTH OF * SHOULDER."

Bresvra of “shoulder,” properly placed, gives power to stand
upright and to earry heavy weights above the water ; but cases often
occur in which stability is sought and breadth of * shoulder” denied.
Thiz may arise from local cauvses, such as the parrewness of a dock
entrance, or from a wizh to obtain certain other qualities which
may be inconsistent with great hreadth,

In this case the dimension of length iz the only one not limited,
and the question arises, How can length take the place of breadih ?
To find out how stahility may be given by lengih where the breadth
ia limited, it must be remembered that if the two ends are made very
fine, in proportion to the middle body, they may be considered as
having little effect in giving frereased stability to the middle, Now,
in alf vessels with fine ends, very large portions of the two ends have
merely stability enough to upright themselves, and have no power
whatever to help the middle body to earry top weight. These two
portions, therefore, may be taken as newtral parts of the vessel—
neither helping the widdle body nor requiring help from it, and
therefore it simplifies the subject very much to leave them altogether
ont of the question,

Suppose fig. 10 to represent the dow of a ship, and fig. 14 to rep-
rezent the sern of & ship at the mean depth of water. The form
fiz. 10 barely stands npright with its own weight. In like manner
the form fig. 14 barely stands upright with its own weight, and a
very slight elevation and depression of weights would make them
ahsolutely neutral.

It is plain, therefore, that these forms, if taken as types of a cer
tain kind of bow and stern, do not affect the stability of the middle

body either way, These two ends may be assumed a3 types of the
(F:
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* elipper” bow and stern.  Suppose fig, 11 to represent a “bell” bow,
and it is seen that instead of being any use, this “bell™ bow i= unable
to carry itself, and would require help to a very great extent. Fig.
12, on the other hand, taken asa type of the “wave” bow, has a
powerful surplus stability at its deepest immersion, while only at its
lightest immersion does it need help. Fig. 13, which is the extreme
of the flare-out’ bow, is unstable at all immersions, snd worse than
helpless, It is plain, therefore, that the naval architect need not
trouble himself to seek much help from any of these bows: it is to
the stern that he should look for any help he may want in supplying
the needful stability.

It is found, by long practical experience, that there exists a wide
scope for obtaining power, stability and weatherliness to a ship of
limited beam by a wise design of the after body.

A erank, narrow ship, may be rendered stable and weatherly by a
very moderate alteration to the bulk and form of the after body.
The secret of siccess consists in uniting with a very fine line under
water a very full line at the surface of the water. Fig. 10 has great
stability at its two deepest immersions, and is not deficient in sta-
bility even at its lightest. Fo great is its stability that very fow
amidship seetions even compete with it, and to most of them it would,
at its deepest drafts, impart an enormous increase of that quality.

There iz another point where the constructor can use the form of
the stern with great effect, for the power of a middle body to carry
top weight lessens as the draft of water increases, Thia is the same
as gaying that in proportion as heavy top weight presses the vessel
more down in the water, so does this very depth in the water diminish
thie power of the midship hody to earry its top weight. The reason
for this is already known to be that bottom buoyaney increases both
the quantity of the upeetting force and the advantage with which it
acts. Now let it be observed how the dfter body can be used, so as
exactly to counterbalance this defect of the middle body, and make
good the stability of the ship in exact proportion to tl:u: inereasing
top weight which presses it down in the water,

The skillful architect will carvefully cut away bottom buoyancy
from the stern of the ghip, which will enable him to make the *run”
as clean and fine as he wants it to be.  Nearer the middle the stern
may be like fig, 15, and further aft like fig. 16; and finally like fig.
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14. Hach of these forms has a growing surplus of stability over that
necesgary to support itself, in something Iike the following proportion
to the increasing draft of the water: Fig, 16—3 when lightest, and
7 when deepest; fig, 16—3 at middle draft, and €& when deepest;
and fig. 14 only 4 when deepest, but negative at the two other drafts,
The more, therefore, of a form approaching to fig. 15 the constructor
can put into the stern, the more powerful will be the resourees he will
have developed in the stern to aid the good qualities of the middle
body, and to supply stability to do the work required exaetly ai the
time and in the manner where it is most wanted,*

Constructors of the old school declaimed against a full after body
and insisted on a fine run; but in truth there was no reason why
either should have been sacrificed, in so far as concerned its practical
vze.  On the bottor of the stern give the finest possible run: it is
there where it is wanted, thera alone where it is useful ; so there give
it to the utmost. Near the surface of the water, on the contrary,
fineness of run iz not only of no value to speed, but has many dis-
advantages of every kind. A wisze constructor will seek there the
stability he wants; since the buoyancy may be taken in large
guantity near the surface of the water without impediment or in-
crease of resistance; in short, as much as is wanted to make the
vessel a pood and stable ship. A mine of good gualities is here to
be found, formerly comparatively unworked, mainly on account of a
vague but widezpread prejudies, having no better basis than the old
saying: ““Cod's head and mackerel tail” *“Cod's head” meant
simply the putting the fullness required for etability to carry sail
in the bow; and “mackerel tail” meant taking it away from the
stern.  In former days it was not known that putting fullness in the
bow, to create stability to carry sail, was putting it in a place to
render that sail useless, for there it prevented it from carrying the
vessel rapidly aud easily through the water. The “wave” prin-
ciple enables the modern naval architect to take away all that bluff
buoyancy from the bow, where it does so much harm, by simply
transferring as much or more busyaney and stability into that part
of the stern where, instead of doing any harm, it does good in every

» The form of the eross sections should be such that the volame of the wedges of
immersion and emersion should be equal ; otherwise the eentre of gravity will risa
during the waotion' of rolling, and produee an aneasy and very straining motlon,
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way, because it leaves the bow fine, of the form of least resistance,
least disturbance and of greatest speed, while it transfers to the stern
heavy weights which would harm the bow, and brings bulk where it
gives room, buoyaney and stability.

Moreover, this room is given in that part of the ship where it is
generally of the greatest value, both in a mercantile point of view
and—in ships propelled by the screw—in a mechanical point of view;
for it is exactly a form of stern, extremely fine and clean below,
which is best Zuited for the serew's effective action, while the
buoyancy and room above are all required in order to earry and
counteract the great weights and mechanical forces due to the action
of & propelling power in the after end of a ship,



CHAPTER XLV,

HOW TO MAKE & SHIP DRY AMD EASY.

THERE is probably no point in naval construction subjeet to such
variety of opinion as how to obtain ease and dryness in a ship head
to wind, since there are several causes of seaworthiness and conse-
quently counterpart causes which make a ship wet, uneasy and
laborsome, .

It is necessary to examine this subjeet to arrive at just conelusions,
because these same causes also make it either easy or diffienlt for a
ship to ride at her anchors in heavy weather or in & storm in the
open sea when lying-to. The qua,lfﬁfa proposed for consideration are
among those which it is most important to decide accurately, because
they aré those which enable a ship to survive in safety the perils of
the ses.

The first elements of riding easy are form and size of bow above
the water. Bome thirty years ago it was believed that a seaworthy,
comfortable, safe veszel must have a high, wide, roomy, round, bloff
bow, and that such a bow would enable a ship to throw aside every
head wave and rise high and dry above the sea, the idea being that
great over-water bulk and buoyancy was the grand consideration
for securing the ease, safety and comfort of the ship.

It must be admitted that the example of the Dutch and of many
others countenanced these opinions of the old school, and certainly
any one who has seen how the Dutch fishing-hoats and the pilot-
boats, on the coast of Holland, ride out & storm on that dangerous
and shallow coast, and ride safely over the breakers, would be apt to
form & prejudice in favor of a buoyant, bluff bow.

There are many points in the structure of these craft which peculi-

arly fit them for their special purpose ; their bows are more bluff' even
T8
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than a circle, they recede inward under the bowsprit, so that they
are the extreme and perfection of bluffness. But there could be no
greater error than to take them as the type.of seagoing ships,
although it is & common blunder to fancy that the form which an-
swers well for one purpose on a small craft answers equally for all
purposes on the seale of & large ship. This natural belief has, how-
ever, been the parent of the greatest errors in naval architecture: it
is an Tdol of tradition.

The hest constructors of the present day hold a helief contrary to
all this, and it is believed to be the experience of all intelligent
seamen who have sailed in good vessels of the modern form, that the
long, fine, hollow wave, or even straight-line bow, carried well above
the water, rides easy and gently head to wind, when a full bluff bow
could not live*

Russell mentions an instance in which he illustrated this some
twenty years ago.t He 'é&jra: “I built four eutters of four large
* ships, all of the same dimensions, with four different shapes of bow—
8 “aware” bow, a “slraight” bow, a *“parebolie” bow, and a round,
“bluff™ bow, I allowed the four captains to choose each his own
boat in the order of seniority. The oldest captain took the bluffest
bow, of course, as the best =ea-boat, and the “ wave” bow was left for
the last. In order to test their dryness and safety, head to sea, T
had all four taken out together and foreed through the water at the
same speed by a steam-tug., The speed was steadily inereased, until
at last the water was coming over the bows of the bluff entter in such
quantities that the trial had to ceaze in consequence of the head zen
pouring into her and filling her; the boat at the same tifie yawing
about wildly beyond the control of her rudder, and threatening to go
down. All this time the orew of the fine * wave™ how, at thé same
speed, were dry, easy and comfortable; and so there was an end, in

® A marked illustration of this fast cocursred during & eyelone in the road of Fun-
chal, Madeirn, in March, 1868, An English sailing bargue (built of iron), with the
lomg fine how, a5 above, rode out the gale and heavy sen with the utmost eaze and dey-
ness, withont siriking any yards or ppasa ; while the full, bluf bowe went on shove and
ware wreeked, with the exeeption of the U. 3. frigate ¥ Cumberland,” whish was only
saved by the gupericr nature of her groond tackls and equipment, and & fortonate
shange io the wind at s critical moment.

