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FOREWORD

T WAS my good fortune to grow up in a house in which the

first edition of Howard 1. Chapelle’s Boatbuilding stood easily at

hand on a bookshelf. It belonged to my grandfather, who
turned seventy the year that first edition appeared, and I can well
imagine how he thrilled to its every page. He had been around
boats since boyhood; among his forebears were shipwrights and
sea captains, and he was very familiar with the construction of
yachts and boats. Yet, although he and other determined students
or enthusiasts could find an occasional small book on the subject of
building specific types of craft, there was nothing of substance
which explored and revealed so many of the intricacies of this
mysterious art and science. Thus, Boatbuilding became the first
broad examination of traditional methods, and in this alone it
probably would have found good success. But it had greater
strengths and virtues, and they lay in the breadth of the author’s
scholarship, and in his ability to convey, through his numerous
sketches and plans, a sense of the romance which is so much a part
of designing, building, and sailing wooden boats. And Boatbuilding,
like his Yacht Designing and Planning, American Small Sailing Craft, and
others, finds much of its enduring value in its ability to inspire on
both a visual and cerebral level in every chapter.

Although Howard Irving Chapelle (1901-1975) was completely
at home at his typewriter, his drafting table, and in museum
curatorial offices, his career and reputation sprang from the years
he spent working in the field—around, on, and under the many
vessels and small craft which were fast disappearing from the
waterfront. He grew up around the harbor of New Haven, Con-
necticut, and sailed a traditional New Haven Sharpie, a local boat
for oyster fishing. Although as a young man in 1918 he had been
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heads, and the fittings that require room to install easily. When he
is satisfied that enough of such work is done, he lays the deck, fits
the bitts, and makes up the hatch frames and cabin trunk. Then he
puts in the cabin roof beams and lays the roof. If both or either
the deck and cabin roof are canvas covered, he does this before se-
curing any of the hatch frames in place. Then, when the deck is
completed, he builds the rails; after this he may complete the
deck fittings and install the hardware outboard. The interior is
next completed, the plumbing installed, and all cabin fittings
placed. When the engine piping and wiring are finished, the cock-
pit is completed.

Now the hull may be finished; any deck fittings or hardware
not installed are secured and all outside smoothing is done. When
the planing and sanding are completed, the boat is painted inside
and out. While this is drying the builder can get out the spars, fit
the rigging hardware and prepare to step the masts, put over the
rigging,- and get the sails ready to bend. When all is ready, the
launching takes place, the spars are stepped, and the rigging set
up. Then sails are bent, the motor tested, and a trial takes place.
After this adjustments or small changes are necessary, as a rule,
so these are done by the builder before he considers the job com-
plete.

This, of course, is nothing more than a bare outline of the op-
erations necessary to build a boat, and the sequence may vary a
little in certain types of construction.

The most important requirements in a builder are accuracy and
patience. The beginner should have no feeling of haste. He must
plan each operation well in advance and try to see not only that
particular job but the one following it; by this means he will avoid
having to undo some work already completed in order to get at a
fastening, or to fit some member later on.

In every amateur boatbuilder’s shop there should be a “moan-
ing chair”; this should be a comfortable seat from which the boat
can be easily seen and in which the builder can sit, smoke, chew,
drink, or swear as the moment demands, Here he should rest often
and think about his next job. The plans should be at hand and
here he can lay out his work. By so doing he will often be able to
see mistakes before they are serious and avoid the curse of all
amateur boatbuilders: starting a job before figuring out what has
to be done to get it right.




- CHAPTER ONE

PLANS

tain plans. When these are once chosen, the size, type, rig,

and accommodation of the finished boat are established. The
cost and the amount of labor necessary to build the boat are also
decided. Even the number and kind of tools and the equipment
required will depend upon the plans chosen. It is hardly neces-
sary to stress the fact that, aside from these matters, the behavior
of the boat under sail and motor, her appearance, and, last but not
least, the comfort to be had in her, are all decided upon when
the plans are selected. Obviously, then, the plans are of the utmost
importance and a great deal of thought must be given to the
selection of them. The builder must decide for himself which
model of boat and design he wishes to build; what pleases his
eye, what fits his particular requirements as to wind and water,
use and cost. Nevertheless, the following information will serve
as a guide to the beginner.

THE obvious first step in building a boat is, of course, to ob-

Time

Most amateur builders do not care to spend more than a year
n constructing a boat. The exact number of hours required to
build a boat is an important consideration, particularly as the
amateur builder usually works after business hours and on holi-
days and week ends. If a man is building a boat alone, he would
not work over 936 hours a year if he spent two hours every week-
day and eight hours every week end on the job. Of course, very
few men with this amount of time to spend in building would
actually be able to do so; in practice they would probably have
trouble in reaching a total o}) much over 700 hours. Even with
the uncertain help of friends it is doubtful if a total of goo hours
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would be reached. Furthermore, the effectiveness of the hours
spent on the job depends upon the skill of the builder in handling
tools. Most amateur builders are unable, for this reason, to make
the most of the time they allot to the work. Often mistakes are
made and a task must be done over, with a resulting loss in time.
In the case of the outright beginner this becomes particularly
important as a cause of discouragement, since progress may be-
come very slow. It seems apparent, on this assumption, that there
are certain limitations on boats suitable for amateur construction.

Size

The chief of these limitations is size. This does not mean length
alone; rather it is best represented by weight, or “displacement.’
The three dimensions—length, breadth, and draft of water—give
a working idea of the actual size of a boat. It must be remem-
bered that the greater the cabin space required, the greater the
space inside the hull must be and therefore the greater the dis-
placement; or, in other words, the greater the size actually be-
comes.

To make the matter clearer, a boat 40 feet long on deck, 11
feet beam, and 6 feet draft is usually a good deal heavier than one
40 feet by o feet by 4 feet. The first boat, weighing more, has
greater cabin space and therefore takes more material to build,
which in turn represents more hours of labor and more cost than
would be required to build the second and lighter boat.

Suppose these boats are both of the common round-bottom
class and that they have very meager cabin furniture, simply
arranged; the number of effective working hours required to
build the hull, cabin, deck furniture, and spars, and to paint and
finish, would be about 980; add to this the hours necessary to in-
stall engine, tanks, wiring, plumbing, rigging, and ironwork, and
the total is well over 1,400 working hours for the heavier boat.
The total for the second and lighter boat, on this basis, would
be about 1,100 hours. Of course, this comparison is based on
specific examples that are reasonably alike in all but displacement.
Differences in model, finish, and detail would have qualifying
effects on such a comparison. Lest it be assumed that the differ-
ences in weight, or displacement, could be accounted for in
ballast and not in work and material, it must be made plain that
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the heavier a boat is in displacement, the stronger and heavier
must be her construction, if she is to be a soundly built job.

The question of how large a boat an amateur builder should
undertake de}:ends wholly upon the following factors: his skill,
time allotted tor building, help available, and the model and finish
of the boat shown in the design to be followed. As a general
guide, however, it is possible to set up certain standards of
maximum size that should not be exceeded. For a man who has
never built a boat before, and whose skill in the use of tools is not
great, a boat weighing between 2 and 3 tons is about as large
a craft as he should attempt to build alone. In length, such a boat
might fall between 24 and 30 feet, perhaps, depending upon model
and type. If he has no allotted time t}())r building then the size
might be increased slightly, but this is not recommended; slow
progress, which would naturally result, would be very likely to
discourage him. Two such amateurs could build a boat up to 4
or 5 tons displacement, say, of lengths between 28 and 35 feet.
Even the most skilled amateur would do well to take 14 tons dis-
placement and 40 to 45 feet length on deck as the largest boat he
can build at home, with occasional help. Such a boat would re-
quire about a year and a half to build under the best conditions
that a beginner can expect; probably two years would be re-
quired. Since it is extremely important that the beginner not
hurry his work, it is really a mistake to attempt to set an exact
building period; on the other hand, few men wish to spend as long
as two years building one boat. For that reason, regardless of
model, a boat exceeding 45 feet in length on deck and 14 tons
displacement is too large for home construction. As a general rule,
the larger the boat chosen by an amateur builder, the simpler
she must be in construction, model, and arrangement. Fancy finish
is usually out of the question in a large, “home-built” boat.

