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sided, moulded, and trimmed to their proper bevellings, like those
of a ship, and are kept temporarily in their shapes and places by
cross-spalls, ribands, barpius, and shores. The planking consists
of strakes laid fore and aft with flush seams, like those of a ship;
they are usually fastened with two nails in each timber of the
frame. The strakes first put on are the lowest, or garboard
strake, and the uppermost but two, called the binding strake.
Above the binding strake is the landing strake; the gunwale rests
on the timber heads, and covers the upper edge of the landing
strake ; and the uppermost, or sheer-strake, has its upper edge
flush with the top of the gunwale, and its lower edge overlapping
the lauding strake. The stern is usually strengthened by a
transom, aud the bow by two hooks. Moveable strakes above
the gunwale are called wash-strakes.

The thwarts are the transverse pianks which keep the sides
asunder, like the beams of & ship, and serve as seats for the
rowers; some are fixed, and others loose; the fixed thwarts are
secured to the sides with knees. The thwarts are spaced ahout
2 feet 10 inches, from centre to centre, in single-banked boats,
and 3 feet in double-banked boats.

Some boats have a fixed inside planking, or footwaltag, in the
bottown ; others have moveable dottom boards; others, gratings.

II. Clinker-buzlt boata are the lightest class for their strength
and size; they are distinguished by tbe lower edge of each strake
of plank overlapping the upper edge of the mext strake below.
They are not built upon frames, but upon temporary iraneverse
sectional moulds, two, three, or four in number, which are fixed at
their proper stations on the keel ; the strakes are then put on,
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beginning with the garboard strake, and bent to the (ignre given
by the moulds : each stroke is fastened to the mext below it by
nails driven from the outside through tho lunds or overlaps.
When two or more lengths of plank occur in a strake, they are
scarfed to each other, the outside lip of cach scarf pointing aft,
The scarfs have a layer of tarred paper between, and are fastened
with naile driven from the thin end of each piece. Towarde the
hooding-ends, the strakes are chased into each other; that is to
say, a gradually deepening rahhet is taken out of cach edge at the
lands, so that the projection of each sirake beyond the next below
it gradually diminishes, and they all fit flush with each other into
the rabbets of the stem and stern-post. Floors, futtocks, and
hooks, are afterwards put in, and fastened to the planking by nails
driveu from the outside, and clenched inside,

L In Diogonal-built boats the ekin consists of two layers of
planking, with flush seams, making angles of about 45° with the
keel, in opposite directions. They are built, like clinker-buili
hoats, upon temporary transverse moulds, After setting up and
fizing the moulds upon the keel, the gunwale, a shelf-picce, and
& series of ribands are temporarily fixed on the moulds. The two
layers of planking are then put on, bent fo fit the moulds and
ribande, and fastened to each other and to the keel, stem, stern-
post, shelf, and gunwale with nails, driven from the outside, and
clenched inside upon emall rings. The gunwale is then shored
to keep it in shape; the moulds and ribands are taken out, and
floors, hooks, thwarts, &c., are put in, as in a clinker-built boat.

As boats precisely similar in all their paris® are made in large
numhers, machinery has been applied to their manufacture.

CHAPTER V.

VARIOUS EQUIPMENTS OF BHIPS.

69. Rudder,—The form and dimensions of the rudder, as
affecting its action on the water, bave already been considered
in the First Division, Articles 187, 188; its strength has heen
treated of in the Third Division, Article 86; and the rules
commonly followed as to the scantlings of its principal parts,
have been given in the Appendix to that Division. The pieces
of which the rudder consists, and the way in which they are put
together, remain to be described.

An tron or steel rudder usually consists of a frame, covered
on both sides with flush-jointed plating; the two layers of plating
being rivejted ihrough the frame to each other with rivets
countersunk at both ends, and also rivetted at their seams to
covering straps inside. For illustrations of the framing in an
iron ship see Plate §; and in a steel ship, Plate 7, The foremost
piece of the framing is the rudder-stock; its upper end, called
the rudder-head, is cylindrical, and rises through the cylindrical
rudder-port, and through e vertical tube or rudder case, having
a stuffing box at the top, into the stern of the vessel; ita lower
end, or fiecl, ugually forms a pivot turning in a bole in the skeg,
or projecting after-end of the keel ; its intermediate part is square,
and (except in the balanced rudder) is hinged by pins, called

pintles, fitting into eyes, called draces, to the stern-post, or to the
rudder-post. The aftermost piece of the framing is curved to the
ghape of the after-edge of the rudder, and is usually welded at its
upper and lower end to the rudder-stock. The cross-pieces are in
general opposite the pintles, and are welded to the rudder-stock
and the after-piece of the framing. In fitting iron rudders it is
upual for one or two of the eyes or braces to have the holes for
the pintles drilled only pertially through them. Into each hole
is fitted a steel pin, with the upper PR

surface spherical. The correspouding

pintle is fitted with a steel pin having

its lower surface spherical. When

* Avording 10 & meibod of eonnroeting beals inbo-
doged by Mr, George Fawoun, the outer and inner mrfnces
of each bosi are 90 shaped, that sny number of boate of
emilar fgurm and equal alss can bo packed ome jngids
soother in any arder, the projocting lower edge or land of
the sheer-siraks of oos bosi restlig om the guowale of o
the bost pext below, The thwarts are nll movealls, and
wheh in thelr plases In & boat, arn faczbed by maeans of
ovel pine tp flred oo kfves, When & sol of boatm ere
packsd Logeiher, the rodders of all the toota, and Lhe
Liwarts of oll anospt the uppormest, are unshlpped, and
laid in the uppermost boat. Fig. % 4 gives & Wrd'soye viow from shasd, of two boats, pudkad ane
lnglda the other,
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the rudder is shipped, its weight is borne at the points of contact |

of these spherical surfaces, so that the friction ig very small.

For an illustration of the manner in which a wooden rudder

is hinged with pintles and braces of mixed metal to the stern-

post, sce Plate 5

Fig. 1. X

The rudder consists of an assemblage of
pieces of timber, coaked and bolted together
like those of the framing of the stem and
stern-post.  Fig. 1 shows the usual arrange-
ment of those pieces. The dotted line, X X,
vepresents the axis of motion of the rudder,
heing the common axis of all the pintles and
braces, and of the rudder-head. M M is the
main-piece, usually of oak or other timber of
equal quality. Tts upper end is cylindrical,
and i8 the rudder-head. The shoulder, C,
where it is in contact with the head of the
stern-post, is conical ; and at the small end of
the cone is the nppermost of the pintles, which
are all marked P. The other pintles are fitted
into scores in the foremost piece of the rudder,
F, which is usually of ehn, The form of the
alter-part of the rudder is made up with the
pieces A, A, uvsually of fir, At the bottom
of the rudder is the sole-piece, 8, usually of
clm, lightly fastened on, so that, like the false
kecl, it may be knocked off withount further
injury to the rudder.

Fig. 2 is a horizontal section of the fore-

i most edge of the rudder, R, and the after-
most edge of the stern-post, S P, showing how they are
bevelled or bearded, so as to admit of the helm being put

Fiz 2. over either way to the usual greatest angle of 42°,
r and how the shoulders of the pintles, and the wood
above and below them, having cylindrical surfaces
described abont the axis of motion, X, fit into a
. cylindrical hollow in the stern-post.

Wooden rudders are sheathed, like the ship’s bottom, with
copper or yellow metal,

Before the rudder is hung, the braces on the stern-post are
adjusted to their correct positions by passing throngh them a
perfectly straight cylindrica) wooden red, of the same diameter
with the pintles.

The yudder when hung is guarded against being unshipped
‘or thrown upwards ont of its place), by a moveable piece called
a wood-lack, which is screwed upon the stern-post or rudder,
and fits into a score a little below the uppermost pintle.

In the First Division, Article 188, a general description has
Ueen given of Mr. Lumley’s rndder, consisting of a ody hung to
the steru-post in the usual way, and a fasZ hung in the same
manner to the body, and moved in such a way, that when the
Lody is put over to a given angle, the tail is at the same fime
put over to abont douhle that angle.