1 Bee the # Modern System of Naval Arehitecture,” by Mr. J. Scott Russell, from
which a great portien of this work is taken.
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this case at least, of the prejudice that the full bow was the safe and
dry hoat.”

On a large scale, however, the circumstances.may be different,
though observation of the effects of propelling vessels with full hows,
head on to the sea, leads to but one conclusion, whether the full-
howed ship be propelled by steam against a head sea, or riding at
anchaor, or laid-to head to wind in a storm. _

For the fullness of the bow does canse the ship to rise over the
waves and to aseend on the coming sea; but, unluckily, it rises too
high and too far, whenee it follows that when it reaches the top of the
sea 4 grreat quantity of the bow is left high and unsupported in the
air and out of the water. In the next second the unsupported body
falls with a rapidly-aceelerating velocity, and by ite momentumn in
 falling plunges deep into the hollow of the wave, Ttis there met by
the rising face of the next wave, which lifts it high in the air, when it
again plunges heavily into the hollow of*the next sea. It is this
plunge into the succeeding sea which produces that violent ghock that
no ship can withstand for a Jong time. The English steamer “Great
Britain” was an example of a vessel very fine below, with a great pro-
jection given to her above, under the idea of obtaining seagoing quali-
ties: in her first trial, however, she received serious damage from a =ea
siriking her in the manner above described. The same thing happens
to & ship with a full out-of-water bow when she rides a gale; the bow
receives from the ascending wave a rapidly-ascending motion till
che comes to the top of the wave, and then, going over the crest, the
whole weight of her unsapported, overhanging bow pitches down into
the succeeding hollow; half buried, she is brought up with a violent
shoek in the following sea, and o she goes on "scending and pitehing
violently over every crested wave.

It will be seen that such & vessel eannot make much headway
through the water, since the force propelling her no longer goes
to speed. It goes toward driving her up on the ascending wave
and down on the descending wave, and each heavy stroke of the
water on the immersed bow is just so much force expended in
stopping the ship, straining the timbers and westing the propelling
power. Effective speed loses, therefore, as much by such a form as
ease and secarity.

But it may be asked, * How should a vessel move, if not up and
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down over the sea?” To which it may be replied, “Up and down
certainly ; but not violently—as gently as possible.” The move-
ment up should be gentle, the vessel ascending just so much that the
rising wave may not enter the ship, and deseending on the other side
Just far enough to recover easily and without a shoek at the bottom
of the wave. In short, the motion of the vessel up and down should
be a litile less than that of the wave, aud a little slower; and this
desirable equilibrium ie aceomplished by a certain well-proportioning
of the bulk of the over-water part of the bow to the under-water
part. When the under-water part is very fine, the out-of-water part
must be made fine likewise. When the under-water part is full, the
out-of-the-water part will have to be proportionably full, and this
proportion may be best given by so arranging it that the bow of
the ship on the ascending part of the wave and on the descending
part of the wave ghall have nearly equal bulks, alternately exposed
below the water-line and immersed above it.*

It is to be observed, however, that at the bottom of the wave the
way of the ship exercises more foree upon the approaching wave, to
bury itself, than at the corresponding point of the top of the wave
to rise ont of the water. It is right, therefore, that the out-ofthe-
water part of the bow should be fuller than the under-water part—
just enough to prevent her taking in a sea.

It is evident, therefore, that this approximate equalify of fullness
of bow above and below water has a tendéncy to make the sides of
the bow between wind and water nearly straight, and also nearly
vertical, :

To this kind of bow there exists two in marked contrast, termed
the “fare-out bow” and the “tumble-home bow™ The *fare-out
bow™ is often called the * elipper bow ;" and there is another kind of
it, formerly called the *bell bow;" and midway between all these is
another sort of bow, neither tumbling home nor tumbling out: this
may be styled the “upright bow,”

The “&ell bow” was a favorite form with the builders of the
packets trading between New York and Liverpool thirty years sinee,
before the mail steam lines ruined that trade. It was a fancy of the
builders of those fine ships to give the bows a form somewhat re-
sembling a church-bell inverted, the swell cutward, or “flare out”

# The bow of the  Great Bastern” has been said to ascomplish thiz in elf weaihers,

b
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as'it is ealled, beginning about the “light line,” and flaring out all
around to the top of the bulwark, so that the forecastle occupied, as
it were, the mouth of the bell. .

There was, no doubt, something graceful and majestic about the
pspect of these great bows, and they, no doubt, huffeted the waves
triumphantly, but meanwhile the vessel was engaged in other work
than its duty. Its business was to have gone not. up and down, but
forward, and this the hell bow hindered, and expended useful foree
in unnecessary but magnificent struggles. A bow was wanted that
should elude the waves and pass them—escaping its enemy, not
fighting it. .

The elipper bow was next introduced to accomplish the dezign of
the bell bow without involving its defects. Believing still in the
advantage of a large flaring-out bow, the inventors of the clipper
bow endeavored to ohtain the supposed advantages of great buoyaney
without the impediment produced by so much immersion in the
water ns the bell bow involved, “For this parpose,” said they,
““lot us bell the bow laterally and draw it out longitudinally inta
a fine point; thus we shall preserve its bulk, but improve its
Ehﬁpeili‘ .

Hence the fashion came in of ppolonging the bulwarks of the
ghip at the level of the uppér deck a great way forward, even 10,
90 or 80 feet in front of the actual ship, and there they were
drawn out into s fine point above, and joined to the real ship about
the waterJine, everywhere with a kind of hollow flaring outzide,
This system certainly mitigated some of the evils of the blufl bell
bow, and & large volume of buoyaney in the upper part of the bow,
enormougly in excess of the part in the water, was obtained. ®

Yet it must always be regarded as a bad quality to have on the
sides of a ship large overhanging projections, whether they “hell
out” or “flare out” It is emough to say that they injure apeed,
and that they give uneasy motion to & ship, and that overhanging
surfaces generally strike the water violently and unensily. There
can hardly result any good in a large flaring-out bow, whatever
its shape may be; and it must be paid for in weight of material,
in want of strength, in resistance to speed and in uneasy motion,

# The clipper vessels of Messre. MoKay of Boston snd Hall of Aberdeen ate Very
gusozsaful jnstances of the applisation of this system.
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The most plavsible recommendation of a * flare-out” bow iz, that
it throws the water off and makes a ship dry; but this is true only
in 8 certain degree and in certain circumstances—not general—
and rarely belonging to the cases now under consideration, If
a veszel of fine and upright form in every respect have o slight
“flare out” given to it at the top, it will tumn over the tops of
the waves and prevent some spray from coming on board; bot if
it really strike solid water instead of spray, it will do =0 with such
force s to send that water into the air large quantities; and
if the vessel really take in green water over the * flare-out” Liaw,
the danger to the ship produced by the mass of water fn that
place is so serious that no imaginary beauty ean even justify such a
defect.

It is helieved that a much hetter form of ‘how is the nearly up-
right, or say the “tumble-home’” bow, provided the eonstruetion of
the other part of the ship will admit of it,

A dry vessel is made not by a bluff overhanging bow to bruise,
beat and buffet the waves, but by a long, thin, sharp bow to elude
the waves, to pass through them so as never to break the water at
all; in short, & bow so formed as to effer the minimum resistanes
to the passage of the vessel through the water, not in one diree-
tion merely, but in every direction all vound the bow, above aud
below.

According to this fashion, the full projection of the bow should be
on the water-line, which alone should first panetrite the waves,
while the top sides of the vessel should “fumble Lhome,” and the
whole be rounded off so beautifully aud smaothly that nothing
should either vatch the water, stop the ses or break it Observation
and experience show that such vessels are the dryest and fastest in
bad weather, as well as the easiest sea vestels, and, above all, the
safest, If green seas ever come over the hows of such vessels, they
have a much smaller quantity to take in, they hold much less, and
what little does eome in s much farther back, and consequently
much less injurious.

The “tumble-home™ bow has never yet become “a fashion,™ hut
vessels have been buili with it which have proved themselves so
much the better for it that it is thought that ultimately it will be
generally adopted.  For speed, easy riding at anchor, ease in o gale
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of wind, or safety from the danger of shipping a se, no other form
iz equal to it.*

There are two exceptions, however, to this reasoning: A very small
vessel must have a large body above the water, if it be an open hoat,
to prevent its being swamped or filled with water; and where buoy-
ancy cannot be given by other means, it may be given by flaring out.

Another case iz that where the bow of a vessel is filled—as, how-
ever, it ought not to be—with extremely heavy weights, correspond-
ing buoyancy must be placed on top of the bow to make it rise to
the waves. This, however, is curing one evil by means of another.,

No vessel desipned for great speed onght to have much capacity
under water in the extreme bow, and in no ease shonld that part of
the vessel be occupied with heavy weightsy

# A aonzidersble number of the English blocksde-ranners captured during the late
war wers bailt with this bow. Though of small loonage sud limiled beam, as &
general rule they proved admirable sen vessels in bad weather.