Model

The mode] of the boat chosen for amateur construction must
!)e subject to certain qualifications as to suitability. For this reason
1t may well be classed as another important limitation—as im-
portant as size and closely related to that consideration.

Model is taken to mean basic design. For practical purposes
there are assumed to be three basic hull forms, graded according
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to the shape of their midsection, or largest transverse section: flat-
bottom, V-bottom, and round-bottom. Each basic model is sub-
divided into a number of “types” which represent variations in
the basic model, the result of} the application of a model to some
given condition or requirement.

Flat-Bottom Model

The first to be considered is the flat-bottom model of boat.
Of all models this form of boat is the easiest to build; it requires
the fewest tools and the least hours of work to complete in any
given length. In type it is usually classed as follows: scow, punt,
skiff, or sharpie. The scow is nothing more than a rectangular box
with the two narrow ends sloping outward from the bottom,
usually with shoal upright transoms or end timbers finishing off
these sloping ends on top. The punt is an improved and developed
scow, having the bottom well rockered fore and aft, flaring sides
and raking transoms at bow and stern. The skiff is marked by
a sharp bow and has less rocker to the bottom in profile forward;
aft she is like a punt. These three typesare usually }l;uilt for rowing
in lakes and rivers, but occasionally they are used as sailing craft.
In the latter case they commonly have centerboards. In some lo-
calities the punt and skiff types are fitted with power and are
used for fishing. The sharpie is really an enlarged skiff; some-
times, however, it has either a sharp stern like a canoe or a
rounded stern something like that seen on the towboats used along
the coast,

Exampres. The flat-bottom model is suited for protected
waters, but is occasionally used along the coast when built to
sufficient size. Large-powered scows are seen in harbors and
rivers; formerly such boats were commonly fitted with sail, either
sloop or schooner rigged. Others of this class were punt shaped.
The New Jersey oyster garvey, the Maine scow sloop, and the
San Francisco scow schooner represent examples of the practical
use of such hull forms. The skiff is also used under power and sail
by fishermen or watermen along the coast. The sharpie, ranging
from 18 to 6o feet in length, is usually a sailboat, but sometimes it
is fitted with a motor. Boats of this class are in favor for shoal
water work of all types; formerly they were very popular with
oystermen on Long Island Sound, the Carolinas, and Florida

Plans 29

Scow
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PUNT

SHIErF oP
SHARPIE

1. Flat-Bottom Types

waters. Many of the Chesapeake Bay crabbing boats are of this
same general type. The use of flat-bottom hulls for pleasure craft
was largely a development of the designs evolved in commercial
boats, where shoal draft and cheapness were important.

The flat-bottom hull is commonly seen in the very small sail-
ing classes, as dinghies and prams, and occasionally as small cruis-
ers. Whether rowing, sailing, or power hulls, the designs are
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marked by light displacement, slight or moderate rocker to the
bottom fore and aft, and simple construction.

Design. Observation indicates that for sailing, or power, the
flat-bottom hull should be relatively narrow in proportion to
length and that the rocker of the bottom fore and aft should be
moderate. In sharp-bowed craft, the line of the bottom, viewed
in profile, should conform to a general rule. The heel of the stem
should either touch the water or be just clear of it. From this point
the line of bottom, or chine, should run straight and sloping down-
ward for about one third the water-line length of the boat; from
there it should go into a reasonably gentle curve through the
middle third, and then should again become straight, or very
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2. Typical Flat-Bottom Hull Construction

nearly so, and run upward to the stern. Even in rowing skiffs this
general form is quite important. Much of the prejudice against
flat-bottom dinghies can be traced to the neglect of this matter
on the part of their designers and builders; if there is curvature
in the ﬁ)rward third of the chine, in profile, the boat will row
heavily. Flare is also important, for it not only aids in seaworthi-
ness and stability under sail but also gives increased power to
carry loads. The Gloucester Fishing Dory is a good example of a
flat-bottom hull designed for rough water work and load carry-
ing; it is also a good example of the effect of flare on sea-keeping
ability in flat-bottom hulls.

ConstrucTioN. The usual construction of a flat-bottom hull is
to make up the sides of one or more strakes; the bottom is cross
planked. Longitudinal stringers are placed at chine and sheer and
secured to stem and transom or post. The planking of the sides
is fastened to these and the bottom is fastened to the chine string-
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ers. Along the sides cleats are worked in, vertically between chine
and sheer, to serve as frames. Except in the large sharpies there
is rarely any keel structure. A plank worked in along the center
line, either inside or outside o}) hull, serves the purpose. A skeg
or outside keel is sometimes used; this is merely spiked to the
fore-and-aft plank on the center line and to the bottom planking.
In a small boat only one or two molds are used, in addition to the
transom.

Bortom LA Fore anp Art. A few flat-bottom boats are
planked fore and aft on the bottom. There are no advantages to
this, and some disadvantages; a boat planked this way needs regu-
lar sawn frames and so is usually heavier than a cross-planked hull.
Also there is often weakness in a sailing boat so built, unless she

— : AN,

3. “Curved Sides and Flat-Bottom” Sailing Dory

is well braced. The dory is the only well-known example of a
working flat-bottom boat being planked fore and aft on the bot-
tom. Due to their narrow bottom this can be done with two or
three wide plank, so there is some saving of time in building.
The necessity for making it possible for these boats to nest inside
one another makes fixed thwarts or cross bracing out of the ques-
tion and sawn frames are therefore required to keep the sides in
shape. Since these frames must be used anyway, the fore-and-aft
bottom plank naturally follows.

Curvep SipE. In an attempt to improve on the appearance of
flat-bottom craft, designers sometimes employ curved sides in
cross section; a common example is the stock sailing dory. There
1s no real advantage, other than appearance, in this idea and it
makes the flat-bottom boat quite a bit more difficult to build. The
c.hief advantage of a flat-bottom hull being her ease of construc-
tion, there can be no common-sense excuse for adding anything
to complicate the building. A well-designed flat-bottom hull can
be made Very attractive in appearance by proper sheer and flare,
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combined with simple, straight-line stem and stern, if her free-
board and beam are both small in proportion to length. High
freeboard or very high deck structures, such as cabin trunks, are
not possible in a well-proportioned flat-bottom boat in lengths
up to 45 feet overall. It is evident, then, that full headroom (6
feet 1 inch by rule of practice) is not practical in this class of boat.

SeaworTHINESs. While it is true that flat-bottom craft are used
in rough water (the Gloucester Dory, or “Bank Dory,” for ex-
ample), the model is not suited for this purpose, generally speak-
ing. The sharpie type, in lengths between 28 and 6o feet, has gone
to sea and, in proper hands, will stand a good deal of punishment;
but her crew will receive as much as the boat. The large sharpies
pound heavily under bad weather conditions; so severe is this
pounding that there is danger that the calking may be knocked
out of the seams in the bottom. Large flat-bottom craft are in-
clined to be unmanageable in a heavy-breaking sea. The model is
suited to small craft or those used alongshore and in protected
waters, not for deep-water cruising.

There is one further modification in the flat-bottom model.
In this the bottom has some curve athwartships, but the sides are
flat. This is seen in small racing classes, such as the well-known
“Star Class” boat. This has the advantage in that it gives greater
speed in light weather than is usually possible with a boat having
the conventional flat bottom. Frames are usually required and
the bottom is planked fore and aft.

SaiLing QuaLiTies. A general idea of the sailing qualities of
flat-bottom models of good design can be given as an aid in form-
ing an opinion on the suitability of the class for a given condi-
tion. The boats will run very fast in strong winds and smooth
water. The long, narrow boats are fast reaching and running un-
der such conditions. Most flat-bottom boats are a little slow in
drifting weather. They will go to windward but will not point
as high as a good round-bottom boat should do. Their worst sail-
ing is done to windward, in light airs and in a choppy sea. Under
such conditions they pound and lose headway. In strong winds
they usually carry a strong weather helm. They sail best when
the weather chine is just clear of the water and in rough water
work when given some heel. They require much larger center-
boards than do most round-bottom boats; this, incidentally, is
one of their objectionable features when planning a cabin layout
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for cruising, as the case invariably divides the cabin in two parts.
‘Windage is a very important matter in the sailing of most flat-
bottom types and should be kept to a minimum. High freeboard,
Jarge or high cabin trunks, and excess rigging should be avoided.
For Power. As a motorboat, the flat-bottom model is suited
only for protected waters. It will carry heavy weights on a small
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4. Flat-Bottom Types

draft of water and is fairly efficient with engines of low power.
It is a mistake to attempt to drive a hull of this model at high
speed. The punt type of hull is widely used as a commercial
powerboat; it is a very efficient carrier and cheap to build. Sharpie-
type power cruisers are sometimes seen; usually they are very
small and are powered with outboard engines. It is a mistake to
attempt to build a wide boat for this purpose, if power is to be
used efficiently.