There are different ways of cffecting this by mechanism; the
simplest is that illustrated by the skeleton plan, Fig. 3, in which
X is the axis of motion; X R the body, and RT the tail. To
the tail is fixed a yoke or arm, R Y, connected by a lick, Y'B,
with a fixed projecting bracket, which is fastened to the steru
of the vessel; the effect when tbe helm is put over it shown
by the dotted lines,

.
T

201

The breadth of the body is from owoe-lalf to three-fourths, and
the hreadih of the tail from one-half to one-fourth, of the whole
breadth of the rudder.

The following is the construction for adjusting this apparatus
B0 a8 to work in the most correct
manoer. X RT being the mid-
ship position of the rudder and
tail, bisect XR in L, Lay off the
equal angles LXB = LRY = one-
half of the greatest angle to whicl, ?
the ¢ail is to be put ever; make
XB=RY = XL; and draw tho
straight line BLY. Then RY
will represent the yoke; Y B the
link; and B the position of the
poiut where the link is to be jointed
to the bracket,

The link may pass either over
the top of the bedy of the rudder,
or through a hole in it

This rodder may be converted,
when required, info a commeon rud- T
der, by unshipping the link, and dropping over the tail a strap
or bridle, which fixes it to the body.

The rudder-head in every case turns in a collar in the upper-
most of the decks which it traverses. In small vessels this is
often the weather-deck; in large ships, and especially in ships
of war, it is wusually the gun-deck, or lowest deck, that is
permanently above water.

Rudder-chains, and rudder-pendants, are chaios or ropes which
are shackled to a bolt at the after edge of the rndder, immediately
They
hang slack enough to permit the free motion of the rudder.
Their use is to prevent the rudder from being lost, in the event
of its being unshipped; and snmetimes also they are led in-
board, and used for steering, in the event of the tiller or
rudder-head giving way. ‘

70. The Helm comprises the whole steering apparatus. Besides
the rudder, it most frequently consists of a #ller or a yoke (as
the case may he), a steering-wheel, and ropes or chaing (or, in
some cases, screws and nuts) to transmit motion from the wheel
to the tiller or the yoke. Small vessels and boats only are
steered by the tiller alone, or by a yoke with ropes held in
the hand.

‘Wheel-ropes are often made from strips of untanned hide, kept
dry and well greased ; sucb being stronger than hempen ropes.

The tiller is & lever fixed to the rudder-head, and pointing in
most cases forward, and in some cases alt. (For examples of
tillers pointing aft, see Plates §, P, and §). The yoke consists
of a pair of arms pointing sideways in opposite directions. The
principles upon which the strength of the tiller or of the yoke
depends, have been stated in the Third Division, Article 86.

When rope or chain tackles are used for putting over the
tiller, their ordinary arrangement is tbat shown in Fig. 4; in
which X is the rudder-lead, and X T the tiller, having a pair
of single blocks fixed to its forward end, T. E, E are a pair
of eye-holis iu the deck, to which are made fast the ends or
standing parts of the steering-chains or wheel-ropes. Those
chains or ropes are led through the blocks of the tiller, already

Fig 8.

above water, and fastened to bolts at the ship's quarter.

gc
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meutioned; then through a pair of fixed hlocks, B, B, attached
to the deck; then through another pair of fixed blocks bemeath,
or ncarly heneath, the barrel of the steering-wheel, W, and

gl

hidden hy it in the figure; then through holes or tubes in the
deck or decks that Lie between the tiller and the wheel; and
then round the harrel, to which they are made fast at the middle
of its upper side. The total number of turns of the steering-
chains round the barrel is usnally five, ssven, or nine, so that
from #wo and a Aalf to four and & half turns of the steering-
wheel are required to put the helm bard over to starhoard or to
port. The length of chain wound on the barrel on turning it
either way with the single purchase, is about double the length
of the arc through which the end of the tiller is put over; and
the effective diameter of the barrel (being = its actual diameter +
the diameter of the chain) is adjusted sccordingly. BSometimes
there is hot one steering-whecl, and sometimes there are iwo,
at opposite ends of the barrel. Steering-wheels range from
3 to 6 feet in diameter, and are made of mahogany, or timber
of similar guality, strongly framed together, and bound with
hrasa.

In every case the rndder is to be so conbected with the
steering-wheel, that in putting the helm over, the lower rim of

the wheel shall be moved in the opposite direction to the rudder: -

that is, in the same direction with a tiller pointing forward.

Hence, when the tiller points forward, the steering-chaing pass
over the barrel first; and when it points aff, under the barrel.
The arrangement of tackles, when the tiller pointa aft, is illns-
trated in the upper figure of Plate 3.

When it is desired to have a steering-wheel on the hridge-
deck, or any other part of the ship that is distant from the
rudder, the steering~chains may be led from the blocks, B, B,
to the barrel of that wheel throngh tubes and round sheaves
arrunged in eny way which may be convenient; but to provide
for tho chance of such apparatms getting out of order, it is
always advisable to have also @ setecring-wheel in tho wusmal
position, near the rodder,

Fig. 4 of the present Chapter shows the geometrical con-
struction (as described by Mr. Peake, in his *Treatise on Ship-
huilding,”) for finding the positions where the eye-bolta, E, E,
and hlocka, B, B, are to be fixed, in order that the slackening
of the chains when the helm is put over may be the least
possible. About X, the axis of the rudder, with the radins, X T,
the effective length of the tiller, describe a circular arc, Take
TA = } XT, and at A draw a straight line perpendicular to
X T, cutting the circular arc in B, E; these points will he the
stations for the eye-boltss Then produce XT to C, making
TC = 45 XT; and throngh O draw B O B perpendicular to
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X0, making CB = 1} x AE. Then B,B will ho the points
to which the blocks are to be made fast.

The method usually adopted in H.M. service for getting rid
of slack rope, is to make the diameter of the barrel emaller at
the middle than st the ends, so tbat in moving the rudder from
amidships to the extreme position, the excess of rope wound on
the barrel over that unwound is equal to the rope which would
have heen slack had the form of the barrel beun cylindrical.

The arma of a yoke are usually connected by rope or chain
tackles with a pair of ring-bolts at the stern, so that by hauling
on one of those tackles, the corresponding arm of the yoke is
pulled aft; from the fixed blocks of those tackles the ropes
or chains are usually led etraight ahesd; then under a pair of
sheaves in blocks fixed to the deck; them up through vertical
tubes to the barrel, over which they first pass, for the reason
formerly stated as to the direction of motion of the wheel
The use of a yoke becomes mecessary in veesels which have a
screw capahle of being unshipped and lifted into a vertical trank
in the stern; because that trunk occupies the place where the
tiller would move.

In merchant ships the steering-wheel,instead of a barrel, has
sometimes on its axis a right and lelt handed screw, with two
nuts, which are acted upon by the right and left handed threads
respectively, and are connected by means of suitable links with
the two arms of s yoke—the lefi-handed nut with the star-
board arm, and the nght-handed nut with the port erm. When
the lower rim of the wheel is turned to starboard, the left-
handed not, with the starboard arm of the yoke, is driven aft,
and the right-banded put, with the port arm of the yoke, puiled
forward, When the lower rim of the wheel is turned to port,
the right-handed nnt, with the port arm of the yoke, i3 driven
aft; and the left-handed nut, with the starboard arm of the
yoke, pulled forward. The lioks for connecting the two arms
of the yoke with the nuts ehould be of exactly equal length, and
if oblique, of exactly equal obliquity ; otherwise the apparatus
will work incorrectly, and be liable to jam.

An apparatus for slesring by steam-power, invented by Mr.
Bickels, has been in use sinee 1860, it is said, with good results.
The steering-wheel, and the barrel for the steering-chains, are
upon separate shafts, in & line with each other. On the shaft
of the steering-harrel is 8 toothed wheel, gearing with a pinion
upon a crank-shaR, which is driven by & small steam-engine
having two cylinders working st right angles to each ‘other.
The eccentrics which work the slide-valves of that engine are
upon a scparate shaft, having & pinion similar to the former
pinion, driven hy & toothed wheel simiilar to the former wheel,
which latter toothed wheel is fixred lo, and moved hy, the
stecring-wheel. Thes, wben the steering-wheel v turned, it
causes the eccentric ghaft to turn, and every revolution of the
eccentric shaft causea the engine to make ome revolution; and
thus the motions of the berrel are made to correspond exactly
with those of the steering-wheel.  Another steering-wheel is
made fast to the harrel, to he used in the common way, in the
event of the engine getting out of order; in which case the
wheels and pinions are thrown out of gearing.