+ Tharefora heavy pivot gans, In “ the eyes™ of sharp-bowed men-of-war, are greak
mistaked,



CHAPTER XV.

ON LONGITUDINAL STABILITY.

Ir, in conformity with the maxims in the preceding chapter, the
flaring bow (which eauses a ship to pitch high, "scend deep and make
bad weather) is removed, a long step will have been taken toward
making her ensy and dry, and many common canses of unseaworthi-
ness are thus obliterated.  But there still remain some arbitrary
matters, s choice of which goes far to enhance or improve the good
qualities of a ship,

The over-water bulk above the water-line is removed; but in the
choice of the propertion and form of the waler-line itself much has
to be settled on which may improve or injure the ship. It by no
means follows that a vessel without overhanging or flare-out bows is
either easy, dry, safe or steady, whether riding at anchor or going
through a heavy head sea, since the form of the water-line is also a
powerful agent in ease and seaworthiness,

The power of the sea to lift a ship's bow, and the force with which,
when lifted and left by the wave, it falls into the hollow of the suc-
ceeding wave, depend on the form of the water-line, and on the place
in which the water-line allows the weights of the ship to be carried.
As regards pitching and ’scending, it may be inguired how the water-
line can be formed so as to make the ship ride and drive easiest
through the sea P—understanding by *easy” that she shall vise and
fall gently, slowly and not far, Fortunately there iz a measure
which tells this exactly. The power of the slope of a rising sea to
raige a ship is measured by the same elements and methods as those
by which we measure the power of the water to support the ship side-
ways against the depressing power of her canvas on the Tee side, or
enable her to carry a heavy load upon one side,

The power of a head sea to lift the how of a ship is, therefore,
B3
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measured in the same way as lateral stability, only the elements are
reckoned lengthiwise, instend of being taken acroes the ship.* To
proceed, then, to the consideration of measuring the tendency of the
ceal 10 Taise @ bow which has heen depressed under its natural water-
line, let it be imagined that the bow (fig. 17) is pressed under water
by a displaced weight moved from O, the middle of the ship, and
placed in the bows at W. This weight presses a wedge-like part of
the bow ints the water, and raises the stern out of the water. The
wedge of immersion of the bow acts by its buoyancy at its centre of
effort with a righting force preportioned fo the bulk of the wedge,
and to the distance of the centre of effort-from the point O. It acts
in length just as the wedge of lateral immersion does in width. 1is
raising power is to be found, therefore, by muliiplying its volume into
the distance of its cenire of effort (R) from O. The power of the sea to
lift the how of a ship depends on the bulk of the bow immersed, the
length of the baw, the fullness of the water-line and the place of that
fullness. I a water-line be full forward, it will have great lifting
power; if fine forward, small lifting power.

- Having measured the power of a sea to lift a given bow, it is
necessary to measure the foree with which, when left unsupported,
it falls upon that sea, That depends upon the weight left unsup-
ported and on the point at which it acts, If the weights lie far for-
ward on the bow, it will fall with great force into the water, dezcend-
ing with a speed proportioned to its distance from the centre, and
plunging to a depth proportioned to the square of its falling velosity.

From these two considerations it Is plain that'a ship in ’scending
will be rajzed out of its horizontal seat on the water-line in a very
high proportion inverse to its fineness of bow, and that, in pitch-
ing, the ship will plunge less in proportion a3 the weights left
unsupported are removed from the extremities toward the middle
body of the ship. The importance in trimming a ship of =0 dis
tributing her weights 82 to diminish their effect in causing her to
pitch heavily, iz therefore evident. A bow fine at the extremity, but
taking fullness farther aft, makes a ship much easier than one which
iz leaner aft and fuller forward.§

# Thara is theralore a lougitudinael meta-centoe

{ Binge longitndinal stability is the antidote tq pitching and *seending, lateral sta.
hility may be said Lo ease, inereade or diminigh the motion of rolling. A ¥ juste
milien" must be sought in alther sase.
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The form and proportion of the stern has not here been noticed,
since the stern of a ship has not to be driven against a sea, and in
all ordinary practice is so sheltered from it that overhanging form
and unsupported weight, which would be a source of insccurity in
the bow, may be tolerated with safety and convenience. What ia
zaid of the bow may therefore apply only to the stern in a very
modified form.

il L RS
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CHAPTER XVI.

OM THE QUALITY OF WEATHERLINESS, AND HOW TO GIVE IT.

TaE nature, cause and cure of eranknesz or instability having heen
congidered, it is now known how to make a ship stable under every
ordinary condition of load, by giving her power of “shoulder” to
atand up stoutly and earry a heavy press of canvas in a stiff breese—
a quality which is therefore called sfiffress,

This quality of stiffness under sail, or uprightness, requires, ag an
addition to it, weatlerfines—a virtne as opposed to leewardliness, A
leswardly ehip is lizhle to be driven with the wind, though her head
be laid in an opposite direction. By leewardliness ships drive broad-
side on toward a lee-shore instead of lengthwize through the sea, and
g0, lacking weatherliness, are lost.,

Next, therefore, after stiffness comes weatherliness to go in the
direction intended-—to make headway across the wind and against
the wind, instead of driving broadside to leeward,

This quality iz to be obiained by considering an entirely different
aspect of the vessel from that hitherto examined, The ship haz been
viewed throngh her breadth merely; she must now be looked at
through her length and depth.

The full-length side view of a ship, as she zits npright in the water,
presents a much larger extent of surface than the cross view of her
breadth,

A ahip of 38 foet beam and 18 feet depth in the water, may have
648 zquare feet of fmmersed cross section; and, In order to force the
vessel through the water, those 648 square feet of midelip secfion™
must be pushed in the divection of the length of the vessel. Thiz the
propelling power must do ; and supposing it requires a presaure of 30

£ Generally kuown s the [ (or dead. fod) section.
a8
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Ihs. to push each foot through the water at the rate of 10 miles an
hour, if the sails of the s'l:up have enough pressure of wind upon them
to give this foree of 30 lbe. for each square foot of section, the vessel
will go ten miles an hour before the wind.

This, however, is not the thing wanted; for the sails may be 30
trimmed, and the vessel’s head so laid, that by means of the obliquity
of the sails to the course, and of the eourse to the wind, the ship shall
znil technically “on the wind.” Now it is the business of the sea-
man to lay her head in the proper direction, and to see that her sails
are trimmed to the proper angle; but it is the naval architect’s work
to see that the form of the vessel prevents her driving to leeward.

It must be undersfood, therefore, that when the ship does not run
straight before the wind, but lies obliquely to it, the foree of the
winds acts in two directionz.  Partly it forces the ship its own way
or to leeward, and parily it forces her in the direction in which her
head is laid, or to windward; the practical question being how to
make the first as Zittle as possible, and the second as muel as possible,
—in short, how fo make the ship weatferfy, This the naval architect
has to do.

The means by which weatherliness is given consists in interposing
the greatest possible obatacle between the leewardly part of the wind
and its effect, The ship must be so construeted that it will be hard
for her to drive to leeward and easy for her to go to windward; and
the antidote to Teewardliness is lurge longitudinal seefion.  As 648 feet
of eross pection are to be driven in the course of the ship, there must
be much more than this, and as much more as possible, in the other
direction at right angles,

If the comstructor can put six times 648 feet between the ship and
her going to leeward, she is made six times as hard to drive to
leeward as to windward, By this means it iz contrived that her
progress to leeward ghall be very small in comparison to her progress
to windward, even when the sails are so trimmed that there is as
much force pushing her the one way as the gther.

In eonsidering weatherliness, therefore, he has only to see by what
means as preat o surfice as possible can be interposed in the water,
so as to prevent the ship being forced to leeward. If the ship can
be made six times as long as she is broad, and preserve her depth
below the water all the way to an average of “18 feet—or say 17 foet
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at the bow and 19 feet at the stern, which iz the same thing-—then she
has a longitudinal section 216 feet long by 18 feet deep, presenting,
in the whaole, a resisting area of 3333 square feet.

Thus it is that a considerable excess of lengih bevond breadth is
levessury to give weatherliness, and therefore it will be plain that
unless adequate length be given, all the stiffness to earry sail, for
which 0 much breadth of ““shoulder” has been given, will be thrown
away ; because if the ship can earry sail merely, and that sail only
foree her to leewnrd, it is useless.  Btiffness, therefore, or hreadth of
““shoulder,” must have length to back it or it is worthless.

The area of longitudinal zection to give weatherliness must hear a
due proportion fo stiffhess and to area of cross section,  8tffiess mea-
sures power to drive the ship under eanvas; cross section messures
the foree necessary to drive it ahead; and lngitudinal section mea-
suves resistance to being driven to leaward,

Another element which comes in to assist weatherliness js the £a38
yith which the fine shape of a vessel will permit her to be driven
endwise through the water, and it is a faet that some vessels are so
well contrived for this purpose as, by sharpness alone, to veduce the
power necessary to propel them to ene-ficelfth of what it would be if
they opposed to the water simply a flab bow.

In the example the area to resist leeward motion has been made
greater than that resisting forward yaotion in the proportion of 6 to
1; and if the form be =o fing as to reduce the resistance to forward
motion still further in the proportion of 6 to 1, the comhined effect
will be in the proportion of 36 to 1. This would be a snecessful
achievement, for it would reduce the loss of motion by leewnrdliness
to & very small quantity.