Jubcing For Bumping. There is one way of telling whether
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a design of a flat-bottom model is going to be difficult to build;
in the part of the “lines” showing the cross sections look at the
sides. If the lines of these as shown in the various sections are
parallel, or nearly so, the side will bend into place without having
to be twisted. If not parallel to a marked degree, the sides will
have to be rolled in or out—and this is not easy if the plank is not
very thin. I'o bring a flat side into a curved rabbet line at the stem

5. Body plan of straight-sided skiff with parallel
sections indicating an easily planked bull. Transom
side is mot parallel to sections as it is raking in
profile. This does not affect planking, however.

is likely to cause trouble too. If the stem is to be curved, this
should be only in the profile of the stempiece, not in the rabbet.

ConcLusion. A properlty designed flat-bottom boat is un-
doubtedly the best subject for an amateur’s first attempt. It offers
a wide range of choice of types which fulfill the needs of at least
the majority of beginners. Even if the amateur intends to build
a different model, the flat-bottom dinghy will serve to practice
on and to experiment with; the labor is not lost, since a useful
boat will resuF:

V-Bottom Model

The V-bottom model has become very popular with amateur
builders during the last thirty years. It is 2 more seaworthy model
than the flat-bottom and is usually somewhat roomier since it is
possible to employ greater displacement and beam. The V-bottom
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6. V-Bottom Types

is the outgrowth of the flat-bottom and was dgveloppd through
the necessity of getting greater displacement in a given length
than was desirable in the latter model. Because of the straight-
line sections usually employed, the V-bottom is lqoked upon as
a very suitable type for beginners. As will be explained, this may
or may not be true, depending upon the exact shape and con-
struction methods shown in a design.

Typzs. As in the case of the flat-bottom model, the V-bottom
may be divided into types or classifications. The first is the “modi-
fied” sharpie, having either dead rise at the stern, or stern and
bow, or a slight amount all along the bottom. A great many small
racers and some cruisers might be said to fall in this classification.
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The well-known Chesapeake Bay Skipjacks may be taken to rep-
resent the next type, having a good deal of beam and more dead
rise than the modified sharpies. The third type is that seen so
often in yachts, characterized by much lift to the chine fore and
aft, a great deal of dead rise, and a rockered keel with centerboard
or fin. The fourth type is usually employed in motorboat hulls
designed for high speed. In this both the sides and bottom are
curved in section; sometimes only the sides are curved. This form

7. V-Bottom Types

is best represented by the stock high-speed runabout. There have
been a large number of variations in the V-bottom model, employ-
ing two chines on each side, variously curved sections, or scow-
and punt-type hull plan and profile. The outboard racing boats,
hydroplanes, and certain classes of highly specialized and re-
stricted racing craft, both sail and power, may be said to illus-
trate these variations in the V-bottom model.

SeaworTHINESs. The V-bottom model’s seaworthiness is less
easy to rule upon than that of flat-bottom types. Much depends
upon the exact design rather than type classification, except, of
course, where racing craft (either power or sail) are concerned.
The modified sharpie and the yacht-type dead-rise model (dead
rise is another name for a V-shaped bottom, though the term is
also used in reference to the rising bottom or “floors” of round-
bottom boats) have often been used in deep-water cruising. These
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es and the Chesapeake Ba e are used for commercial
cn:a(;t%}:)th power and saﬁ The BZytgzipjack is not as seaworthy
as the other two models because of her proportionately greater
beam. Power dead-rise boats are used all along the Atlar}nc coast
of the United States for both work and pleasure. Dead-rise work-
ing craft have been built as long as go .feet and the common de.ad-
rise power yacht is often over 5o feet in length. Stock-boat build-
ers have developed many V-bottom power and sailing cruisers.
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8. V-Bottom High-Speed Motorboat

The majority of types having a V-bottom are designed for use
in protectclad w};terst.ylfr)l almost gall hulls having this form there is
some pounding in rough water. In power craft this takes place
when driven fast, even in a moderate sea. In saxlmg hulls it talges
place when the hull is heeled at certain angles, which vary with
the individual design. In sailing V-bottom craft the pounding is
rarely as severe as it would be in an upright, ﬂat-bottpm boat.
A dead-rise hull does not have the power to carry sail, that a
flat-bottom boat of the same length and breadth .would ha;we,
without the addition of ballast. This is not necessarily an objec-
tionable feature. B N

SaiLing QuaLities aNp DEesieN. The sailing qualities of the
V-bottom hull are somewhat like those of the ﬂat—bpttom types,
but with improved windward qualities if well designed. They
will rarely point as high as a well-designed round-bottom boat,
though this is not the case with exceptional designs. It seems
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probable, from observation, that some designs are adversely af-
fected by excess beam and windage. The effect of the chine may
also be the cause of poor sailling. Too much rocker in the chine
(in profile) is damaging to speed, as tank tests have indicated. In
many designs the chine is carried very high, forward and aft,
in an effort to overcome pounding. Apparently this is very harm-
ful to speed. The chine ought not to be too deeply immersed amid-
ships but, on the other hand, should not be out of water when
at rest or a very uneasy boat is likely to result. All chine hulls hav-
ing the sharp, conventional bow seem to benefit by greater sharp-
ness than would be common in round-bottom boats. The excep-
tion to this is in long, low, narrow, very light sailing hulls of the
racing type, where a full bow is often effective. Designers some-
times attempt to produce a deep keel hull, having a good deal of
headroom, by employing great dead rise. Such designs are usually
complete failures in speed and sail-carrying power. While it 1s
possible to use a keel in place of a centerboard in the V-bottom,
this ought to be in the form of a fin, rather than a part of the hull
form, to avoid the undesirable effects of excessive rise of bottom.
The angle of the bottom at amidships ought not exceed 18 de-
grees from the horizontal in V-bottom craft. The most common
faults found in V-bottom yacht designs are too much rocker to
chine, or to both chine and rabbet, too much dead rise, or too
much beam or freeboard.

Power DesieN. Power hulls differ in characteristics of des;
according to the type and required speed. Low-speed hulls are
usually long, sharp, and narrow; in profile their chines have little
curve. The chine is usually at, or a few inches above, the water
line at the bow, runs straight and sloping downward to a few
inches below the water line at about one third the water-line
length from the bow, then curves gently and comes out of the
water at the stern in a long, flat curve or straight line. The chines
are not deeply immersed and there is usually a rather deep fore-
foot. The transom is either clear of the water or immersed ve
little. In high-speed hulls the chine is usually rather high at the
bow and has a good deal of curve in profile forward. The chine
enters the water well amidships and then runs downward in an
almost straight line so that the greatest depth the chine is im-
mersed is abaft amidships or at the transom. In very fast hulls,
having sufficient power, there are one or more steps in the bottom
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running from chine to chine; these are hydroplanes. In all high-
owered craft the transom is well immersed when boat is at rest.
The forefoot is very shallow 'in these boats; the stem is well
curved, in profile, and the bow is full on deck-.
ConstrucTioN. The methods of constructing V-bottgm es
are many. Some are easily followed by the amateur builder but
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9- Block Forefoot of Five Pieces, Chesapeake Bay Fashion