71. Anchors.—The subject of the stremgth of anchors haa
heen considered in the Third Division, Article 87; and their
weighta and proof-loads for ghips of different sizes, according to
the ordinary rules, bave heen given in a tahle in the Appendix
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to that Division. The full complement of ancliors for a large
ship consists of six, and sometimes sevey, . two, called the
hower anchors, for ordinary use in a roadstead ; two, called the
sheet anchors, of the same size with the bower anchors, kept in
reserve in case the bower anchors should be lost; one smaller
anchor, called the stream anchor, for riding in sheltered Places ;
onc smaller still, called the kedge anchor, or kedge,
warping the ship along a river channel;
and smaller kedge anchor,

The usual shape and arrangement of anchors are jllustrated in
the upper-deck plan, ¥, and longitudinal section, ¥, of H.M.8.
WWarrior; and in the longitudinal section, ¢, of H.M.S. Victoria
and Albert.

Figs. 5 and 5 4 show the principal parts of which an ordinary
anchor consists.

A is the shank, having at the smaller end the ring or shackle,

used for
and sometimes a second

which is fastened to the shank with a bolt passing through a
round eye, and secured by a forelock. The length over all, |

ADMIRALTY ANCHOR.

including the shackle, ranges from about 8 feet to 18 feet; and
the weight of the anchor, in cwts., (exclusive of the stock) may
be roughly estimated at about cne-fiftieth part of the cude of
the length tn feet. 'To deduce the length from the weight in
cwts,, multiply by 50 and extraet the cube root of the quotient.

Fip. 54

RODGER'S ANCHOR.

B, B are the arms for taking hold of the ground, forged in one
piece with the shank, and terminating in the jffukes or palms,
D,D. The inner surface of each of the arms is shaped nearly
like a circolar arc of from 50° to 70°, with a radiue equal to
about half the length of the shank, or rather less.

Fig. 6 represents a kind of anchor called a kinged anchor, in
which the piece forming the two arms is separate from the

shank, to which it is boltcd through a round hole, and each of
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the fukes has a horn or projection at the back to make it take
hold of the ground the more surely.

The crown is the place where the two arms unite; the throat
is the adjoining part of the shank; the trend in that part of the
shank which extends from the throat to a distance eqnal to the

Fig. 6.

c W [= ej

TROTMAN'S AXCHOH.

length ol the arm; the nut is a shoulder near the small end of
the shank, to prevent a wooden stock from slipping; the pee,
or bill, in the point of an arm.

C is the sfock, which stands at right angles to the shank and
to the plane of the arms, and can be removed when required,
Its usual length is equal to that of the shank added to half the
diameter of the ring. When made of iron (as in Figs. 5 and
6), it is a round rod, and passes through a hole in the shank, pear
the eye for the bolt of the shackle, When made of wood (as
in Plate 3), it is divided lengthwise into two pieces, which are
placed one at each side of the equare part at the small end of
the shank, and fastened together with four bolis near the shank,
gix or eight treenails, and four or six hoops, two of which are
at the ends. This stock is equare in section; ita dimensions for
the middle sixth of ita length are equal to one-twelfth part of
its length, and it tapers each way to one-half of those dimen-
gions at the ends. The nse of the stock is to make the anchor
cant, or torn over, on reaching the ground, so that one or other
of the flukes shall be sure to take hold,

According to the report of a committee which made an experi-
mental comparison of several different anchors in 1852, the
following are the qualities which a good anchor ought to have,
with numbers affixed indicating their relative importance :—

Canting quicklF,eueeviarin s 15
Holding on well, .o ioeireinineiininsineee e o 80
Strength of form and matarinl,..........ccciinn cevienee 13
Exemption from fouling,.uoemiceiiiinin i oo 10

Quick tripping,..cve. ... O UROTOR -

Ease of fishing in a heavy sea-way,....... ..o 10
Facility of stowing, .couiroviivavne e s < cee 10
Facility of sWeeDIng, uivemics s oo e e e §
Ease of transport in hoats,.....coeviiins i iininin e B

It is difficult, however, to see why the qualities of holding
on and of strength should have been estimated at values so
different as 80 and 15; for neither of those two qualities is of
any usc without the other.

Figs. 6 A and 6 represent the two anchors which, according to
the report of the committee, stood highest as to general merit,
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viz,, first, Trotman's Auclior, Fig. 6; sccond, Rodger's Anchor,
Fig. 5a.

The advantages of the hinged anchor are, that it avoids the
difficulty which is found in obtaining a sound forging at the
crown of the common anchor; and that it is less liabls to be
fouled hy the cable than the common anchor—that is to say,
less liable to catch or entangle the cable with its upper arm;
because when the lower arm has taken hold of the ground, the
bill of the upper arm lies close io the shank,

Fig. 6 & represents a form of hinged anchor dilferiug in some
details from Fig. 6, The shank, A A,
is divided longitudinally into two
pieces, which are bound together hy
the square hoop, F, and against that
hoop the bill of the upper arm presses.
The spurs or horns, E, of the arms
are made with eyes in them, to one
or other of which the fish-tackle is
hooked when the anchor is to he
fished.

Fig. 6 B is & form of anchor, said
hy seamen to he very efficient, in
which both flukes take hold of the
ground at the same time. The palms
and arms are in one plane, and they
turn through an angle of about 40°
either way, in a hole in the shank. The cross-piece or sector
marked B, forged upon the arms at the crown, serves at once

Fig- 6 &

EETTELY AND M{LLEE'S ANCAOR.

to limit the angle they make with the shank, and to cause
them to take hold of the ground quickly.

On the mubject of anchors, besides the report of the com-
mittee already referred to, reference may be made to “A Treatise
on Bhips’ Anchors,” by Mr. George Cotsell, N.A.

72. Cables—The strength of cahles, whether iron or hempen,
has been considered in the Third Division, Article 87; and their
usual lengths and number have heen stated i the Appendix to
that Division.

Iron chaiu-cahles are commonly made iu lengths of from 12}
to 25 fathoms (but the term cadle’s length, when used as a measure
of distance, means 100 fathoms of 608 feet each, being one-
tenth of & nautical mile). According to the rules formerly
observed jn the British navy, each length of 12} fathoms had
8 swrvel in it, to prevent twisting; hat, by & recent Admiralty
order, all ships having Brown & Harfield's capstans have two
swivels only on each cable, one at either end: the swivels having
been found to work unsatiefactorily ronnd those capstaus.

The several lengths of chain are joined together by means of
shackles, sometimes called jotngng shackles, in order to distinguish
them from the anchor-shackle, which fastens the csble to the
anchor. A joining shackle is U-shaped, with the curved end
pointing outboard; it is fastened with a bolt; and the bolt
does not project beyoud the eyes of the shackle, but is secured
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with a small pin pnssing through both tho bolt and the eye,
The pin is fixed in its hole with a pellet of lead.

Chain-cables, when long and heavy, are stowed in compartments
of the hold called chatn-lockers. The nearer these are to the
middle of the ship’s length, the better is their position as regards
liveliness in pitching, to which heavy weights pear the ends of
the vessel are unfavourable, Accordingly, in sailing ships of the
Royal Navy, the chain-lockers are near the main-mast; and in
steamers, immediately hefore the engine and boiler compartment:
hut in merchant vessels they are often placed furtber forward
with a view to convenience {as in Plate ). In river steamers
and other small vessels, the chain-lockers are often hoxes on
deck, running on four small wheels,

The epace required for the stowage of 100 fathoms of chain-
cable may be computed approximately by the following rule—
Multiply the square of the diameter of the cable tron in inches, by
35; the product wnll be the space required tn cubic feel, nearly.