It is generally reckoned that the extent of =ail which a ship can
carry in a fresh breeze may be six times the arvea of her longitudinal
section in the water. This, in the size of ship taken as an exam-
ple above would give an aren of sail equal to 3588 w6 or 23,528
square feet.  Now this agea of sail has got to propel the vessel with
an effective foree of 30 lhs, to each square foot of midship section,
and as there are 36 square feet of canvas for every foot of driven sec-
tion, the result is 30 lhe divided over 36 feet, or § of a Ib. as the
required force of the wind on a square foot.  Therefore it is plain
that a little less than one pound pressure on each square foot of sail,
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effoctive in the direction of the vessel's course, would be necessary to
propel her ten miles an bour, and this a very moderate force of wind
would accoraplish.

But an equal force would, with a given trim of =ail, be pressing
the ship to leeward. The effect of this other force would, however,
bhe expended on six times the aren, and- that area has six times as
much rvesistance to leeward as ahead. Under these circumstances the
motion through the water being as the square roof of the fores, the
leeward motion weuld be to the onward motion as the square root
of 36 to 1, which iz of ¢ourse 6 to 1.

The result is that the ship is driven six miles forward while she iz
driven one mile to leeward, and such a vessel would be an ordinary
full, hut wot fust nor weatlerly ship.

There are three ways in which the naval architeet ean improve the
weatherltness of this ship. He may diminish the ares of the cross
zection, fine the shape of the E-]lil‘.l z0 as to offer less resiztance, inerease
the area of the longitudinal section, and give inereased resistance to
leeway by inerease of length or of depth ; or he may do any or all of
these things af once.

The provess stated above assumes that the naval architect is at
liberty to give sufficient longitudinal area by the disposition of ther
body of the ship; that is, that he can have such a draft of water and
such a length of body as he may select. When his ship is not of
smitable dimensions, he has to resort to various expedients. If he
has not depth of water enough naturally in the body of his ship, he
has to add timber or deadwood to increaze the weatherly section of
the ship. When he adds this on the bottom it hecomes keel or fulse
Eeel, and is often carried to s great extent.  If this is not enongh, he
adds further deadwood in the shape of stern and cuf-water; and to
assist and balance these he adds as much deadwood as he can in the
run before the rudder, Tt is thus that vessels with a small body may
obtain a great weatherly section; and racing vessels, yachts and
clippers are frequently built in this manner to so extreme an extent
as to be nearly all deadwood and keel and little or ne body. A wves-
gel of this zort beeomes a mere racing phenomenon. But, neverthe-
less, by extending deadwood in every direction—before, abaft and
below—extraordinary weatherliness may be obtained at the sacrifice
of -capacity.
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When these arrangements fail, or cannot be applied, there remain
other expedients for securing weatherliness, The les-boards of the
Duteh eraft attain this. On the shallow, sandy coast of Holland no
deep keel is possible, and therefore the Duteh veszel at zea would drift
to leeward for want of depth of body; fo provide agaipst which zhe
carries on her les zide a large flat board of enormous arvea, which is
let down into the water in such a manner that the whole of the board
must be driven arf the flat side, leewardly through the water before
the vessel can make leeway. Omne of these fee-boards is carried on
each side of the vesel, so that either side when it comes to leeward
has its own ““ lee-bonrd” for alternate use. This is the Dutchman's
substitute for windwardly section, of which his small draft deprives
him.

Another sufstitute has been used, tevmed o “aliding keel™ or
“eentre-board,” and is formed by providing s hollow, upright aper-
ture in the middle of the vessel, in which a large flat boned is con-
tained, so that it can be lowerad through a elit in the bottom into the
water.®

These, however, are expedients merely in the last resort, when the
naval architect is denied the means of giving his vessel due propor-
tions. If due length can be given, it is much wizser to obtain weather-
liness by proper length and fine form than to seck artificial expedi-
ents, either in “lee-boords” or “eendre-boards,” or in exaggerated
deadwood ; but of none of these expedients should ke be ignorant;
and it iz better to obtain weatherliness by all, or any of them, than
to have a leewardly veszel,

In these days a sailing vessel of ordinary form is generally about
gix fimes as long as broad. To drive her at the rate of ten knots an
hour through the water reguires about 48 lhe. of force for each foot
of her midship or greatest cross section. Suppose the veasel has 100
square feet of immersed midship section, requiring a foree of 4300 1ha
to give her headway, and that the sails are placed at such an angle
that they press equa]ljr forward and over, or so that there zhall be
equal forces causing headway and leeway—thera will then he a force
of 4800 lhs. cansing leeway, and this foree is spread over 600 square
feet, forming the immersed longitudinal section of the ship.  On each
square foot of this section there will be, therefore, only one-siz-fiun-

# " lontreboards’” are obly used in yachis and other smoll veasels,
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dredth part of 4800 1be., or 8 Ihs. per square foot of section, This 8
Ihe will cause a leeway of Jess than 2 fnots. This example shows
the great advantage obtained in sailing vessels by large hold of the
water. It is plain that by giving this vessel greater length and
depth, her resistance to leeway might be doubled, so that the force
causing leeway would be divided over double the area, and be re-
duced to 4 lbs. per foot intead of 8, and this 4 lba. per foot would
only give a leeway of 1.25 knots per hour,

Table VIL shows what happens when the sails are set at an angle
of 45° to the course of the ship, and the wind is right abeam. In
these cases there is equal pressure along ihe ship's eourse and to
leeward, The lesser leeway avizes from two causes: the greater area
of longitudinal section than of midship section and the fineness of
the shapes. Tt will be seen that in the full form of vessel the lee-
way, nnder the pressure that produces 12 miles an hour, is 2 miles
an hour. Under a pressure of 1 1b. on the sails, the headway is 10
miles an hour, and the leeway 13 miles. This would be the case in
a fresh breeze carrying all sail.  When the vessel is proportioned for
greater speed, with o greater proportion of length to the same area
of resistance and a finer form, the leeway is reduced and the speed
increased.

These calenlations are made upon the supposition that & vessel's
resistance to leeway is the same as that of a thin plate equal to her
longitudinal section. But vesscls with round bilges let the water
pass underneath them from one side to the other more easily than a
vertical plate, and so do all ships when they careen much. A little
more leeway must be allowed for in these cases.
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CHAPTER XVIL

HOW TO MAKE A SHIP HANDY ARD EAZY TO STEER,

TaE first part of handiness consists of balance of sl the second,
of balanee of ship; the third, of proportion of rudder,

Unless the zail be balanced, the ship will deive with the wind,
instead of moving toward her destination; for if there be a 2ail on
the forward part of the vessel only, the wind will foree the forward
part to leeward, and she will drive head foremost; and if there he a
gail on the after part of the vessel only, her stern will go to lee-
ward, and she will drive stern foremost; wherefore, in order that
neither of these things shall happen, the sail on the fore part of
the wessel must he so placed and proportioned to the quantity afd
place of the sail on the after part that they shall exactly halance one
another in effect, o that neither one not the other can prevail. Thas
is virtnally to take away from the wind all power of defermining the
direetion of the ship; and the seaman, by properly regulating this
balance of =ail, can keep the ship’s head in any direction he pleases,

Thiz is balanee of sail, but it depends on another element—namely,
the balance of ship. The effect of sail at the bow may be exactly
balaneed by that at the stern; yet, nevertheless, there will be no
enduring halance if the bow be more easily forced fo leeward than
the stern, for then the head‘of the ship would go around to leeward,
A halance of zail forward and aft, and a balance of ship lengthwise
in the water—ihe one ealled * tris of satl,” the other *trim of ship”
—the forethonght of the naval architert must provide. To maintain
this equilibrium depends npon the ability and thoughtfulness of the
commander of the ship.

It is thus only that a, handy ship is obtained and kept so. The

sails must balance, the body must balance, and both must be kept
03
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together in perfect trim, while the seamanship of the commander,
the hand of the helmsman and the blade of the rudder do the rest.

Something maore, however, ean still be done by the naval architect
to give the sailor eomplete command over his ship. The balance he
has established is enough to deprive the wind of the eontrol of the
vessel and give it to the seaman ; bat the ship may still require from
him the exertion of very great controlling force when he wishes, in
the course of his mancenvres, to change its head rapidly from one
course to another, Balance of sail and of body will help him to do
thiz, but it will not help him to do it guickly.

To make a vessel very handy and turn very quickly her Jongitudinal
gection should he deep, rather than long; and when its extreme length
is decided, its effective length should be diminizhed as much as possi-
ble by removing longitudinal ares from the ends and placing it near
the middle. Above all, much eubwater and forefoot makes a vesel
uohandy and slow to come around.

It iz better, therefore, to have deadwood aft than forward, but re-
moved from both ends az much as possible.  Rounding off the fore-
Joot and shortening the heel are the most effectual ways to make &

ip handy without injuring her other qualities—the effect of heel
and forefoot being to eause gripe, or resistance to furning, which is
the eontrary of handiness.

With balanced zhip and balaneed sail, good trim and little gripe,
not much can be wanting to handiness, The rudder must do the rest,
The rudder, however, is nothing but o power to control; it merely acts
as a drag on one side; it always diminishes speed in turning the
ship; and the cleverest helmsman is he who uses it least, the best
ship is that which wants it Zeast, and the best sailor is he who does
most without it, A steersman always yawing a ship about steers
badly. A ship requiring much helm iz badly trimmed, and sails re-
quiring much rudder are badly set or halanced, Nevertheless, it is
above all things necessary that the rudder should have ample power
—great power, seldom used, A ship that will run along for heurs
with scarcely a touch of the helm is a ship well trimmed and
eailed; but when needed, the rudder must be able to turn & ship
short and sharp around, and this may save her in an emergency.