others drive even the skilled professional to the moaning chair
in despair. The easiest type of V-bottom hull to build is the modi-
fied sharpie. This type has no forefoot as a rule; the chine _and
rabbet line of the keel meet at the heel of the stem. The sections
are usually straight sided; the rabbet of the stem is straight, or
nearly so. The stern may be sharp or have a transom, set ra}(mg
or upright. Usually the keel has no rabbet cut into it; there is an
inner member, the “keel batten,” which backs up the bottom
planking along the keel. The chine timbers are like those of most
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flat-bottom types; so is the side framing. The bottom is cross
planked, but at an angle to the center line of the hull with the
outboard ends of each plank further aft than at the keel. This is
usually done so that the planks at the transom will be nearly
parallel sided; the boats having plumb transoms or sharp sterns
do not require this method of planking the bottom, though it is
sometimes done. The forefoot is made most easily of a block
secured to heel of stem and to keel and hewn to fair off with the
bottom, when planked. In such construction the keel need not
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10. Cross-Planked V-Bottom with Staving at Forefoot

be carried to the stem unless there is an outside shoe or “gripe.”
If the rabbet line of the keel is lower than the chine at the stem,
the_ bottom Planking becomes a little more difficult. Usually the
easiest way 1s to plank the bow, between keel and chine, with
narrow, thick staving for a few feet abaft the stem; this is then
planed off to the thickness of the rest of the bottom planking,
when Fhat is laid. Sometimes it is better to lay the plank fore and
aft, using thick staving, for a few feet, then cross plank the bot-
tom. If the height between chine and keel rabbet at the stem is
not great, then it is possible to form the fore part of the bottom
by securing blocks on either side of the keel batten with dowels;
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the blocks are deep enough to fill the height between rabbet of
keel and chine, of course; then hew off the blocks fair to outside
of bottom plank when laid. This is perhaps the best method when
the forefoot is angular and the bow fairly full. Vertical staving,
however, is often used in place of blocking.

In this class of work no sawn frames are required in the bottom,
but if the boat is wide there are often two fore-and-aft battens
inside, one on each side of the keel, parallel to it, and about half-
way between chine and keel amidships. It is easiest to fit the out-
side keel or shoe before the bottom is laid. Boats having these
features of construction ought to have strong deck framing, with
a number of hanging knees, braces, or solid bulkheads to give
them strength enough to stand strains set up by waves or, if a
sailing boat, by the spars.

Borrom Lam Fore anp Arr. In yacht designs it is commen to
require the bottom to be planked fore and aft. This occasionally
causes a good deal of trouble to the inexperienced builder. With
this method of planking the bottom, sawn frames are required.
It is also necessary to fit the garboard in the same manner as in
round-bottom hulls. Usually all bottom é)lank run to the rabbet
of the szem, which requires sPacing and firting like the garboard.
Should there be much twist in these planks they may have to be
steamed, particularly if the bow is full. Steamed planking is one
of the reasons why professional builders often claim the V-bottom
is as hard to build as a round-bottom hull; fitting the bottom plank
to some designs will cause the amateur to wear the moaning chair
to footstool height.

When the bottom plank, laid fore and aft, does not run to the
stem but ends on the chine, the long, narrow points formed by the
acute angle at which the chine crosses each plank will usually cause
trouble when the calking is being done.

BatTEN SEAM CoNsTRUCTION. Some plans call for the seams of
the topsides, and of the fore-and-aft bottom Plank, to be backed
up inside by a batten, to which each plank 1s to be fastened as
well as to the frames. This is known as “batten seam construc-
tion.” Excellent for hulls subject to vibration, such as lightly
built, high-speed power hulls, it is not wholly suited for amateur
construction, unless the hull form is one that is easily planked.
The battens cannot be placed until the planking has been laid
off on the hull in accordance with the width of plank available,
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after it has been shaped and fitted. If this is not done, the builder
is likely to find he cannot get out a plank the width required by
an arbitrary spacing of the battens. Since the battens must be let
into the sawn frames, or molds, before the plank is fastened, the
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11. Batten Seam Construction and Cbhines

construction makes slow progress. With this type of construc-
tion, it is common in fast powerboats to use closely spaced steam-
bent frames between the wide-spaced sawn frames, to give greater
strength to the hull.

RaBBETED KEEL AND CHINE. Sometimes a design will require
a rabbeted keel; this will add to the labor required of the builder,
but is not beyond the skill of a reasonably good carpenter. On the
other hand, rabbeted chines are to be avoided as they require a
great deal of mold loft and carpenter skill to make and fit. Such
chines are sometimes employed in high-speed motorboat desi
intended to be built by highly skilled professional builders. It
must be remembered that the V-bottom is articularly suited to
high-speed motorboat design and is used for this reason alone,
not because it is necessarily easy to build. Because of this, com-
plicated construction methods are often shown in a design of a
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fast-power V-bottom in order to give strength with a minimum
of weight. As a general rule, light, strong construction requires

reat skill on the part of the builder since every member must fit
exactly and be well fastened.

Prywoop ConsTrucTION. In recent years plywood has been
used for planking both flat- and V-bottom small graft. The ma-
terial used for this is made with a Vyaterproof bl_nder between
the veneers; no other will serve. Wl_ule plywood is not affected
by water in contact with its faces, it may be harmed by water
in contact with its edges. To prevent this, seams and raw edges

Hee/

12. Batten Keel and Rabbeted Keel

e protected with a waterproof tape or cement. The lasting
glal?ties of plywood hulls gem good if properly built and the
construction is suited to small dinghies and similar craft. It is
expensive in large boats. As it is very flexible, a number o_f closely
spaced battens are employed between the frames. to stiffen _the
skin of the hull; this increases the labor, so there is little saving,
except in weight, over a planked hull. The source of most trouble
in plywood, Particularly the thinner sheets, is due to faulty manu-
facture; the inner plys (or core) are not closely butted and the
sheet will fracture if bent in the vicinity of ghe open but_t. Ir} mest
sheets of plywood the inner ply (or core) is of fir, which is sub-
ject to quick rot. Therefore, the plywood should be weu pro-
tected with paint, or canvas covered, to get the greatest life. In
small cruisers that must be light, canvas-covered plywood rpakes
an excellent deck or cabin roof if the required curvature is not
too great. Plywood cannot be bent in more than one direction;
the bending qualities of a sheet are besy represented by a square
of paper. Pressed fiberboards of certain classes may be used in
the same manner and for the same purposes as plywood. These
materials, Plywood and fiberboards, are much used for cabin
bulkheads if their binder is waterproof.



44 Boatbuilding

Murti-Carne Types. Hulls having more than one chine on
each side are sometimes designed for amateur construction. These
boats most commonly have two chine lines on each side and are
planked fore and aft. It is doubtful if there is any particular ad-

13. Sections Showing Multi-Chine Hull Forms

vantage to such hull shape, but some designers and builders prefer
it to the orthodox single chine. The planking has to be spaced and
fitted as in a round-bottom boat, though it is a little easier to get
the plank in place. The chines are generally backed with a batten,
beveled to fit the angles of the frames and plank. A better con-
struction, though harder to do, is to lap the edges of the planks
at these chines and omit the chine battens. This is the sailing dory

construction; by multiplying the number of chines, a round-
bottom hull results. '

Round-Bottom Model

The round-bottom model is considered by most amateur build-
ers too difficult to construct. This is not wholly correct; while it
is true that some designs are beyond amateur means, both in skill
and equipment, there are designs that are really no more difficult
to build than a V-bottom model having the bottom fore and aft
planked. The means of classification of the round-bottom model
must vary from the rather simple method used in the other mod-
els. The clearest way, most suited to establishing the relation of
a design to suitability for amateur construction, is to divide the
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model’s types according tfo midsectiqn and then subdivide accord-
i methods of construction. _ .
mgUtf)stCer:l;li The first midsection form is that which r_mgh.t best
be called the “dinghy semon”ﬂMOﬂ U-shaped. ThltS) xmdsec&
tion is used not only for dinghx_es, b_ut alsg for power hoats an
even larger sailing yachts than dinghies. It is probably the ;asxest
form to frame as there are commonly no reverse curves l11n ult1 ;: sec-
tions. There are a number of ways of planking this orm,