To find the riding-scope, or length of chain-cable, that should
bo poyed oul tn order that ¢t may lie horzonially where it s
shackled to the anchor. Reduce tbe greatest working pull on
the anchor to an equivalent length of chain-cahle, weighed in
water: call this length the modulus. To the modulus add the
depth of water; from the square of their sum subtract the square
of the modulus; the square root of the remainder will bo the
scope required.

From the data given in Article 87 of the Third Division, it
appears that the weight #n air of 100 fathoms of chain cable is
*135 of the test-load of the cahle, or "54 of the greatest working
pull on the anchor. Deducting & for loss of weight in water,
the weight of 100 fathoms of chain-cable in water is found to
be ‘468 of the working pull on the anchor; hence the modulus
to be used in the preceding calculation is,

% = 214 fathoms, nearly,

For example, let the depth of water he 40 fathoms; then—

Fathoma

To the modnlf,..cveermiiiirrirars s sie e rnaes saeans 214
Add the depth,eervriiceiiiinncriii 40
Buam,....... 254

Sqm of the SO, e iriiemnaiiiiiiieaiiinineyarean.cas 64,516
Subtract square of the wodulus,....oevimrereeneereneee 45,796
Bemainder, ....ovvvvaicrarn. 18,720

Bguare root of the remainder, nearly.........ccooovneee 187

In moderate depths, the scope of cable required varies nearly
as the asquare root of the depth. The following are some
examples of the results of the rule, calculated to the nearest
whole fathom —

FATHOMS,

Depth,........ 5 10 15 20 25 380 85 40 45 50
8oope,...u e 47 67 82 93 107 118 128 137 146 155
To solve the same ques- - Fgia

tion graphically, draw (in

Fig. 7 a) a straight line, ’,9:.\

D AB, and another straight /. \“\

line, A C, meeting the first J/

straight line at right angles
in the point, A, Then from
A set off AB to represent
the modulus, and A D, in -t 5
the opposite direction, to represent the depth of water, About
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PRACTICAL SHIPBUILDING.

B, with the radius, BD, describe a cirenlap are, cuttinge AC in
C; AC will represent the required scope of cable,® )

The scope in practice is seldom so great ag that given hy the
preceding rule.

Hewpen cables are large ropes, of the kind called cable-lard;
that is to say, the several parts of which tle thickness of tht:
rope consists are spun, or laid up, at four snccessive atages, in
contrary directions alternately, as in the following example ;—

Hemp is Inid up right-handed into yarns;

Yaros ave laid up lefi-kanded into strands ;

Three strands laid up right-Tanded make a hawser ;
Three hawsers laid up left-handed make 2 cable,

Hempen cables are stowed by being coiled in the cuble-lzers,
which are placed on the orlop-deck.

73. Manger—~The hawse-holes, with their hawge-pipes, bol-
sters, and plugs, have already been mentioned in Article 44 of
this Division. In ships of war and large merchant ships they
are usnally four in number; the foremost pair being for the
bower cables, and the aftermost pair for the sheet cables: small
merchant ships have usually two only,

A short way ahaft the hawse-holes, on the working deck, is
a low upright partition, composed of planks lying athwartships,
called thie manger-boards, to prevent the water that comes in at
the lawse-holes from flooding the rest of the deck. The tri-
angular space before the manger-hoards is ealled the manger;
and a pair of ecupper-holes for discharging the water at its after
corners, the manger-scuppers. The ends of the manger-boards
fit into rabbets in upright pieces called the manger-stanchions,
of which there are either two or four, according as the manger-
boards are in one or in threc lengths. The manger-boards can
e removed when the flat of the deck requires to be caulked or
repaired. They are now little used in merchant vessels; and in
many ships they are rendered unnecessary by the hawse-pipes
being made to slope upwards from the hawse-holes, and so
1o conduct the cables to the deck next sbove the hawse-holes,
instead of that mext below.

T4 Controllers—DBitis—Stoppers— Compressors.—For the pur-
pose of regulating and checking the motion of the cable as it
runs towards the hawse-holes while the anchor js dropping, and
also of liolding on by the cable after the anchor has taken hald,
four kinds of apparatus are used, together or separately—con-
trollers, bitts, stoppers, and compressors.

A coniroller is a cast-iron block, having a hollow in its upper
side of the shape of a link of the chain-cable. Controllers are
bolted to the deck at various points in the lines along which
the cables lie on their way from the chain-lockers to the hawse-
holes. A cable while lyiug on a controller tends of itself tu
drop into the hollow; and while there, it is held by cne of its
links, which lies flat in the hollow; but at the bottom of a hollow

* When a ship, being i o confined anchorage, is compelled to rids at shart scope, the cable might still
be made 1o Jie Hud on the bottom at the anchor-sheckle by lsding it with sdditional weight (for oxampls,
Ly backing pisces of chain La it), nowording to the following rules i—

L From the spuare of tha scopa subiract the aquare of tha deplh of tontert divida the remainder
by tuvion that depth s tha quctiont will be the roguired wodulus; taat is, the length of cable, whick, with
ile load, when weighed in water, should e squivalent to tha hocizontal pull on the anchar,

Il Dizide the ordinary rulse of the modalus (sny 214 fathoms) by the required valve; fhe guotiend
will b the rutic whick the groas weight of the loqded eable should beat to the reelyht ¢ the calle alone.

Examers.—Suppase the depth io ba 20 futhoms, amd 1ha scope 80 fathoms. Then—

502 - 202
¢ X2
== 148 nearly, the vatis in which tbo gross weight of the eabls should be incrensed by loading it.

== 160 fathoms, tha required modulus; and

214
150
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is the short arm of a lever, which can be rajsed by hauling up
the long arm, so as to lift the cable out of the hollow when
required, and allow it o run.

The riding-bitts, whose strength has been already considered
in Article 87 of the "Third Division, bear in ordinary the prin-
cipal part of the tension of the cables. Their usual station is
hetween the foremast and mafnmast; and there are two pairs
—the foremost pair for ordinary nse, and the aftermost to bo
used in case the foremost pair should give way. Riding-hitts
are shown in some of the longitudinal scctions and lower-deck
plang given in the Plates. The two annexed ficures show the
arrapgement and use of their principal parts—Fig. 7 being a

Fig. 7.
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side elevation, and Fig. 8 a plan. DB, DB, DB, are Jower-
deck beams; O B, an orlop beam, under the aftermost of them,
B,B are a pair of bitts; being strong upright posts bolted

Fig. &
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against the after-sides of the two last-mentinned beams, and con-
nected together by means of the eross-piece, CP. ST, 8T
are two standards, ot horizontal struts, abuiting against the front
of the two bitts, and lying upon and fastened to three successive
lower-deck beams, for the purpose of resisting the forward pull
of the cables, HI is part of a bitted cable—H being towards
the hawsc-holes, and I towards the chain-locker. The bitts may
be made wholly of iron; but when of wood, the head of cach
bitt (which is gquare) is guarded with a strong thick cylindrical
casing of cast-iron; and the back part of the cross-piece is
similarly protccted. Sometimes a pin is fixed in the upper side
of the end of the cross-piece, to prevent the cable from slipping
off. Some riding-bitts have no cross-piece, but a large trans-
verse piu instead of it. Other bitts, of smaller size, are used
in various parts of the vessel for securing different ropes: their
general construction is the same as that of nding-bitts, but on
a smaller scale,

Dech-stoppers are short ropes or chains, shackled to bolts in
the deck at one end, and secured at the other end to the cable
by a fastening whick can be shipped, or instantly let go, wher
required, The fastening commonly used for this purpose it
called a skp-hook.

The compressor is usunlly a bent lever, shown in plan ir

i
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Fig. 9, which moves horizontally close to the lower end of
the chain-pipe, through which the cable comes up from the
chain-locker to tho lower deck. DBy bauling on the tackle ot
i its end, it is made to press
the cable firmly against the
inside of the pipe, so &8 to
moderate the speed of its run-
Another kind of
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: ping out,

“‘ compressor consists of a pair
g of jawe, with a screw like that
g? of a vice for drawing them
‘ﬁ&‘v together, and holding the cahle
.E  between them,

The usual diameter of the
chain-pipes 18 two-thirds of that of
the hawse-pipes.