The way to give power to the rudder is to proportion it to the
Ength of the ship, for a long ship requires a broad rudder. It is



HOW TO MAKE A SHIP HANDY. a7

thought that for every 100 feet in the length of a ship she should
have 2 feet of breadth with one foot added. Thus a ship 100 feot
long needs 3 feet breadth of rudder; 200 feet long, 5 feet breadth :
400 feet long, 9 feet, and so on*

As to the shape of the rudder, there is not much in it. Some say
the top of the rudder is the most valuable part, for the water there
has the most effoct, and that the rudder should be widest there:
others say it should be widest at the bottom, for that there width is
most effective, Both are crotchets; but still there may be something
peculiar in the ease of some ships to render both exceptionally true,

The fanlt of having the widest part of the rudder near the load
water-line iz, that there a rough ses may sirike the rudder most
heavily. There is less harm in making the rudder widest near the
keel, for, being well buried under water, the wave surface of the sea
has less action upon it, and in bad weather the helmsman iz not
liable, as in the first ease, to have the helm taken out of his hand.
But on the other hand the heel of a wooden serew-ship may be, and
probably is, her weakest part, and to put more strain than necessary
on & weak place is unwise, to say the least. The hest way is to have
the widest part of the rudder near its centre, rounding it off toward
the top and heel, the one to keep it from the foree of the waves, the
other to protect it from the ground in a nareow and shallow channel,

It will always be a question about the quantity of rudder to be
given fo a vessel destined for any special purpose. If the ship is
always to be committed to wise hands, who will never use more than
is necessary, it is safe to give plenty of rudder, leaving it to their
diseretion to use it as they may desire, becanse, with powerful rnd-
ders, maneuvres can be performed which are impossible with small
omes, To be able to turn very fast will often give a ship the advan-
tage of another; and in 4 contest for vietory, or of sport for a chal-
lenge cup, ability to execnte diffienlt mancuvres rapidly is often in
itself & souree of success, A ship well in hand is often better than
one which is faster but runs wild, Therefore, put into wise hands a
powerful rudder,

* OF all deseriptions of radder for long vessels, the “ equipoise” or balanes rudder js
the most in uee, a5 its sdvantages are great bremdth without any more incresss of

strain on either pintles, gudpecis or wheed roper than is produced by pn ordinary
rudder of onepthird the size,

T



CHAPTER XVIII.

OF BALANCE OF BOOY AND BALAWCE OF SAlL.

Haxpiwess, therefore, or the ready obedience of a ship to the will
of her commander, arises out of the due eombination of balance of
sail, balanes of body and pewer of radder, for without these a vessel
steers wildly, and can hardly be controlled in her movements,

When, either through want of balance of sail or balance of body
in the water, the ship shows a tendency to fall off or fly-fo, she is
zaid to have two opposite defects—the first called leewnrdliness, the
ather ealled ardeney. These defects must be corrected either by frim
of sail or trim of ship. If mot corrected, they must be counteracted
by the action of the rudder; but as the rudder is a sort of sfop-waler
applied on one side, and in no case a help, speed is lost in the degree
in which the rudder ia vsed. The tendency to fly into the wind, and
the tendeney to fall off from the wind, or ardency and its opposite,
require remedies of opposite kind.  Ardency implies that the ship
must always carry weather hefm; want of ardency, that she must
always carry lee or slaek helm, Of the two evils, ardency is considered
the less, and it is usual, therefore, to trim a ship so that she shall
always carry a very liftle weather helm,

The point in the length of a ship on both sides of which the sails
balanee is called * the centre of effort of the sails;” the point in the
water on both gides of which, fore and aft, the body balances, * the
eentre of lateral resistance of the ship.”

In a state of perfect trim of sail and trim of ship—that is, when a
ship is so perfectly balanced as to be neither ardent nor leewardly,
requiring neither lee nor weather helm-—the centre of effort and the
eentre of resistance meet exactly in the same point of the length of
the ship,* and so the effort of #ail and resistance of water, fore and
aft, exactly counterpoise one another.

# That iz, they sre exactly sver each other.
L
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Unfortunately, there are but few ships so constructed ns that this
coincidence shall take place and be maintained at all speeds, and in
all states of wind and sea and weather,

In a perfectly-formed *“wave-line” vessel the coineidence of the
two has been found to be exact and perfect; but by a very slight
deviation from this form the perfection of this balance is at onee
deranged. In order to correct this want of adjustment, the centre
of effort of the sails has to be moved forward, and in certain cases
very considerably so.*

In every vessel built on the old system, this derangement of hal-
ance had to be taken into aceount and allowed for as an element in
the original construction of the ship. Unluckily, it Was sometimes
allowed for by guess merely, and therefore nothing was so common
as to hear that a new vessel had to undergo an entire change of ar-
raugementst from the impossibility of managing Ler, owing to the
centres of effort and lateral resistance not coinciding. In such a case
the uznal remedy (if the error was slight) was to rake the masts
either a little forward or a little aft, in order to correct the balance
of sail, or else to put on a little deadwood forward or abaft, or to add
a tapering false keel—all for the purpose of restoring the lost balance;
and when these expedients failed, the masts, or some of them, had to
be shifted—an arrangement not only expensive, but deranging to a
great extent the interior economy of a ship of war.

One of the great advantages of the * wave system iz, that the
centres of effort of sail and of resistance of body coincide. Tt is
impossible to adjust these two centres to a more perfect balance for
practical use, so as to have a ship easy to steer, requiring little helm,
quite under command and handy, than by merely taking care that
they coincide in the same point of length,

But thiz perfection of balance and handiness is not to be obtained
without an equal perfection of wave form, since every deviation from
exact trath in the form of a ship will exhibit derangement of balance,
In exact proportion as any part of the bow is filled up beyond the
pure *wave” line, the halanee of sail and of resistance will be dis-

¥ The English line-of-baktle-ship, ¥ Duke of Wellington,” for axample, in which the
whaole of the masts and eaifs had to be plased forward From the frue écentre of resist.
#nee the spaca of T4 feet,

T Thut iy, as regards her masting and sail draft,
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turhed, and it will be necessary either to correct the ghape of the
body, or to remove the centre of effort of =ail forward, or to shift the
centre of lateral resistance aft. The reason of this iz that the “wave”
form is the form of least resistance, the truth of which is practically
shown when the vessel (in deep water) shows no bow wave or breaks
no water at the bow. Any uotruth in the ©wave” form at once
shows itself in broken water or the well-known wave at the bow,
which i3 bad. The appearance of thiz obstacle to progress shows
exactly where there is an expenditure of undue force, and it is this
undue foree and unnecessary resistance which deranges the centre of
lateral rezistance of the ship, and shifts it forward,  Its tendeney to
do so increases with the veloeity of the ship. It is to meet this shift
of pressure and to counteract it that the centre of effort of the zails
must follow it forward, But no one can tell precisely beforehand
how much any deviation from truth in the form of a ship will remove
the centre of resistance, and therefore it is impossible to say what
change in the centre of effort may be required to correct it. TUn-
luckily, also, the deviation arising from incorrect form varies with
the speed, so that the difference which will restore the balance is not }
the same for all speeds.®

There is another curious cavse of deviation between the centres of
effort and resistance, If aship has a long, straight middle body,
she will have a tendency ta ardeney, arising from length alone.f Fven
if the two ends be perfect wave ends, a long, straight middle body
will have this tendency to disturb their balanee. Of this singular
phenomenon of deviation arising from length of middle body, an
exset mensure can searcely be given; but the explanation is believed
to be that a long ship, by the mere progress of its sides through the
water, dragz with it and puts into motion, by adhesion merely, =0
great @ quantity of the water in its meighborhood” that at the last,
when near the stern, the water has eeased to offer any lateral resist-
ance, because it has already veceived the same motion as the ship
itself. At the stern, therefore, there is little left to resist the ship;
and o, from lack of stern resistance, the after part loses power to

* No certainty, therefore, is to be obhtained on this point, except by the presarvation
of the absolute truth of the * wave™ form,

# It is probably on this aceount that many ef the loug vesecls of the navy are found
pnable to earry any after sail withoat & great cxeess of weather helem.
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CHAPTER XIX.

EXAMPLE OF GENERAL ‘DIRECTIONS FOR BUILDING A SIDE-WHEEL MAN-
OF-WAR STEAMER OF THE FIRST CLASS, LIKE THE "POWHATAN" OR
**SUSQUEHANNA."

KeEL.—To be of white oak, sided 1 foot 6 inches, and laid straight,
without any curve; to be made of two depths—viz., the upper ox,
internal keel, and the lower keel, but may be in one depth if the tim-
ber will work.

The upper keel in depth, 1 foot 2 inches.

The lower keel in depth, 1 foot.

The rabbet to be cut on the upper keel; the lower edge of the
rabbet being 4 inches above the lower edge of the upper keel. The
number of pieces in the upper keel not to exceed six (6), and in the
lower keel not to exceed seven (7)

Secarphs to be in length 10 feet to be plain without jogs, and four
(4) coaks in two rows let in. Coaks, in width, 3% inches; in thick-
ness, 27 inches; in length, 16 inches. The#ps of scarphs to be fast-
ened with 2 copper bolts £ inch in diameter, to be riveted (2. e., clinched)
on; in length, three times the thickness of the nib..