U- Section V- Section Y- Sechion

ification of Round-Bottom Types by Midsecﬁon, Showing
* Cla”gif;:ct of I{Iidsection on Otber Sections in the Hull

or lap-strake, carvel, strip and diagon?l. With the latter
:\l;g(igethods of planking, the usual bent framing may be _largela)I
or entirely omitted. The clench or lap-strake and the diagon
methods are the lightest and strongest; they are excellent fo;
dinghies. Clench planking is sometimes used in the bottoms o
higE-speed powerboats. It requires a good deal of skill to léulld a
lap-strake hull, but it is not beyond the capabilities of a good ama-
teur carpenter. The diagonal method, highly developed in .Engé
land under the name “Ashcroft System,” is particularly designe
for amateur building. It is not to be .confused' with the regular,
double-skin type of planking which is very difficult for the or-
dinary amateur. Carvel or smooth-skin planking is the orthodo::_
method; it is suitable for boats hav.m planking not less than % o
an inch thick. It is not qt;lite afs d ﬁul(; to do as lap-strake, but

ifficult than the Ashcroft method.
mci;e sccl)lrjrﬁle designs having carvel plankinf the seams are backed
up with battens; this is known as “ribband carvel” or batten seam
construction. It is subject to the same objections as the batten
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seam construction described for V-bottom craft (batten seam
construction, page 41), with the additional drawback of having
to pad the steam-bent frames between the battens. These make
it unsuitable for amateur construction in most cases. Its advan-
tages and uses are those of the same method applied to V-bottoms,
already mentioned. Strip planking is made up of narrow strips,
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15. Types of Diagonal Planking

edge nailed. It is relatively easy to do, as far as fitting is con-
cerned, but is somewhat laborious in fastening. A strong but
heavy method of planking, it is well suited to amateur building.
Small craft having the dinghy section are sometimes carvel
planked and then canvas covered; this method is also suited to
amateur building, but is limited to canoes and the smaller class
of dinghies. All of these planking methods will be explained in a
later chapter. The dinghy-section round-bottom hull is easiest
to build when it is not wide in proportion to its length. It is a

pretty general rule that all wide hulls are much more difficult to
build than narrow ones.
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SanmNG QuaLities o U-SectioN. The sailing qualities of this
section are usually excellent and so it is commonly used for small
racing craft, either centerboagq or fin lgeel. In Europe it has b_een
used successfully in small auxiliary cruisers. With proper design,
it has been used in large sailing craft having centerboards.
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16. Common Types of Planking and Methods of Fasteming Used
for Each

U-Section For Powersoats. For power craft, the section is
also a very good one. It is used in most round-bottom powerboats,
either launches or cruisers. Generally the hull has a skeg or fin
keel aft to protect the propeller and rudder, and to help in steer-
ing. It is suited to low- and medium-speed motorboats. When
long and rather narrow, this hull form will drive easily with low
power. In recent years boats have been built with the dinghy
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form forward and chines aft for hi h-speed work in rough water.
This form is not easy to build and, like most high-speed hull forms,
is unsuited *o amateur building.

V-SectioN. The next form of hull, the V-section, partakes of
the V-bottom; it is really a V-bottom with round bilges. It usually
has reverse curves in the aftersections, Primarily 1t is a sailing
hull, but it is so used in a modified form in seagoing powerboats
and in tugs. In the small sizes it is usually seen in sailing cruisers,
keel or centerboard, having all or most of their ballast inside.
For this reason, it is generally more heavily built than the dinghy-
section hull. In sailing craft this form of hull requires ballast, the
amount usually depending upon the relation o? depth to beam.,
It is usually easy to frame, only a little more difficult than the
dinghy form. It is also rather easily planked, though if full ended
or wide this is not true. The greatest trouble is usually aft, in the
run, where there is often 2 good deal of twist in the bottom plank-
ing. It may be planked lz:ip-strake, carvel, or strip. Neither batten
seam construction nor diagonal planking is suited to the usual
design for this form of hull. Diagonal planking can be used, how-
ever, if there are no reverse curves in the aftersections. It makes
an excellent sailing hull for rough water and was much used,
therefore, in small fishing craft having sail, with or without cen-
terboard. It is suited to low-speed power craft only.

Y-Secrion. The third form of hull belonging to the round-
bottom model may be described as having a Y-section, shaped
something like a wineglass. This is the popular form for the more
expensive sailing cruisers and racers having all, or practically all,
of their ballast outside. The keel is usually very wide and heavy.
It may be safely said that most designs having this midsection are
unsuited to amateur construction, not necessarily because the
hull form is difficult to frame or plank but because of the massive
keel and ballast casting. Some designs are easily framed and
planked, but as a rule boats having this section are harder to frame
and plank than those having the dinghy or V-section. Hulls hav-
ing the Y-section are usually carvel planked, though in some cases
strip planking could be used. Expensive racers are often double
planked, but this requires greater accuracy in planking than most
amateurs are likely to possess. The hulls having the Y-section are

not suited to much speed under power, so this hull form is not
used in motorboats.
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Harp 10 BUiLp FEATURES. The for.eg_oing classification of_ the
round-bottom model is somewhat arbltr_ar_){, for there are designs
that do not fall into such clear-cut divisions of hull form. In
order to help the amateur choose a design for a round-bottom
model, the portions of a design that are hard to .bulld, ?md which
therefore decide its suitability for home buﬂdl_ng, will be out-
lined. As has been mentioned, the fhpghy section, when given
great beam, is difficult to plank. .ThlS is generally true of the V-
and Y-sections also. If the boat is full on deck forvyard and fine
on the water line, having great flare ou_tward to the sides forward,
she will be difficult to plank. If there is a sharp reverse curve aft,
she will require careful spacing of the strakes. Fullness in the fore-
foot or in the stern near the lower part of the_stempost _w1ll make
a trying job of planking. Very sharp curves in the sections, such
as those at the bilge, often give t;ouble too. The oval stern, or
elliptical transom, 1s much more difficult to shape and ﬁmsl} thgn
the transom having angular corners at the deck or sheer'lme, in
plan view. The transom having curves across its face is more
difficult to frame and plank than one that is flat. When the rabbets
of the stem and sternposts are well curved, thg ends of the plank-
ing resting in them (called “hood ends” by builders) are long and
sharply pointed; they are usually very difficult to _ﬁt. -

Framing. Framing the round-bottom model is an important
factor in ease of building. Some types that are planked diagonally
or with strips require no frames, or at least very few. Framing
is done, with other types of planking, in two ways: steam-bent
or sawn to shape. The former is used in nearly all small craft of
the round-bottom model. In light boats the steam-bent frames are
small and closely spaced. In larger craft the frames become wide
and thick, the spacing greater. Sawn frames are usually made up
of two layers, with the butts staggered to obtain strength. They
are heavier, but stiffer, than steam-bent frames. If mgde of natural
crooks or knees, the sawn frame is very strong; in such cases
it is not necessary to double the frames except where the joints,
or butts, come. _

Bent Frames. Steam-bent framing requires .molds to be set
up and ribbanded off before framing. Boats having sharp curves
in the sections, reverse curves, curves near to the keel rabbet,
or rounded-in sheers (streamlining), are difficult to framp. If
the frames are of large section or are bent on edge they will be
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17. Types of Framing

difficult to bend. If the frames must be of large section, then they
ought to be wide and rather thin, instead of square, and bent on
the flat (wide face to the planking and ribbands), to be suitable
for amateur builders. In some localities it is either very difficult
or impossible to get timber that can be steam bent.

SAwN FRAMES. Sawn frames must be all laid down in the mold
loft and patterns made; the bevels must be taken from the mold
loft dra}wmg. It takes much longer to frame with sawn timbers
than w1th bgnt ones. However, it is not necessary to set up molds
when building with sawn frames and it is much easier for the
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puilder to check his work against the “lines” plan. The builder
is more likely to have a boat exactly like the “lines” with sawn
frames than with steam-bent frames. Hard curves in the sections
are less troublesome to the builder with this mode of framing. If
the frames are of thick timber, a power band saw with tilting
frame or table is almost a necessity. In fact, to saw frames out by
hand, even for a small boat, is a laborious task, added to which
the bevels have to be cut on the face of the frames. Therefore,
unless the frames required are few in number, sawn frames are
not suited for most amateur-built round-bottom boats.