Inside the chsin-locker, the in-
hoard end of the cable is secured
by a slip-hook, so that it can be instantly let go when
required.

75. Cat-heads— Fish-davits —Bill-boards — Tumblers—Anchor-
struts.—When a bower anchor is weighed, and has been hove up
clear of the water, it is hauled up to the ship's bow by means of a
tackle called the cat-fall, which hange from the cat-head, and ig
hooked for the time to the ring of the anchor; and the arms are
afterwards hauled wp till the shank lies nearly level, with the
crown pointing aft, by means of another tackle called the fish-
fall, which hangs from the fish-davit. The cat-head serves slso
to hang the ring of the anchor from, ready for letting go, by
meane of a rope called the eat-head stopper ; while at the same
timo the other end, or throat, of the shauk is hung at the same
level, or nearly so, by & rope or chain called the shank-patnter,
and partly supported by the mner floke resting on an iron plate
or iron-covered board, called the dill-board, which projects from
the side with a slight ovtward slope. The cat-head stopper and
shank-painter are secured in-board hy means of moveable pins
called tumblers, which are ected upon by a lever that casts them
hoth leose at one instant when the anchor ie to be let go.

Examples of cat-heads are shown in several of the Plates,
especially the sheer-plans and longitudinal sections of vessels,
such as, {, 7, &c. They are vsually & pair of square wooden
beams, one projecting from each bow, with a moderate JEght or
upward slope; and of a length sufficient to insure that the anchors
shall hang from them clear of the ship's side. They are placed
a8 far forward as may be convenient, and nearly on a level with
the gunwale, or sometimes with the planksheer. The projecting
part of each cat-head is supported by a knee called the cat-head
supporter (of which examples are shown in the Plates), bolted to
the cat-head and to the ghip’s side. The inmer end of each
cat-head (sometimes called the caf's-farl) is made fast either by
returning down inside the ship’s side, through which it is holted
to the supporter, or by lappiug under & beam of the weather-
deck or forecastle, or hy lying upon thet deck and heing holted
down to it; the last method beiug now the most frequent. The
outer end of the cat-head is hooped, and has usually three
mortises in it for the sheaves of the catfall. Cat-heads are
sometimes of solid forged iron, and sometimes built of angle-
rons and plates,

The fish-davits are a pair of davits, or small iron oranes, at
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such a distance abaft tho cat-heads ns the length of the anchors
may require.

The sheet-anchors are usually stowed immediately abaft the
fore-channels {or projecting ledges for securing the rigging of the
foremast, to be more fully described in the Fifth Divigion). The
rings of the eheet-anchors point ahead, and rest on the after-
ends of the fore-channels; the stock of each of them is upright;
the shank lies horizontal; the inner arm rests on a projecting
ledge called the anrchor-chock; the anchor is secured by cbain-
stoppers round the stock and shank, which can be let go at
once when required, Two sloping shorcs or anchor-struts, hinged
to the ship’s side below the anchor, abut against its shauk;
and when it is let go, they cause it to fall clear of the ship.®

6. Copstans and Windlasses are machines for winding up
ropes and chains, and raising weights, as when an anchor is
weighed. A capstan has its axis vertical, and is specially
suited for being driven by hand-power, the men walking or run-
ning round it, and pushing before them the capstan-bars which
radiate from its head. It is well calculated for making available
the strength of & numerous crew. A windlass bas its axis
horizontal. 'When driven hy hand, it is nsnally less powerful
than a capstan, being worked by fewer hands; so that if it is
to he made to lift the same load with & few men driving it
that a capstan does with many, that can he effected only by
mesns of mechanism, which diminishes the speed with which the
load is lifted in the same proportion with the number of men.
In order that a windlass may be equal or superior to a capstan,
taking speed as well as load into account, it must in general
he driven by steam-power; and thiz is much practised in mer-
chant vessels,

A windlass for lifting goods is sometimes called a erad, or
winck.

A large ship has usually two eapstans, called the fore and
after capstan respectively —the fore capstan standing midway,
or nearly so, hetween the foremast and maipmast; the after
capstan at ahout the same distance abaft the mainmast.

Capstans are distinguished into stngle and doudle, accordiug
a8 they have one or two barrels upon the same spindle, or vertical
The barrel of a eingle capstan, or the lower barrel of a
douhle capstan, is on the deck on which the cables are worked,
and is used for heaving in the cables; the upper barrel of a
donhle capstan is on the deck ahove. In either case, the spindle
has the framing of two decks to keep it steady; it turpe ip a
bnsh or collar in the upper of those decks, and has the pivot
at its lower end snpported by & step fized to the lower of them.

Fig. 10 is an elevation of a double capstan; and Fig. 11 a
plan of its lower barrel.

U CP are the upper, and L CP the lower ecapstan-partners,
heing sirong platforme enpported hy the two decks, and com-
posed, when made of wood, of pieces 6 or 7 inches deep, laid
like carlings. UDB are upper, and LD B lower, deck heams,

B8P is the spindle, of strong and tough wrought-iron. Its
greatest diameter is ahout the middle, and rangee from 5 to 8
inches. It tapers towards the euds, where its diameter is about
$ of the greatest diameter. When made of steel, its diamoter
may he reduced so as to preserve the same strength.

UB is the npper barrel, which is fast on the spindle, and

axig,

* For dotells s Lo the wasklng of anchors and cable, and the constrogtion of varlous fittngy connets)
wikh then, referenco may bo mads b0 tho work of Lieatenant Nures, K., on “ Saamanship *
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tums with it; and LB the lower barrel, which g loose on the
spindle, but can be made fast to it when required, so as to turn
along with the upper barrel, in the following manner:—On the
top of the head of the lower barrel ia a circular plate; and
just above it, fixed to the spindle, a similar cireylar plate—these

Fig. 10,

ave called the connecting-plates: they have corresponding holes
in them; and by potting bolis, called drop-bolis (marked D B
in Fig. 10}, into those holes, the lower barrel is connected with
the spindle, and made to torn with it

The barrel of a capstan ranges from 16 to 28 inches in
diameter, and is nsvally polygonal, with ter or twelve equal
sides. From the alternate sides ribs project, called whelps (W),
which are consequently five or six in nnmber; and they are of
such a breadth that the mean diameter, measured over the
whelps, is about donble the diameter of the barrel. They are
kept apart at their upper and lower ends by ckocks. They
taper towards the upper end; so that the diameter over the
whelps is 4 or 5 inches less ncar the upper end than at the
lower end: this is called the surging power; and its object is
to make a rope, when wound round the capstan, gradually surge,
or slip from the larger end, where it is led on, to the smaller
end, where it ie led off, in order that the successive turns of
the rope may not override each other at the larger end.

UTH is the trundle-head or drum of the upper capstan, and
L T H that of the lower capstan. The trundle-head of a capstan
ranges from 3 to 5 feet in diameter, being a little greater in
diameter than the greatest diameter over the whelps, It has
squarc holes all round its outer rim for inserting the capstan-
bars, at the rate of about one to every foot of its circrimference,
or nearly so; these Jar-holes are from 3 to 5 inches sqnare,
tapering inwards, and from 10 to 12 inches deep. The length
of the capstan-bars is about three times the diameter of the
trundle-head, or from 8 to 14 fect long. They are fastened in
the bar-holes by means of small pins dropped in from above,
and are connected together all round by a rope through their
outer ends, called a swifter.

P are the pauls, or catches, for preventing the eapstan from
rouning back. They are carried by a round part of the capstan
called the paul-head; and they drop between and take hold of
the teeth of the paul-rim or ratchet, a strong toothed ring which
is let down into and bolted to the lower partners. When
required, the pauls can be supported clear of the rafchet by
means of small pins,

207

CHL is tho chain-lifler or cable-holder, made of cast-iron,
for acting divectly on a chain-cable. Its rim is of the form
of a deep groove, with projecting ribs on its upper and lower
surfaces; so that the alternate links of a chain may fit into the
spaces between the ribs,

R, R, R, B, in Fig. 11, are upright rollers, for guiding a
chain-cable, s0 a3 to make the chain-lifter Jay hold of it.