The scarphs to be further fastened with 4 copper bolts in each, in
diameter 1.inch ; to be driven in the spaces between the floor timbers
and riveted. Between the upper and lower keel the joint to be Sair,
and two rows of coaks to be let in; coaks 18 inches long, 4 inches
wide, 3 inches thick and 30 inches asunder

The upper and lower keels to be fastened together with copper
bolts, about 5 feet asunder, # inch in diameter. The upper keel to
be bolted athwartships, near the lower edge, about 5 feet asunder,
and the lower keel in the same manner, about 7% feet asunder, with

copper bolts in diameter # inch.
442
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False keel, in thickness 2 inches; fastened to the main keel with
copper bolts 12 inches in length, % inch in diameter. Whole depth
of keel and false keel, clear of rabbet, 1 foot 6 inches.

Deadwood, forward and aft, of live oak, sided 1 foot 6 inches. The
stern-post knee of live oak, to be fayed on the keel and to the fore side
of the stern-post. Over this knee the deadwood is to be built, keep-
ing the shortest pieces below and coaking them to each other and to
the keel.

Stern-post knee-bolts of copper, in diameter 1§ inches, in number 4 ;
of which 2 will be driven through the lower end of the stern-post,
and 2 through the after end of the keel. Care must be taken that
these bolts do not interfere with those of the deadwood.

Deadwood.—The 7 main bolts of the after deadwood—that is, the 4
last in the keel, and the 3 first in the lower end of, the stern-post—to
be in diameter 1% inches. The remaining bolts in the post and the
four next in the keel to be in diameter 14 inches.

From which to the after square frame they will be driven 2 feet
asunder, in diameter 14 inches.

When the deadwood is not more than 7 inches deep, the bolt will
be in diameter £ inch, gradually increasing in size as the depth
becomes greater ; but they will not in any case, between the aftermost
and foremost square frame, be of greater diameter than 1 inch.

These bolts for drawing the deadwood to the keel will be in length
about 2% times the depth of the piece through which they are first
driven, but when this is within 4 inches of the lower side of the lower
keel, let the bolts go through and be clinched as all others.

The forward deadwood bolts, before the forward square frame, to be
about 20 inches asunder, and in diameter 1% inches.

The deadwood knee to be fayed on and coaked to the deadwood;
bolts of copper, about 20 inches asunder, and in diameter 1§ inches.

The bolts in the arm to go through and clinch; those in the body
to be in length 2% times the depth of the piece through which they
are driven. - |

Stern-post, of live oak, sided at the rabbet 1 foot 6 inches; moulded
at the height of cross seam, clear of rabbet, 1 foot 3 inches; moulded
at the heel, clear of the rabbet, 2 feet 4 inches, to keep its full siding
on the aft side down to the cross seam, from which it will taper at
the heel, on aft side, to 104 inches.
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The rabbet to be cut near the middle of the main piece of stern-
post, or in that part most free from defects.

The aft side of the rabbet, at the height of the cross-seam, to be
kept 11 inches abaft the front of the post, and at the keel from 12 to
16 inches, as the piece will work best.

The deficiency in the main-post to be made up by a falae or after-
post, coaked to the main-post, each piece having one or two tenons in
the keel, according to the size.

Main transom, sided and moulded, 1 foot 8 inches; cross-seam to be
9 inches below top of transom, fastened to the stern-post with three
bolts, in diameter 1% inches; the remaining fransoms to side, 1 foot,
fastened with two bolts in each, in diameter 1% inches.

Stem, of live oak, sided 18 inches; scarphs hooked (tabled) about 2
inches, and fastened with bolts, in diameter 1% inches; the nibs
secured with bolts, in diameter § of an inch; the rabbet of the stem,
if’ the size and quality of the timber will admit, is not to be cut close
to the aft side, but to be so situated that the aft side of the stem may
be at or near the bearding-line.

Apron, of live oak, sided 1 foot 6 inches; moulded at head, at the
after corner on a square from the plank, 9 inches; fastened to the
stem with bolts of copper and iron about 2 feet asunder, in diameter

i inches. ‘ ,

Timber and Room.—Floor timbers to side from 12 to 14 inches;
first futtocks to side from 10 to 12 inches; second futtocks, third
Juttocks, fourth futtocks, top timbers and stanchions, for a length amid-
ships of 100 feet, to side 11 inches; for the next 40 feet forward and
aft to side 10 inches; for the next 35 feet forward and aft these tim-
bers to side 9 inches. | |

Moulding of the floor timbers in the throat, 18 inches; moulding
size at the floor head 12 inches; moulding of frame at the portsill or
planks, 2 feet above the upper deck, T3 inches. The intermediate sizes
to be ascertained by a curved diminishing line, and these are the
moulding sizes ; the timbers are to hold on the square when ready for
planking inside and outside.

The heels of cant timbers to have 2 inches left on the inside, to let
that much into the deadwood, with a jog of 12 inches from their
heels, and to be secured by two copper bolts in each pair, in diameter
14 inches. |
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Frame-bolts in each scarph, asunder 30 inches; those below the
third futtock-head to be 1% inches; those in the floor timbers to be
copper ; those above the third futtock-head to be 1 inch in diameter.

Keelson to be of live-oak plank, in thickness 7 inches; to be five
planks in height, tht planks composing the keelson to be butted
together and not scarphed ; the lower plank to be coaked to the first
futtocks; the whole to be coaked together with two rows of seasoned
live-oak coaks, 10 inches long, 8 inches square and 15 inches asunder.

Bolts for drawing plank to each other to be copper, # inch; two
copper 1}-inch bolts to be driven through the keelson and each floor
timber.

Bolts through the stemson and keelson to be of the same size, and
clinched outside before the false keel and gripe are put on. After
the bolts are driven and the corners of the keelson chamfered, there
will be a capping of 3-inch live-oak plank to fill the width between
the chamfers nailed to the top of the keelsons, into which the heels
of the berth-deck stanchions may mortise.
 Knight-heads and hawse-pieces, of live oak, sided 14 inches; bolted
* into the apron and into each other with 1§ ¢ron bolts; asunder about
2 feet 6 inches.

The spaces between the frames to a level line, fore and aft, as high
as halfway between the first and second futtock-heads, amidships, to
be filled in solid and caulked ; the upper ends to be cut off’ level.

Before the clamps and inside plank are put on, the frames to be
secured by diagonal braces of iron, in breadth 4 inches, and in thick-
ness % inch, over which the plank will be fitted ; and in each timber
to be a bolt through the plate 1 inches diameter, to be clinched before
the outside plank is put on; the upper ends of these plates to be 5
feet asunder, under the upper strake of gun-deck clamps, the lower
‘end being under the strakes at the first futtock-heads; the upper
bolts to be 1} inches, and go through the clamp and outside
plank ; the alternate bolts above the copper fastenings to go through
the outside plank; the holes to be drilled and counter-sunk amidships;
the heads of two braces to come on the same frame, the heels reach-
ing forward in the fore body and aft in the after body at an angle
of 45°.

Hawse-holes in clear of leads and pipes 16 inches.

Running plank of bottom, of white oak, in thickness § inches.
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Wales, of white oak, in thickness 6 inches; in width about 8 inches,
to gradually and fairly diminish in thickness till they fall in with the
bottom plank and strake under the plank-sheer, which is in thickness
to be 5 inches; the five strakes of wale plank below the plank-sheer,
three opposite the gun-deck clamps, three at the third futtock-heads
and two at the second futtock-heads, to be 1} inches thicker, and
jogged that much over the frames; the plank to be put on with fair
edges, without hooks or jogs.
~ Garboard strakes, in thickness next the keel 10 inches ; in width, 12
to 15 inches. To allow for thickness, the timbers will be taken off
on a level with the top of the deadwood or upper keel, which will be
made up in the thickness of the plank next the garboard, falling
gradually and fairly in with the bottom plank. These strakes to be
fastened edgewise through the keel and each other with 1-inch copper
bolts 5 feet apart, and into the timber as the other plank with 1-inch
bolts. All the fastenings going through to be of copper, to a line 19
feet above the lower edge of the rabbet of the keel; from that line
upward, iron to be used. The plank to be square, fastened from the
keel to the plank-sheer ; that is, there will be two through-bolts in each
strake in each frame (except where a knee-bolt will answer the pur-
pose) and two short fastenings. The short fastenings to be in diam-
eter ¢ inch; the through fastenings, which are to be clenched below,
§ inch. |

In each butt there will be one through-bolt and one fastening, ex-
cept the hood-ends, where both will go through if practicable. The
length of the short fastenings to be twice and one-third the thickness
of the plank through which they are driven, taking care that the
bolts shall not go through the timber.

Engine or bilge keelsons, to be of white oak, s1ded 17% inches; made
or fastened as the main or centre keelsons.

Inside strakes at first and second futtock-heads in number at each
butt, three of white oak in thickness 6 inches, fastened with %-inch

. bolts.