Heavy Keels and Outside Ballast

Heavy timbers cannot be easily worked by hand. Much of the
shaping of the wide, deep keels, required in most outside ballasted
hulls, must be done with power tools or with the adz, a highly
dangerous instrument in unskilled hands. Then, too, the ballast
casting is a difficult problem. If the ballast is of iron, and if the
casting has curved sections (as is so often the case in modern
yachts), an accurate pattern must be made, allowing for shrink-
age. Arrangements for fastening the ballast casting to the keel
must also be properly made on the pattern. This is beyond the
skill and knowledge of most amateur builders. If the work is hired
out, it is quite expensive. If the ballast casting is of lead and not
too massive, the amateur builder may be able to cast it in his
shop. Shrinkage is a matter of small importance in lead castings
of the size an amateur is likely to undertake, so no allowance need
be made on that score. It is also possible to make the pattern and
mold without having great skill. Lead can be drilled and planed
with hand tools, so the fastenings can be bored when the casting
is completed. This is a decided advantage il building. Two men
can cast a lead keel of 1,500 pounds without great difficulty if
they make proper preparations. Smaller lead keels can be cast
more easily, of course. The design having the ballast keel angular
in section (straight sided and flat on top and bottom) is most
suited to amateur construction. In spite of the greater cost of
lead, compared to iron, the builder will usually find that the sav-
ing in pattern cost, foundry work, and transportation made pos-
sible by casting the lead ballast keel himself will more than make
up the difference. If the keel casting is too heavy to be handled
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by two men, it should be cast alongside the stocks and secured tq
the keel before the latter is placed on the stocks. Inside ballast is
no problem, of course, but cannot be used in all designs of round-
bottom hulls.

Expensive Materials

In selecting a design from which to build, the beginner should
avoid those requiring expensive materials. Mistakes in work-
manship are hard to avoid and the loss in spoiled material ma
run to a large amount of money. Racing craft, except the few
classes that were designed primarily for amateur building, should
never be attempted by the beginner. He would be wise to try a
simple design, flat- or V-bottom, for his first attempt.

Source of Plans and Cost

The model having been chosen and the size, rig, type, and
accommodation decided, plans must be obtained. It will be very
helpful to have the advice of some other builder in this matter,
Plans may be obtained by ordering them from the professional
designers whose advertisements may be found in yachting maga-
zines. Or, if the proper plan can be found, it may be possible to
use the “how-to-build” articles in yachting and mechanics’ maga-
zines, hobby magazines, or books. Those in the achting papers
and books are usually the better designed since the editors know
they will be criticized by experienced yachtsmen as well as by
professional designers. Unfortunately, many plans used in me-
chanical and hobby magazine articles are not the work of experi-
enced or professional boat designers. For this reason, advice is
very helpf{;l when choosing from such sources. If plans are chosen
from a published source, magazine or book, the cost is very low.
If a designer is required, the cost will be a good deal greater, There
is no fixed scale of fees for boat designing. This is particularly
true where very cheap or small boats are concerned. Large yachts
are designed on a percentage basis, just as houses are. This per-
centage is usually from 6 per cent to 10 per cent of the estimated
building cost taken for an average building yard. In most offices
having a staff of draftsmen a minimum fee is established, usually
between fifty and one hundred dollars. This is applied to all de-
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IR ich the percentage would run under the established
mgnsinimlgn‘lv l\l;;ﬁen thg design 1% of a boat estimated to cost over the
minimum; the exact percentage w.ill vary with t}!e type, size, and

commodation. In other words, if a small boat is demg_ned, hav-
in a complicated arrangement, the design fee may be higher than
lft:yr a larger boat having a simple arrangement. If inspection, or
inspection and supervision, is desired, the fee usually reaches 10

PCI’ cent, or even more.

Stock Plans

designers have “stock” plans; these are plans on hand that
thf; r»r\,r(i:ll sellg?or alow price. Tl?e§e have usually been made to fill
a demand for a special type and size, or are old designs that have
become more or less obsolete. Very often thes.e plans are e{{celler}t
and tested designs. However, there is one disadvantage in thep‘
use: they cannot be altered in any respect except at an addi-
tional cost. If changes are wanted it is wise to have a special de-
sign made rather than to ask a designer to make changes in a stock
plan. Since the prices of stock plans are usually low, the designer
cannot give much time to advice and assistance. If an amateur
wishes to build a boat which will require professional advice from
the designer, he would do well to have a special design drawn
for his particular needs. Some designers do not have stock plans
—very few, indeed, have catalogues of available designs—so-it is
very necessary that inquiries from amateur builders be very com-
plete as to requirements.

Choice of Designer

Choosing the designer is an important matter. It is not difficult
for the amateur builder to find examples of the work of the de-
signers listed in the advertising sections of yachting magazines.

e may be able to see finished boats in his vicinity, or at least can
find examples of designs in the “Design” section of the magazine
or in articles. Then, too, there are a number of bqolfs showmg
plans of various types of boats and yachts by specialists in each
type. Some designers specialize in small craft, some in large, or in
racing boats, or cruisers, or powerboats—wherever their per-
sonal interest is greatest. Not all designers are interested in the
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types of craft suitable for amateur construction. The choice of
designer is best made by finding one who specializes in the de-
sired type and who has some interest in amateur problems. An
experienced designer may refuse to design a boat of a given
type or appearance because he is not interested in it or has ob-
jections to it; in that case he will state his reasons or refer the in-
quirer to a specialist in the type desired.

Ordering Plans

When the designers specializing in a given type are discovered,
the amateur builder can write them for quotations on the design
of the boat to be built. It is highly important that the designers
be given all the pertinent information possible: general dimen-
sions, type, rig, engine, accommodations, and the fact that the
boat is to be amateur built. Also a sketch should be given of the
cabin arrangement or of the general appearance desired. It is a
good idea to give some information on the timber available in
the district in which she will be built. Do not ask for just “plans
of 2 30-foot yawl”; tell exactly what you require, It is sometimes
helpful to send the designers photos, or clippings of a plan pub-
lished in some magazine, showing a boat approximately like the
one wanted. Sometimes it may be desirable to have the designers
submit sketches of their ideas; for sketches there is usually a small
charge, but they are only necessary when large boats are being
discussed or when there is doubt as to the proper arrangement of
accommodations. Ordinarily sketches are not required if the in-
quirer is specific in his request for a quotation. Some of the de-
signers approached may refuse to design the boat according to
the exact requests of the amateur and will state reasons. These
should be carefully considered as designers can make a more ac-
curate study of a proposed boat than is possible by an amateur
builder. While it is possible that there is a misunderstanding of
requirements or prejudice on the part of the designer, it is likely
that any objections he may raise are founded on practical con-
siderations. When the quotations are received and the correspond-
ence compared, a choice of designer can be made and the plans
ordered. If the design is to be a new one, remember that the de-
signer will require time to make the drawings; also it may be
necessary to have some correspondence in regard to possible
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changes as the plans progress. It is very important that the plans
be final, that no changes in shape, dimensions, rig, or accommo-
dations be considered after the plans are once finished.

The Lines

‘When the blueprints of the design arrive, it will be found that
they are made up of a number of sheets or plans, unless the boat
is a very small and simple one. One of the plans will be the “lines.”
This shows the shape of the boat. In it are three elevations or
views: the profile or sheer plan (or view), showing the appear-
ance of the hull seen broadside on; the half-breadth plan, showing
one half the hull seen from above; and the'body plan, showing the
transverse or cross sections of one half the hull. Only half of the
hull is shown because both sides are alike in shape and dimensions.

Frat-BorroM Lings. If the boat is a flat-bottom model, the
lines show the profile of the top of the hull or “sheer” line, the
profile of the bottom or “chine” line, and the profile shape of
both bow and stern in the sheer plan. The half-breadth Elan shows
the same, viewed from above, giving the outline of the deck or
sheer line and of the bottom or chine line as seen from this point
of vantage. The half-breadth plan will also show the half-thickness
of the stem (and sternpost i? sharp sterned) and the half-width
of the transom at top and bottom. If there is a keel or skeg, its
outline is shown in the sheer plan and its half-breadth in the half-
breadth plan. The body plan shows sections taken at selected
points indicated in the other two views, and the end-on shape of
bow and stern; usually the half-breadth of the skeg or fin is again
shown. The positions of the masts and deck structures are usually
drawn in the lines and there are dimensions given for placing sec-
tions, and for profile of stem and stern, that will be required to
make the full-sized drawings necessary for building. (Plate 1.)