¥ig 1%,
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CHP, CHP, in Fig. 11, are a pair of chainpipes or
deck-pipes, with controllers or deck-stoppers just ahead of them.
A cable is represented coming from the bows (which are in the
direction marked H), guided round the capstan by the rollers,
and dropping into the starboard chain-pipe,

This mode of fiting a. capstan, so as to enable it to act
directly on & chain-cable, is known as Brown's fittings. In the
absence of such- fittings, or when a hempen cable is to he hove
in, an endless chain or rope, called the messenger, is used,
passing round the capstan, and round two pulleys near the
hawse-holes. If a chain, the messenger ig acted on by a
sprocket-oheel, having teeth suited to the size and figure of the
links: if a rope, it is put three times round the capstan-
barrel. The messenger lies alongside the cable, to which it is
fastened by iron or rope fastenings called nippers; these are
successively taken off the part of the cable that is approaching
the capstan, and put upon the part that has just come in
through the hawse-hole..

The average total power of a man working at a capstan-bar
is estimated at about 50 foot-pounds per second, or 3000 foot-
pounds per minute; being vy of a horse-power.

A windlass of the old form, employed in small vessels,
consists mainly of a barrel with a horizontal spindle, turning
in hearings supported by upright posts called the carrick-biits;
provided with whelps, and also with & ratchet-wheel and pauls
to prevent its running back; and driven by means of hand-
spikes inserted Into holes in the harrel. Improved windlasses
have chain-lifters for heaving In chain-cables, and gearing of
a great variety of kinds, more or less like the wheel-work
of a crane, for enabling a small force with a great speed
to overcnme a great resistance slowly. Bometimes also the
windlass is provided with a I[riction-brake, to be wused in
lowering weights; and then if the brake ia powerful enough,
the anchor may be lowered by means of it, without the aid
of bitts or compressors, A windlass may he driven either
hy a small steam-engine forming part of its own mechanism, or
hy a messenger or endless chain, from an engine used for
various purposes and placed in any convenient part of the
vessel,
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them to float when full of water, they want the power of selft
righting, which is essential to a complete life-boat.

In an ordinary boat, the inverted position is a position of
stability, as well as the upright position ; aud should the boat
upset, it continves to float boitom upwards, In order to make
a boat selfrighting, the inverted position must be rendered
unstable; and that is done by giving the boat a great sheer
npwards at the bow and stern, and filling the ends which are
thus raised with large buoyant air-cases. In some life-hoats
the side air-cases are carried up to the runwale {or the same
1“1]'17050.

Figs. 12, 13, 14, and 15 show the general construction and
arrangewent of one of the life-boats of the Royal National Life-

¥ig. 12,

boat Institntion, on a scale of g4 of the real dimensions, Fig,
12 is the sheer-plan, Fig. 13 the deck-plan, Fig. 14 the
body plan, aud Fig. 15 the midship section. The length of

Fig. 19,
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the boat represented is about 30 feet; the breadth 7% feet,
being one-fonrth of the length; the depth amidships is about
3 fect; and at each end there is an upward sheer of abont 2}
feet. The lower gunwale has a regular
upward curvature; aud above it is an
upper gunwale or plank-sheer, rising rapidly
| with a reverse curve, as Figs. 12 and 14
.} show. The midship section iz nearly rect-
© angular, and fat-bottomed; towards the
onds, the cross-sections become U-shaped, as shown in Fig.
14, with a slight flave out. There is a lheavy iron keel,
which acts as ballast,

In Figs. 12, 13, and 15, D is the deck,

Fig. 14,

Fig. 15,

F == 2| having a moderate upward sheer: the space
& £ wari e “'5 below it, for a length of rather more tha.n
=t one-fifth of the boat's length amidships, is

filled up solid with light wood, marked F in Fig. 15. Amid-
ships is a small well, W, with a pump for removing water
which may leak inte the space below the deck.

T, T, T, T, T, T, are six relicving tubes, 6 inches in diame-
ter, with valves opening downwards, for discharging any water
which may lodge on the deck.

AC are the air-coses of the sides and ends. The eide
aircases are below the ends of the thwarts; tho end air-cases
rise to the level of tle hcads of the stem and stern-post
respectively.

In Fig. 12 are shown the life-lines, hanging in festoons or
bights round the sides of the boats, for persone in the water
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to hold on by, The two midship bights at ecach side hang
lower than the rest, so as to form stirrups to assist men in
clamberiug on Loard,

Life-belts or jackets made of cork should be provided for the
whole crew of the life-boat.

79, Lifesbuoys—The life-buoy for hanging over the stern,
with which ships of war, and sometimes also merchant ships
are fitted, is usuvally made of copper or yellow metal, aund
consisis of an upright shank with a pair of horizontal armg,
forming a cross, and having at the ends of the arms two thin
hollow globes, to give buoyancy. At the lower cnd of the shank
is a flat step or stirrup, for the foot of a mau to rest upon
while he holds by the arms, or by the lower part of the shank.
Should he take hold of the upper part of the shank,
the buoy capsizes. On the top of the ghank is a
port-fire, to show the position of the buoy at night:
it is lighted by a trigger, which is pulled before the
~ bnoy is let go.

Circular life-buoys are large riugs, filled with cork
and covercd with painted canvas, and having ropes
round them to take hold by. They are distributed about the
weather-decks.

80. Pumps, for discharging water from the ship’s hold, usnally
stand in compartments called pump-weils, which extend from the
ship’s hottom to the lower-deck, and scinetimes to the upper-
deck. (See, for example, Plate {, where a pair of pumps are
shown, immediately abaft the mainmast.) In iron ships, divided
into compartments by water-tight bulkheads, there is usually a
pump, from 6 to 8 inches in diameter, to each such compart-
ment.
channels (already mentioned jin this Division, Article 38), and
discharge it into the sea through a channel or spont called the
Pnmps were once made of wood, but are now

Pumps draw the water from the Kmbers, or water-

pump-dale.
generally of mized metal, or of iron. They are of an endless
variety of kinds, both as to their own construction and that of
the mechanism by meaos of which they are worked; but for the
most part they belong to one or other of the three following
classes -—

1, Piston-pumps are the most freqnently used; and are those
in which a piston either moves np and down or to and fro in a
cylinder or barrel, or revolves in a circular casing—the former
being by far the more usual form, Every pump with a recipro-
cating piston requires at least two clacks, or self-acting valves
opening upwards, for the supply and discharge of the water
respectively; the casings or chambers which coniain those valves
are called respectively the lower and the upper pump-box. When
the lower pump-bnx is fixed, and the upper pump-box is also the
piston, the pump is called a sueking-pump; and this is the oldest
congtruction: when the lower pnmp-box is the piston, and the
upper {8 fixed, the pump ig called a &Aing-pump; this construec-
tion is not usual on board ship: when both pumnp-boxcs are
fixed, and the piston is solid, the pump is called a forcing-pump;
and this is the most efficient construction. A long solid piston,
without packing, is called a plunger. The piston-rod is called
by seamen the pump-spear. In a double-acting forcing-pump,
there are two sets of pump-boxes, connected with the two ends
of the cylinder or barrel, so that the piston may force up water
during the return-stroke as well gs during the forward-stroke;
in this case the piston-rod must pass through a stuffiog-box,
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MASTS, SAILS, AND RIGGING.

Intermediate between single-tree masts and made masts are
chedded single-tree nasts, used when the stick will not work to a
sulficient Lreadth at the liounds. The cheeks are two picces of
timber coaked, Lotted, and hooped to the mast at each side, in
order to make up the required breadth in its upper part; and
they cxtend from the cap down to midway between the Lounds
and the deck, The butt-cuds of the clicek-pieces are usually
placed upwards.  The iuterval between the coaks, and that
between the hoops, are nearly equal to the diameter of the
mast. The hounds are made by cutting into the check-pieces
to the proper thickness; and the
knecs are separate pieces, bolted
and notched on to the fore sides of
the checks.