Berth-deck clamps, to be of white oak; six strakes on ‘each side;
thickness, 6 inches. The three upper strakes to jog over the timbers,
1% inches, the plank being that much thicker (namely 7% inches),
fastened with §-inch bolts. Seams to be fair without hooks or jogs,
and to be bolted edgewise about 5 feet asunder, Wlth wron 18-inch bolts.
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Berth-deck beams, of yellow pine, sided 12 inches, moulded 14 inches;
to have a spring™ of 6 inches in 45 feet, the ends not to be snaped.

Berth-deck knees: to the ends of each beam there will be one lodge
and one lap and hanging knee, each sided 8 inches, fastened with
13-inch bolts.

Carlings, or fore-and-aft pieces, of yellow pine, square, 7 inches, in
three ranges; that is, one in the middle of the deck, and the others
midway between the middle range and the side of the ship.

Ledges, of yellow pine, sided, 5 inches ; moulded, 6 inches.

Berth-deck plank, of yellow pine, in thickness 8% inches, in width,
about 8% inches, fastened to the beams with iron spikes (plugged); in
length 7 inches. Spikes to be 6 inches long in the ledges. The
beams and ledges of this and other decks to have two (2) spikes in
each strake.

Water-ways, of yellow pine; deck edge, in thickness, 6% inches, of
which 1 inch will jog over the beams; next the water-ways will be
two strakes of yellow pine, in thickness, 6% inches, which will like-
wise jog over the beams and ledges 1 inch. The inner edge of these
strakes to be chamfered to the thickness of the deck plank; these
strakes to be bolted through the water-way and side of the ship, with
one bolt in each frame, in diameter 1 inch. The edge of the water-
way will be chined in 2 inches, the wood taken off thence in a straight
line across to the thickness of the spirketing, which is 6 inches. The
thick strakes and deck edge of water-way to be fastened with £-inch
bolts, 11 inches long. )

Spirketing, to be of white oak, 6 inches; the spirketing and side
edge of water-way to be fastened with -inch bolts.

Coamings and head-ledges to be of yellow pine; in width, for the
coaming, 143 inches, in thickness, 6% inches; chined on 1% inches
to show 5 inches; height above the deck, 4 inches; to be fastened
with -inch bolts. |

Coamings for scuttles, same height above deck, but sided 1 inch
less; bolts £ inch. |

Abreast the crank hatchway the half beams will side 10 inches.

Beams moulded at the side of ship the same as whole beams, and
continue that size 1 foot; from thence they will taper to the coam-
ings of the hatchway to 7 inches; kneed to coamings with lodge

* Or round-up.
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knees, sided 5 inches, and to the side with lodge and lap knees, sided
7 inches.

The lower edges of beams, ledges and carlings to be rounded.

- Stanchions under the berth-deck beams, to be of white oak, square,
9 inches; chamfered 1 inch on each corner to within 9 inches of the
head and heel, and let into caps under the beam. -

Breast-hooks, to be of live-oak, and all fayed to the timber, sided
12 inches. The throat-bolt and the next on each side, in diameter

§ inches; the remaining bolts, 1% inches.

The hooks (3. ., crutches) aft to be of the same size and secured in
the same manner.

Gun and deck clamps, to be of white oak, in thickness 6 inches.
The two upper and two lower strakes to be 1% inches thicker, and jog
that much over the timbers. The whole to have fair edges and be
bolted edgewise with 1-inch bolts about 5 feet asunder and clear of
the air-ports; fastenings to be, in diameter, % inch.

The avr-ports to be between the second and third strake, there being
no aur-list; the clamps will reach the spirketing.

Gun-deck beams, of yellow pine, sided 13} inches; moulded 15
inches ; to spring 6 inches in 45 feet.

Gun-deck knees : to the ends of each beam there will be one lodge
knee, one dagger knee and one hanging knee.

Lodge and dagger knees, to be sided 8 inches; hanging knees, 9
inches. i

Bodies of hanging knees to reach the lower-deck water-way; arms
to be 5 feet in length. Knee-bolts to be 1% inches.

Deck, or stern-hook knees, to be sided 9 inches; bolts 1} ingches.
Knees to be white oak or live-oak. |

Stanchions on the berth deck to be white oak, in diameter 8 inches.

Ledges, of yellow pine; one (1) between every two beams, except In
the range of the hatches, where they will be 2 feet, average distance,
asunder ; sided 57 inches, moulded 7 inches.

-Coamings and head-ledges of hatches, in height above the deck 10
inches; to be 1 inch thicker than those on the deck below, and fast-
ened with 1-inch bolts.

Gun-deck plank, of yellow pine, in thickness, when planed, 43}
inches; width not to exceed 8 inches, to be fastened with iron spikes
and plugged; spikes in the beams to be 9 inches long, and in the
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ledges 8 inches long. To have two strakes next the water-way 9 inches
in width, each; jogged over the beams and ledges 1} inches, in thick-
ness 6 inches.

Water-ways, of yellow pine; side edge 5 inches thick ; deck edge 6
inches thick ; of which 13 inches jog on the beam the deck edge to’
be chined in 2 inches; the wood taken off thence in a straight line to
the thickness of the spirketing, 5 inches. ‘

The thick strakes to be bolted edgewise through the water-
ways and side of the ship, with one 18 bolt in each frame, if
~ practicable.

Side edge of the water-way to be fastened with 2-inch bolis.

Spirketing to be of white oak, 5 inches thick. The midships part,
when practicable, to be 1% inches thicker, and j jog that much over the
timber, where the thickness will be 6% inches, and to be fastened with
t-inch bolts, as in the outside plank.

Plank-sheer, of white oak, 6 inches thick; every other timber
to come through; scarphed edgewise and bolted into the water-
ways, through the spirketing and into the outside plank with
#-inch bolts. Height of the top of the plank-sheer above the deck
to be 2 feet. |

Partners of fore and main masts to be of live-oak, 15 inches in
breadth, 9 inches thick, and framed to admit wedges of 3 inches. To
be kneed, as well as those on the berth deck, with lodge and lap knees,
sided 6 inches, fastened with #-inch bolts. Those of the mizzen-mast
to be of live-oak, 12 inches in breadth, 8 inches thick; knees to be
sided 5 inches, bolts to be £ inch.

Guard beams™ to be of yellow pine, sided 20 inches: moulded 26
inches. To be made in two thicknesses, the pieces coaked together and
secured with serew-bolts. To be kneed with hanging knees at each
end ; that is, two inside, sided 8 inches. The lodge knees, as the other
beams, all to be fastened with screw-bolts, sided 8 inches.

Cable (i.e., riding) biit, to be of live-oak; square at the head 18
inches, bolts 11 inches.

Bowsprit bitts to be of live-oak, 14 inches square at the head, 13-
inch bolts.

Catheads of white or live-ouk, sided, 15 inches; moulded 17 inches,
bolts 1% inches.

* Or paddle-box beams.
29
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Scarphing beams, 367.

’Scending, 80, 478.

Scheme of conditions for men-of-war, 35.
Scheme of conditions for merchantmen, 34.
Scheme of conditions of construction, 34.
Schooner, 477.

Schooner, dimensions of, 211.

Schooner, spars and sails of, 215, 240.
Screw, 24.

Screw-frame, 322,

Screw-port, 322,

Screw, slip of the, 24.

Screw treenails, 393.

Scriber, 304.

Scupper nails, 474,

Scuppers, 384, 477.

Scuppers, deck, 384.

Scuppers, manger, 384.

Scuttle, 337, 389, 477.

Seaman, 25, 103.

Seaman, knowledge required of the, 26, 103.
Seam-lines, 309.

Seams, 477.

Seasoning, 291, 477.

Seasoning, artificial, 292.

Seasoning, natural, 291.

Seated. middle, 323.

Seating, 477.

Seating-line, 324,

Seaworthiness, 184.

Sectional floating-dock, 431.

Selection, 280.

Seppings, Sir Robert, his inventions, 346.
Setting-to, 478.

Shaken or shaky, 478.

Shaping, 296.

Shaping and tools for iron ship-building, 294.

Shaping and tools for wooden ship-building, 299.

Shearing, 294.

Shearing, angle-iron, 294.
Sheathing, 399, 478.

Sheathing iron ships, 401.
Sheathing, weight of copper, 399.
Sheathing wooden ships, 399.
Sheer, 144, 478.

Sheer battens, 352,

Sheer draught or plan, 141, 198, 316, 478.
Sheer, how to give, 144,

Sheers, 330.

Sheer-strakes, 478.

Shelf, 851, 478.

Shift, 319, 478.

Shingled iron, 286.

Ship-builder, his work, 19, 279.

Ship-builder, knowledge requisite in the, 19, 280.

Ship-building, art of, 19, 279.
Ship-houses, 312.

Ships, 27.

Ships, composite, 304.

Ships for peace, 27.

Ships for war, 27, 184,

Ship timber, 289, 481.

Ship timber, varieties, 290.

Ship timber, when to be cut, 291.
Shores, 322, 331.

Shoulder, centre of, 55, 56.
Shoulder defined, 50, 51.
Shoulder, powers of, 53, 70.
Shoulder, properties of, 70.
Shoulder, volume of, 166.
Side-arm, 370.

Sided, 478.

Side keelsons, 342.

Siding, 301, 478.

Sills or cills, 478.

Sills,. port, 371.

Silver grain in timber, 289,
Simpson’s rule, 170, 220.
Sirmarks, 301, 304, 478.
Sister keelsons, 342.
Skeg, 403, 405, 478.
Skin, 51, 167, 183.
Skin, area of, 183.