V-Borrom Lings. If the hull is V-bottom, the lines will show
the same things as in the case of the flat-bottom boat, with the
addition of the profile and half-breadths of the keel, at its bot-
tom and where it meets the bottom plank (rabbet line). The sec-
tions in the body plan will show the amount of vee or dead rise in
the bottom, of course. (Plate 2.)

Rounp-Borrom Lings. If the hull is round-bottom, there are a
number of additional lines, or longitudinal sections, required. In
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the sheer plan the profile not only shows the sheer line, rabbet
line, and profile of bow and stern, but also a number of straight
lines parallel to the load water line, or to an arbitrary base line;
these are the location or heights at which the longitudinal sec-
tions, called “water lines,” will be taken. On the profile will be
seen long curves marked “buttocks”; these are the outlines of a
number of equally spaced longitudinal sections, taken through
the hull vertically and parallel to the center line of the hull. The
half-breadth plan shows the outline of the water lines, shown as
straight lines in the sheer plan; while the buttocks are shown as
straight lines in the half-breadth plan, parallel to the center line,
they are shown as curved lines in the sheer plan. The half-breadth
plan will show the half-width of the rabbet along the keel and
stem and sternpost; sometimes the half-width of the bottom of
the keel and the face of the stem and sternposts are also shown.
The body plan shows the cross sections located by vertical
straight lines on the other two views. These are crossed by hori-
zontal straight lines, representing the straight lines called water
lines in the sheer plan and the curved water lines in the half-
breadth plan. There are also vertical straight lines crossing the
body plan sections; these are the buttocks, shown as curves in the
sheer plan and as straight lines in the half-breadth plan. The end-on
clevation of the rabbet line, along the kee] and up both stem and
sternpost, will also be shown, and the same view of the bottom
of the keel and the face of the stem and sternpost may be shown.
Across the sections in the body plan are some sloping straight lines,
meeting and crossing in the center line of the plan. It will be noted
that each pair has its outer ends at the same height from the nearest
water line or from the base line and out the same distance from the
center line. These are the “diagonals”; their projection through
the hull longitudinally is represented by a number of long sweeps
or curves superimposed on the half-breadth plan, or opposite to
its center line. The })rojection of all of these sections is required
to fair the shape of the boat; fairing means to develop curves
around which a batten, plank, or steam-bent frame can be bent
without breaking or having humps and waves. The whole of
the lines for a round-bottom hull should be drawn full size and
checked before building, as will be described later. (Plate 3.)
WaaTr LiNes RePRESENT. It is important that the builder be
able to visualize the lines in the plan as the completed boat. To do
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PLATE 4. Offsets for a 24-Foot Hampden Boat

this, it is necessary to know what water lines, buttocks, diagonals,
. - . 1
and sections really indicate as to the shape of the boat. Suppose 3’“ Alele bbbl LI RLLLL ;
a solid wax model of the boat is at hand, made to the same scale as Ad ° s
the drawing of the lines. If this model is split lengthwise, two half- L R R R T N
A . S (xR [ 1o [ o o[ IR A e G I
models result. Take one of these, whose bow and stern will coin- |% sfsfolalaislelels|sfsfo]s[s]s
cide with those drawn when laid on the lines. This is the half- SNEEBNNNARRA AN NN
model that the lines must show in such a manner that any section B RV e b R N Y N R R NS
. . A ™~ |~ ~| ~ps [\
can be projected and enlarged to full size. When the half-model N
. N . . . . . e N "‘h.?\.“:‘? II\n m [t [
is laid on the lines so that its flat back coincides with the sheer plan, U A A B G A N Yy
. . . . I mno ‘ ARINR el
it will be obvious that the sheer line and the rest of the profile of . SR =
the model will coincide with the drawing. Now cut the model in L3+ eR] RRIERRRISSREERE
. . . g . . . . b e o B I N N
parallel slices coinciding with the straight water lines in the sheer A e T A Y Y Y e Y
plan and perpendicular to the flat back. The outlines of these R b Ul e e Y R b
. . A . . . . . Ll et Tt wid)a W OYRYLY
slices will coincide with their respective water lines when laid on R NN AN AN LRlRRRNRRE
the half-breadth plan. If cut transversely in the same manner, co- § M NNARERRAARN AN
inciding with the vertical section lines in the sheer plan, each sec- R R MR E R NN AANRRNNN
R . . Y A 51 Y T Lt S G R IS R R
tion in the body plan will be duplicated. If cut longitudinally to § 8 AN S
. . . - £ ~ v ™~ h
coincide with the buttock lines shown on body and half-breadth RN SRR SR R RIS
plans, the sections obtained are those shown in the sheer plan. B Jf’ I T T ] A TR RS
In the same manner the shape of the diagonals can be verified. It « SRR okl [ lefamsiniainisielo [
. . s . S VRIS SR [T SRR AT NS SN T
can be seen that there is a definite relation between each section L R S A R A N A
cut and the shape of the hull. The use of the various sections ob- AN S NNAN AN ARARAN Jol
tained in the lines will be explained when the making of full-sized S AR AN R AN RRER
. . . o UM IR GRS LS N[
drawings is discussed. N
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Attached to the lines, or on a separate sheet, will be found i S R N N B
a Table of Offsets. (Plate 4.) These are the necessary dimen- 1S | 0 B il s (O] [ [l | [0 o
: I . &‘hhu\t.’o‘fbé'-\m|;\'§é&§ o [}
sions to make the full-sized drawing and to reproduce each sec- R YN R R DY N A R
tion or line shown in the “lines” plan. It will be noticed that the v SN
- . . i D[Nl B[ ol feh Mo
height and breadth of each water line and buttock, the sheer line, O N e e R T R R R U E o
. N . . . Y Qfmim LIS
rabbet, and every other curved line are given with the dimension R ANARY Q:«\ e
taken from base and center line opposite the proper line name and b ti".‘*}é LSRR Ay Ry S
under the number of each station, or section, number. The dimen- “ DR IOINIn S SHHIL SISO
sions are given in feet, inches, and eighths; thus: 7—6-3, meaning 1 RRRRERREN LR R
. . . QR [RI T III SIS L[ IRRHS
7 feet 6% inches. Sometimes the signs 4 and — are placed after L;: M RN SR SRV
the dimensions; this merely means the dimension is either full or Sl [isksoinimlnl wwn|s
scant by %6 or %32 of an inch. Some designers show all the dimen- E:; e SIS RIRIRS
sions required to lay the boat down full size on the offset table; ERRSIE [ RREERRN
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others put dimensions on both the lines and offsets, so that both
are required in making the full-sized drawings. There are many
methods of showing the dimensions of the bow and stern. If sim-
ple in detail, dimensions are commonly used, but if there is decora-
tion or other complications the stem and stern may be shown in
the offset plan, superimposed over a series of squares for which
dimensions are given. By this means enlarging to full size can be
easily and accurately done (see Plate 2).

Construction Plan

There will be a “construction plan” in the set of blueprints
(Plates § and 6); this usually shows an inboard profile made
as though the hull were split lengthwise. By this means a true pro-
jection can be made of the appearance of the hull frame. Here you
will see the shape of the pieces of timber making up the keel, dead-
wood, and stem and sternpost. The location of the bilge stringers
and other longitudinal members is shown. The position of the deck
framing can be seen. It is usual to show the mast positions, shape
of the steps, height of cabin trunk, cabin and cockpit floor, pro-
peller shaft position and dimensions, engine beds, and the other
structural members required by the designer. On the same plan
will be a midsection, showing a cross section or “typical construc-
tion section.” Here will usually be given the timber sizes and other
building specifications not given elsewhere. The third elevation is
a plan view of half the deck framing where dimensions and tim-
ber sizes required are given so that an accurate deck arrangement
can be laid out. It is general practice to omit some dimensions on
the construction plan; there£re the builder will have to scale the
size of many members (particularly in the deadwood and ends of
the hull) from the blueprint. On this plan the keel, stem and stern,
and all deadwood members, the profile of cabin trunk and the

roof framing, and the whole of the deck framing shown in the
plan view, must later be drawn full size.