Mfade masis are bnilt of several
sticks, in thickness as well as
in Dbreadth. The number, shape,
and arrangement of those picces
are varied in an indefinite numher
of ways, according to the size and
shape of the mast required, and of
the sticks available for making it;
hut the following general principles
appear to be followed in almost
every case:—

The pieces are conked and bolted
together at their faying sorfaces,
and the mast hooped in the inter-
vals between the coaks; the length
of such intervals Leing about equal
to the diameter of the mast.

A piece of the mast, if neces-
sary, may cobsist of two or three
lengths, scarfed together, the length
of the scarf being between two and three times the diameter
of the mast, so thal three hoops may pass round it; and in
such cases the scarfs should break joini with each other.

Tig. 1.

iR

Fig 2.
c
P
—3
MH
TR n - B TR
e o cr
L e |
H H
T

At the head of a ship’s lower mast is a framing, of which
IYig. 1 is a side or fore-and-aft view, Fig. 2 a thwartship view
from aft, and Fig. 3 a plan. In these figures, M is the mast,
M H its head, with a cleat at the aft side to support the slings
of the lower yard; H the hounds, K the knees of the hounds,

T T are the frestle-trees, being two picees of strong hard
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timber lying forc-and-aft, and supported by the hounds and
knees, Half the Lreadth of each trestle-tree rests on the hounds-
piece below; the other half projects,
slightly tapered toward the ends.

CT are the cross-trees, lying athwartships, and supported by
the trestle-trees, upon which they are scored down; two-thirds

The trestle-trees arc

e, 3.

TR

of the score being taken out of the trestle-trces, and one-third
out of the cross-trees.

Between the fore cross-tree and the mast is a square hole Jarge
epough to admit of the topmast sliding freely through it.

B are the bolsters, to guard the upper sides of the trestle-
trees from being worn by the rigging. They are covered with
hides or canvas,

Upon the cross-trees and trestle-trees is supported the #op,
being a platform of a shape more or less like that shown in
plan in Fig. 3; that is, having a curved front, and being some-
what narrower at the fore than at the after side, in order that
it may interfere as little as possible with the sharp Lracing of
the top-sail. In Figs. 1 and 2 the top is shown in section.
The flat of the top cousists of two sets of planks lying respee-
tively athwartships and fore-and-aft, and halved into each other
where they cross; they are also bound together edgewise by
horizontal Lolts. On the upper side of the flat of the top is
the top-rim, TR; aud the sleepers or upper cross-rees, UCT,
directly above and of the same breadth with the lower cross-
trees, to which they are holted, and about half the depth. Iu
the eentre of the top is a square hole; the two parts of this
hole at the sides of the mast, between the trestle-trees and the
flat of the top, are each called fudber’s hole (LH in Fig, 3);
and sometimes each lubbet’s lole is capable of being enlarged
when required by lifting a hinged scnttle.

At the centre of the fore part of the top, in Fig. 3, is scen
a semicircular hole, with its after edge guarded by a wooden or
iron bolster, for the passage of the slings of the lower yard.

The side parts of the top-rim have iron plates bolted above
and below them, called futtock-plates, and bave oblong holes in
them, from three to five in number at each side, for securing the
upper ends of the jfuttock-shrouds. The after part of the top-
rim has four or five sockets in it, to receive the lower ends of
tho stanclions of the fop-rail. (The top-rail is not shown in
the figure.)

CN, CN (Fig. 1), aro two chatn-necklaces, surrounding the
lower mast just below the lower ends of the hounds-pieces, and
gerving to secure the lower ends of the futtock-shrnuds (to be
again mentioned in a later Chapter). R P is the rublbing-pawnch,
a piece of wood nailed on the fore side of the mast, to prevent
yards or other spars, which are being raised or lowered, from

being injured by the hoops.
3L
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C, in Figs. 1 aud g, is the cap, being a flat oval block of
wood, hooped with iron (and sometimes of iron or of copper),
which has in it two holes; the after hole is square, and fits
upon a tenon oo tho top of the lower masthead; the forward
hole is round, and of such a size that the topmast, T M, can
slide casily through it. In tho heel of the topmast I8 B Bquare
hole, called the fid-hole, through which passes a square pin or
key of iron, called the fid, F; the two ends of the fid are
supported by the trestle-trees, upon iron plates, called the jfid-
plates; and thus the weight of the topmast is borne.

The lower part of the lower masthead, just above the bolstors,
13, is protected from the friction of the rigging by upright hattens,
shown in Fige 1 and 2.

The details of the construction of tops very very much in
different vessels. Sometimes, instead of close platforms of plank-
ing, they have open gratings.

SUMMANRY OF FROPORTIONHA

Hounds-pieces: height = height of mosthead x.........., about 08
i hreadth, fore-and-aft, including knees =
diameter of lower mast 4 dinmetar of
topmast,
b thicknes = hounded length of topmast x 4y
Mast-hoopa : bresdth, fiom § iacheas to § inchea; thickness,
from § inch o § inch.
“ drift, frow iy @ iy of diameter of mast-
Caaks: diameter = dinmesr of MBSt X vrverveerearvrninanns 00 § 10 §
Bolts: diameter — dinmeter of mast X .oweiiisimnnin from 08 to 05

Trestle-trees: length = hounded le.ngl-h of t0pmn.st x (22

“ depth = length x. abont #
“ breadth = dapth x. - %}
Croas-trees: length — hounded length of topmast g g
W breadth — breadth of trestle-Lrees
w depth = bresdth x. e “ 3
Belis for trestle-trees: diameler — depl-h of r.rutle tree X frum e to 1y
v for cross-trees: diameter = breadth of croas-tree x % 4 to }
Flat of tap: ihickness, fom £ jnches to 3 inches.
Top-rim : thickness — thickness of 10p X .emsserecsmmseneese  about §
Lubber’s hole: length = kenglh of trestle-trees x ..., ¥ 04

Futtock-plales: breadth, from 2§ inches to 4 inchex
& thickaess, from § inch o § inch.
Top-rail: about 3 feet bigh } stanclions and ruil about 1 inch diameter.
Cap of Jower mast: length em 1§ % dinmeter of lower masthead 4 B x
diamater of topmast.
breadth em 9 x diameter of topmast,
thickness == § x dinmeter of topmest.
square hole 1o fit tenon on lower masthesd, sapered

1 12; round hale § inch lurger in dimmetar than

topmasb—Tir, } inch for leather, and § for freedom.
Iron hoop, j of depth of eap; thickness, § in. to § in.

Fid : length — given dimneter of lower mast x 1}
“  depth — dinmeter of topmast » §.
“  breadth — § depth,

Fid-plates: 1 ipch thick

30. Topmasts.—The poaition and mode of support of topmasts
have been stated in the preceding Article. The fid-hole is lined
with iron on tle upper side. There is also commonly a sheave-
hole near the lower end of the topmast, containing s sheave for
the fop-rope, or rope hy means of which the topmast is raised and
lowered. If necessary, the Leel of the topmast is made to fit
the hole hetween the irestle-trees, by nailing on filling-pieces,
three of which are seen in Fig. 8,

The framework at the head of a topmast is illustreted by
Fig. 4; in which T M is the topmast-head. The hounde-pieces
are of elm or other wood of similar quality; their length is
half of that of the topmast-head, and they are of such a thick-
ness as to be able to pass through the hole ju the cap of the
lower mast. Each of them is secured to the topmast by coaks
and bolta. Ahove the hounds sre the frestletrees, TT, and

AND RIGGING.

sbove the trestle-trecs the cross-trees, C T, unuvally three in
pumber ; the foremost cross-tree forms & convex curve, and is
secured to the middle cross-tree at the ends; and between them
is a space, over the centre of which the heel of the topgallant-
mast, T G M, is supported by means of a fid, F, The cross-trees
are conpected together by ¥ig 4.

means of two or more iron
straps, 8. Close abaft the
topmast is seen & short cross-
tree, Bometimes, instead of °T
the foremost long cross-tree, there is another short cross-tree.
The upper sides of the trestle-trees are guarded by bolsters,
The cap of the topmast is similar to that of the lower mast,

MIMMAEY OF FREOPOSTIOND
Trestle-trees: Jepgih =— hounded lengl.h of topgallnnlmut x abent 022
" deplh = length x. o +
& hreadth = depth x. v % 056
Cross-trees: lengih of long cross- tree bei'ore t‘ne topmnlt —
lengih of westle-lree x. er worne 2
o lengih of long cross-tree a.'bel'l. thc topmut —
length of trestle-tree x.
“ length of short crom-trées = mdth over tnntle-
weed 4+ 3 x breadth of tresile-tree.
u breadth = breadih of irestle-tree,
¥ gresteat depth = breadth X ..oovvvveiimnvenciinnisn

Long croes-trees aro of a parallel depth for the middle third
of their length, and taper on the under side to balf that depth
at their ends. Cross-trees are let down & of their depth into
trestle-trees; # of score faken out of trestle-trees, and % out
of cross-trees. Diameter of bolts about & of depth of trestle-

. 241 nearly,

about §

tree.