Skin, expansion of, 308.
Skin, surface of, immersed, 163, 183.
Skin, thickness of], 167.
Slab timber, 291.
Slices, 423, 478.
Sliding-keels, 92.
Sliding-planks, 425, 478.
Sliding-ways, 420.
Sliding-ways, inclination of, 315.

Slip, building, 314, 478.

Slip, inclination of building, 315.

Slip, strength of building, 314.
Slip-ways, 420,

Snape, 335, 478.

Sny, 309, 478.

Sole-pieces, 423.

Solids of emersion and immersion, 56, 76.
Spanker, 111,

Specific gravity, 478.

Specific gravity, table of, 479.

Speed, a necessity, 25, 184,

Speed, on what it depends, 158.

Spindle of capstan, 411.

Spirit-room, 418.

Spirketing, 354, 371, 447, 479.

Sponsons, 61, 173.

Spread of bolts, 341.

Spring-beam, 368.

Sprung, 479.

Spurnwater, 479.

Square body, 334, 479.

Square sails, 120, 133.

Square sails, area of, 121.

Square sails, centres of, 122.

Square sails, construction of, 120.

Square timbers, 479.

Square, to, timber, 291.
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Square tuck, 479.

Stability, 44, 49, 53, 55, 66, 70, 479.
Stability, comparative, of ships, 68.
Stability, elements of, 66.

Stability, form for, 75.

Stability, how to give it, 72.

Stability, latcral, 44, 67, 86.

Stability, longitudinal, 85.

Stability, measure of, 57.

Stability, method of finding the, 64.
Stability of form, T1.

Stability, statical and dynamical, 66.
Stability with weight, 67, 71.

Stability without great breadth, T2,
Stable and unstable forms, 63.

Stable and unstable ships, proportions of, 60, 63.
Standards, wheel, 404.

Stanchions, 368, 448, 480.

Stations, 327.

Stay-ropes, 390,

Steadiness Qecessar); in ships of war, 185.
Steam engine, 23.

Steaming and bending timber, 300.
Steam-power, per foot of cross section, 1%1, 162.
Steel, 287.

Steel, tempering, 287.

Steelers, 356, 450, .

Stem, 141, 319, 320, 444, 480.

Stem-pieces, 335.

Stemson, 328, 480.

Stepping-line, 328.

Stepping-piece, 335.

Steering-gear, 402, 404,

Steps for side, 480.

Steps of masts, 480.

Stern, 72, 87.

Stern, clipper, 75.

Stern, elliptical, 149, 321, 338.

Sfern, form of, 75, 87, 149.

Stern frame, 322, 339, 480.

Stern-post, 104, 321, 338, 443, 480.
Stern-post knee, 443. i

Stern, round, 149, 321, 338.

Stern, roomy, 75, 148.

Stern, size of, 75.

Stern, square, 149, 338,

Stern timbers, 450.

Stiff, 4380.

Stiffness, 20, 88, 90.

Stive or steeve, 480.,

Stopping up, 424, 480.

Stopping-up pieces, 423.

Stools, 340.

Stop-water, the rudder a, 98.
Store-rooms, where located in a frigate, 418, 419.
Stowage, 25, 66, 272.

-Stowage and trim, 272.

Stowage, importance of, 25, 66, 272.
Stowage, knowledge of, requisite, 25, 272.
Straight bow, 79. '
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Straight entrance, 156.

Straight of breadth, 480.

Strake, 480.

Strengthening a ship’s frame, 346, 389.
Stringers, 390. .
Swim, how to malke a ship, 19.

TABLING, 302, 481.

Tabled scarph, 317.

Tables, i. 87 ; ii. 38; iii. 43; iv. 48; v. 63; vi. 69;
vii. 04; viii. 104; ix. 118; x. 120; xi. 124;
xii. 127; xiii. 128; xiv. 128; xv. 156; XVi.
160; xvii. 161; xviii.161; xix.162; xx.162;
xxi. 16S; xxii. 180; xxiii. 194; xxiv. 195;
xxv. 106 ; xxvi. 197 ; xxvii. 210; xxviii. 215;
xxix. 230, 231; xxx. 440.

Taffrail, 339, 481.

Taking off, 310, 345.

Tanks, 415.

Taste, to, 481.

Teach, to, 481.

Teak, 290, 291.

Templates, 315.

Tenacity of iron, how tested, 287.

Tenacity of wood, 289.

Tender, 64.

Tenon, 302, 481.

Thick strakes, 343, 364.

Thickstuff, 353, 481.

Tholes or thole-pins, 481.

Throat, 324, 4S1.

Thwarts, 416, 4S1.

Tiller, 404, 406.

Timber, 289, 451.

Timber, age of maturity, 291.

Timber and room, 444, 432,

Timber-heads, 452.

Timber, seasoning, 291, 202,

Timber, ship, 201.

Timber, spar, 481.

Timbher, when to cut, 291.

Timber, varieties of) 290.

Toe-link, 392.

Tonnage, 168, 482.

Tonnage, builders’ rule, 257.

Tonnage law, 168-172.

Tonnage law, deductions for steamers, 173.

Tonnage length, 256, 257.

Tonnage, short rule for, 173.

Tonnage, table of classes for, 169.

Tons per inch of immersion, 229.

Tools for ship-building, 294.

Top-and-butt, 353, 482.

Top-hamper, 432.

Topheavy structures, 49.

Top-side, 482.

Top-timber, 482.

Top-timber line, 482.

Top weight, 49.

Top weight, power to carry, 63.
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Touch, 354, 482.

Toughness of iron, how tested, 288.
Trail-board, 482.

Transom, 482.

Transom, deck, 339, 379.

Transom knee, 482,

Transom, main, 444,

Transom seat, 482,

Transom, wing, 339, 379.

Tread of the keel, 317, 327, 482,
Treenails, 302, 356, 393, 482.
Treenails, caulking, 393.

Treenails, compressed, 302.
Treenails, screw, 393.

Triangular sails, 108, 121, 133,
Triangular sails, area of, 121.
Triangular sails, centres of, 108, 122,
Tria'ngular sails, construction of, 121.
Trigger, 423. |

Trim, 25, 41, 103, 104, 272.

Trim, a knowledge of, essential, 103, 272.
Trim, examples in, 275.

Trim of sail, 95, 98.

Trim of ship, 95, 98.

Trip, 423.

Trundle-head of capstan, 411.
Tuck-rail, 482.

Tuck, the, 482, -

Tumble home, 81, 467.
Tumble-home bow, 81.

Turned out and in (in launching), 426, 427.

UNDER-WATER BODY, 51, 53, 81, 165,
Upright, 482,

Upright bow, 81.

Upsets in timber, 290,

VENTILATORS, 415.

Vertical scarphs, 318.

Vertical cross sections, on the, 150
Volumes, 165, 180.

Volumes of internal room, 167.
Volumes of over-water body, 166.
Volumes of shoulder, 166.
Volumes of under-water body, 165.

Waist, 342.

Wales, 352, 353, 446, 482,
Wall-sided, 62, 483.

Washers for bolts, 393,
Wash-board, 409, 483,
Wash-strakes, for boats, 4186,
Waste of power, 80, 158.
‘Water-lines, 138, 164, 483.
Water-lines, convex, 105, 155,
Water-lines, form of, 67, 85,
Water-lines, hollow, 153.

Water-lines, how to construct the chief, 138,
154,

INDEX,

Water-lines, on the form of, 156.
Water-lines, on the lower, 150.
Water-lines, straight, 156.
Water, power of, 44.

Water, properties of, 45.

Water, weight of, 46.

Water-way, 369, 447, 483.
Water-way, area of, 161.
Water-way in iron ships, 373,
Water-way, thick, 370.
Water-way, thin, 370, 381.

Wave bow, 75, 79.

Wave lines, 99, 135, 155.

Wave ships, 99, 135.

Wave ships, in bad weather, 117.
Wayve stern, 76.

Wave theory, 135, 155.

Wayve theory, advantages of, 157.
Waves of first order, 155, 158,
Wayves of second order, 156, 158.
Weather deck, 893.

Weather deck, how caulked, 398, 399.
Weatherly, how to make a ship, 88.
Weatherliness, 75, 88.
Weatherliness, importance of, S8.
Web-girder, 389.

Web, in iron vessels, 360.
Wedges, 56, 380, 483,

Wedges, mast, 380.

Weight, 20, 25, 67, 71, 84.
Weight of guns, 36, 37, 84, 262.
Weight of hull, 179, 257, 262.
Weights, miscellaneous, 36, 257, 262,
Wheel, 404, 406.

Wheel-ropes, 404, 406, 407.
Whelps, 413, 483.
Whole-moulded, 483.

Wind, force and velocity of, 128.
Wing-passage, 365.

Wings in naval architecture, 56.
Wings in ship-building, 365, 483,
Wing-transom, 339, 379/ 483,
Wood, 289. .
Wood-lock, 404, 405, 483.
Wooley, Dr., on Chapman’s system, 210.
Wooliness in timber, 290.
Wrain-bolts, 483.

Wrain-staves, 483.

YacHT, 91, 136, 209, 483.
Yacht “ America,” 207.
Yacht, form of contract for building a,

Yards, length of, 113, 114, 115, 119, 127,

Yards, ship-building, 312,
Yellow metal, 393, 401.
Yoke, 404, 405.

ZINC PAINT FOR SHIPS, 400,
Zinc sheathing for iron vessels, 401,