Sometimes the spaces between the trestle-trees and under the
cross-trees, close afore and abaft the tnpmast, are filled with
chocks; and below thase chocks and the trestle-tres is bolted or
acrewed a plate of iron, with & square hole for the mast.

Topmasts, if necessary, may be made or built of more than
one stick, on the same principles with lower masts, but with
fewer pieces.

31. Topgallant and Foyal Masts are usually in one piece, and
are round, except at the heel of the topgallantmast, which is
eight-square. The td-hole iz in depth half the diameter of the
topgallantmast, aud in hreadth two-thirds of its depth. Ahove
it is a thwartship sheave-hole for the topgallant-rnpe, by means
of which the maet is raised and lowered.

Just above the stops or kownds of the topgallantmast, iz a
copper funnel, or short hollow cylinder, fitting easily upon the
pole above the stops, and having a projecting rim round its
lower edge. The topgallant-rigging is fitted on this finnel;
and when the topgallantmast is lowered or struck, the funuel,
with the rigging attached, rests by means of its rim upon the
cap of the topmast-head, and allows the pale to bLe lowered
through it.

Just helow the topgallant-stops, and just below the royal
stops (above wbich the royal staya and backstays are attached),
there are fore-and-aft sheave-holes,

When there is a separate or fidded rnyal mast, the head of
the topgallantmest is fitted vp like that of & topmast.

82, Bowsprit and Jib-boom.—A howsprit, like & mast, may be
of & single tree, or mads of more than ome tree. It is round
throughout its length, except for one-ninth of ite lengih at the
outboard end, which ia four-square on the top and sides, and
rounded below, This part is culled the Aeed of the bowsprit,



MASTS, SAILS, AND RIGGING.

and has bolted to its sides two pieces of lLard wood, square, or
nearly so, in section, and of Lalf tho dimensions of the bowsprit.
These are called the dee-blocks, and liave sheaves in them for
certain ropes. At intervals along the outhoard part of the
bowsprit, square projections are left for the securing of certain
other parts of the rigging. Beyond the extremity of the head
projects a square tenou for the cap. The bowsprit cap is like
that of a mast, except that it often stands vertically, and is tra-
versed obliquely by its two holes. The lower Liole is square, to
fit tightly on the tenon of the bowsprit: and the upper cylin-
drical, for the jib-boom to slide through easily, with 2 inch of
play. The obliquity of the axis of the latter bole, to a line
perpendicular to the fore-and-aft sides of the cap, is the same
with the stecve of the bowsprit. The principal dimensions of
the Lowsprit-cap are—

Length = diameter of jib-boom x..........
Breadth = “ “ Konaan
Thickness = & L o T

cevers about 5

At a distance of ove-third of the length of the jib-boom,
inward from the outer side of the bowsprit-cap, is fixed, on the
upper side of the bowsprit, an iron saddle, for the heel or inner
eud of the jib-boom. Near the inner end of the Jib-boom
> a thwartship sheave-hole, for the Aeel-chain by which it is
licld out.

The flying jib-boom is sometimes io one piece with the Jib-
boom; and the jih-hoom has a copper fuunel for its rigeiog, like
a topgallantmast. Wlen separate, the jib-boom usually carries
the flying jib-boom by means of a ring, called a boom-sron,
projectiog obliquely upwards and sideways from the npper part
of the starboard side of the outer eod of the jih-boom, The
hicel, or inuer end of the flying jib-boom, either steps in a notch
in the bowsprit-cap, or fits in an inuner boowm-iron.

A cutter’s bowsprit is made to reef; or Tun in, 80 as to shorten
the ouiboard part in stormny weather, The inboard part and the
veefing part are made square, with the angles slightly ronnded;
the rest of the outboard part is ade rovud, In the same
mauner, the bowsprits of ships of war with ram bows are now
fitted to reef

33. lore-and-aft-rigged masts, as those of cuiters and
schooners, and the mainmasts of brigantines and wizenmasts
of barques, have the hounds-pieces only ove-fifth of the length
of the masthead, and are sometimcs fitted at the head with trestle-
trees and cross-trees like those of a ship’s topmast.  Often, how-
ever, instead of a pair of trestle-trees, therc is a lower cap,
testing on the Louuds, and similar to the cap on the head of
the mast, except that the dimensions of the after part arc some-
what greater, in order that the square hole may fit the inasthead
close above the hounds. The round liole in the fore part of the
lower cap receives the heel of the topmast, which is supported
there by mcuns of a fid, Iwmediately before and abaft the
mast, a pair of long eross-trees, like those of a ship’s topmast,
are supporled by the lower cap, to which they are belted. The
upper surlaces of the side parts of the lower cap are protected
ngamst the Iriction of the rigging Ly mcans of bolsters, like
those of a ship'e trestle-trocs,

34, Jron and Steel Masis and Spars are of the same outside
figure and dimensions, or nearly so, with the wooden masts
which they replace, bat are hollow; the thickness of the shell
heiug regulated by the principles stated iu Article 27. The

235

seams or longitudinal joiots of the shell are usvally single-
rivetied; tho butts double-rivetted, except at the wedging-deck,
where they are treble-rivetted; and the butts should break joint,
Each breadth of plate iu the circumference of the mast is usually
stiffened by mcans of a longitudinal rib of L-iron or T-jron

Fig. b.

inside (see Fig. 5). These ribs in general ruu along the seams
of the masts, If the seams are lap-jointed, L-shaped ribs may
be used, as at A ; if the seams arc flush-jointed, as at B, T-shaped
ribs are more suitable, placed so as to act both as stiffening rils
and as coveriug strips. Btill further to stiffen the mast, the
flanges of the ribs are sometimes counected together traosverscly
Ly braces.

It is sometimes necessary for the safety of a slip during a
storm to let the masts go overhoard. A parting-joint for iron
or steel masts, con-
trived for that pur-
pose by Messrs. Finch
& Heath, s repre-
sented in Fig. 6. D,D
is the weather-deck.
M, is the lower, and
M; the vpper, division
of a tubnler iron or

Fig. 6.

steel lower roast
Each of those divi-
sions 18 strengthened
at their junction by
a collar, provided with a flange.
divigion, and ¥, that of the upper division; and thosc flanges
are accurately fitted to each other, so that they may be firmly
and steadily clasped together by meuans of an internally-grooved
ring, of which oue half, R,, is represented in position, and the
other half, B;, as lying on the deck. When Loth Lalves of the
ring are in position, being held toegether by the screw-bolt, B,
the parting-joint is at least as strong as any other part of the
So soon as the bolt is unscrewed, ihe ring falls off, and

I, is 1he flange of the lower

mast,
the mast goes overbourd.

84a. Tripod Afasts (the invention of Captain Coles, R.N.) arve
made of iron or steel, und consist of three equal, or neatly equal,
diverging legs; one stepping on the keelson amidships, and
answering the ordinary purposes cf a lower mast, and the other
two spreading at equal angles abaft of the first leg, and stepping
on the floor. All three legs are so fastened to ihe ship's Loitom
and to the decks which they traverse, as to resist temsion as
well as thrust; and thus standing rigging is rendered unueces-
sary The principal ropes of the ruuning rigging reqnired in
action {viz., lower and topsail braces, and topsail 1yes), are led
down 1o between decks through the tubular legs, so as to be
worked by meu under cover, and to be thewselves in & gieat

wmeasure protected from shot,
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