Joiner, or Cabin, Plans

If the boat has a cabin there will be a plan similar to the con-
struction plan which shows two or three views of the cabin ar-
rangement. This plan has an inboard elevation showing one side
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of the cabin furniture, with some important dimensions. The fpl:m
view shows the whole cabin arrangement when viewed from
above; it is usual to show both sides of the boat in this since the
two sides of a boat’s cabin may not be alike. Additional dimen-
sions are usually shown here. There may also be a section or two
showing the important details in the cross sections of the cabin.
If the boat is large, or has a good deal of cabin furniture, there
may be a separate plan showing a number of sections. These one
or two drawings are usually referred to as “joiner plans.” Both the
construction and joiner plans are, to some extent, merely pictures
with only the important dimensions given,; the less important must
be scaled from the blueprints.

Sail Plan or Outboard Profile

If the boat has spars and sails, there will be a “sail plan” (Plates
7 and 8), showing shape and dimensions of the sails, spar dimen-
sions, and details of the rigging. This plan also gives a picture
of the outboard appearance of the hull. If the design is for a
motorboat, there is an outboard profile instead of a sail plan, serv-
ing the same purpose. Occasionally there may be separate detail
drawings, or some may be included in the construction, joiner,
and sail plans. Equipment (such as deck and cabin fittings) and all
important hardware are listed on the construction and joiner
plans. Common practice is to give some maker’s or dealer’s name
and his catalogue number; it should be understood that this is
generally for guidance to type and size in purchasing and that
similar equipment and hardware from other catalogues will serve.

Specifications

In small craft there are usually no specifications, as these are
made a part of the plans. In large boats and most cabin craft addi-
tional information to the plans may be needed. The designer may
therefore furnish a number of typewritten or blueprinted pages,
usually in pamphlet form. These contain all the necessary in?or-
mation to supplement the plans. The kind and size of timber to be
used in each part of the boat, fastenings, method of building,
hardware, fittings, plumbing, engine installation, painting, and
other information are found in the specifications.
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Details

When the plans are studied, some details may appear to be
missing. In this case read all the notes on the plans carefully and
then turn to the specifications. The missing details may be re-
ferred to there. If not found, the builder can write to the designer
for instructions. The amount of detail shown on plans varies with
the designers. Very often the detail of construction not shown
on 2 plan is a matter of common building practice and the de-
signer feels he need not bother to show it. If he is asked to furnish
detail drawings there will be a charge for them. In most boats a
completely detailed set of plans would be unnecessarily expen-
sive. Perhaps the best attitude the builder can take in regard to
the plans is that what is shown is important and should be fol-
lowed; what is not shown is not important and the builder can
therefore do it as he thinks best. Timber sizes noted on the plans

are usually dimensions of the lumber before being finished, unless
marked “f” (finished size).

Lumber List

Few designers will attempt to furnish a list of lumber required;
this must be taken from the blueprints by the builder. The way
to do this is to pick out each piece in the deadwood, for example,
and scale its dimensions. Then note its greatest thickness. Allow a
little margin for shaping all around. When all the pieces are listed,
go over them and rearrange them so that all pieces of the same
width and thickness are together. Do this for all timber required.
For planking and framing it is usual to add from 10 per cent to
20 per cent for loss through breakage or waste. Now the list
should be converted to commercial sizes of timber. All timber is
sold by the board foot, 1”” x 12” x 12”; in most sections of the
country there are standard sizes of commercial stock. The com-
mon lengths are 10-12-14—16-18-20~22-24 feet. The standard
widths and thicknesses are 1” x 27, 1”7 x 4”, 1”7 x 6", 1” x 8",
1”x IO”, 1” x 12", 2”x 4//’ 2”x 6”, 2" x 8”, 2”x Io”’ 2" x 12", 2”x
1411’ 2" x 16”, 311 X 6”, 3u X 8”, 3” X IO”, 3” X 12”’ 3” X 14”, 3” X
16”, 4” X 4//, 4// X 6”, 4” X 8”, 6” x 6”, 6” x 8”, 6” x IO", 6” x Iz/l’
8”x8”, 10” x 107, 10” X 12”, 12" X 12”, 12” X 14”. Some lumber
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dealers will furnish out-sizes, such as 2" x 2”, 3” x 3", 2” x 3", and
others, at no additional cost; but in most cases an order for a lot of
2” x 2" ’s will require sawing from 2” x 6”” ’s. The reason 2” x 2" ’s
cannot be made by ripping 2 x 4” ’s is that the actual dimensions
of commercial standard stock is under the sizes given; take a 2" x

8”, 14 feet long, as an example; it would actually be about 1%” x

3" lingde o 3" Chook Blost
Alanite
Linght

77" and about 13’-11” long. Due to checks in the ends of tim- B N
ber it is well to consider a 14’—0” piece as actually being 13’—6". T é e 5 '
If greater lengths are required than 24 a premium will usually be 5 E $ %; : Vé .
Pald. E?’ s & S C L Za
The cost of sawing and the waste will be figured in when the N

dealer makes up timber not of standard sizes. Occasionally the
“standard” sizes vary somewhat from those given, but this 1s un-
usual. Now, by going over the list of timber sizes required for
the boat and adding those of the same width and thickness, it is C

ossible to find out how many lengths of commercial stock will
ge required. By comparing thickness and widths of the required
lumber with the stock sizes it is possible to select the praperly
dimensioned commercial stock. The cost of lumber is usually
given “per thousand board feet.” When the unit price is known,
1t is possible to estimate the cost of the lumber to be ordered
from the completed list. If it is desired to have any of the stock
reduced to some odd thickness or width, the cost of such work
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will have to be added to the cost of the lumber. Most dealers §§§ Ny

have mills for this purpose and will give an estimate. Order tim- 2o} $ ;\ i3

ber by commercial standard size, whenever possible, and be sure §§§ . é s {g&y

to state the kind of timber required. Excepting pine, spruce, and ;5 g"\e E

cypress, it is usually cheaper to order random widths, whenever NN 818 s

possible, than specified widths. ;‘}E % o
Grading of lumber varies a good deal with the timber and lo- ;;f é g P

cation; the highest grade (“clear of knots on one side and free of i T e 3

rot, shakes, or checks, and other faults on the other side”) should ; 3 o {

be ordered for all hardwood material such as oak, maple, and ma-
hogany. This grade is called “Firsts” in the lumber trade, and the
next grade “Seconds.” Stock for steam-bent frames should be
specially listed and the dealers informed of the purpose for which
it is to be used. It should be “Firsts” and should be of young tim-
ber, not dried. Old, large oak trees will not do for bent timbers.
All softwood timber should be “Select.” This is subdivided into
A, B, C, and D. Select A and B are suited for “bright” or natural
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finish while C and D are suited for paint finish. The Select grade,
when bought in plank, is called “Number One” grade.

Planking for hulls may be bought in some varieties of lumber
“flitch sawn,” which means that each plank has bark on its edges
so that the builder may get the greatest benefit from the shape of
the tree. Cedar is commonly sold this way. If possible, the builder
should see the lumber stock of the dealer before ordering. Deck-
ing, when painted or finished bright, should be ordered “quarter-
sawn.” If the dealer specializes in boatbuilding timber the deck-
ing should be ordered to finish size. Steam-bent frames should
likewise be ordered to finish size and at least 2 feet longer than the
maximum length required in the hull. Air-dried stock is the best
for boatbuilding timber, but is almost impossible to obtain in most
sections of the country. For this reason kiln-dried stock must be
accepted. Some woods, such as teak, should not be too dry when
used for planking. White cedar, white pine, and longleaf yellow
pine are considered the best lanking from among our native
timbers; loblolly (Virginia or };\Yorth Carolina) pine is also used
to some extent. Cedar and white pine are the easiest to work.
Longleaf yellow pine may be used for keels, deadwood, stem and
sternposts, stringers, and clamps, in place of white oak. Steam-
bent frames can be made of rock elm instead of white oak. Fir
and spruce are sometimes used in hull construction, for plank
and framing (not steam bent), but are short lived compared to
the others mentioned; they are suited, however, to spar building.

Hardware List

When the lumber has been ordered, the hardware and fittin
must be listed, checked against marine hardware dealers’ cata-
logues, and ordered. The tgastenings should be roughly estimated
and ordered. There is no ready rule for estimating quantities of
fastenings, but an estimate can usually be made g‘om the blue-
prints, allowing at least three fastenings per plank per frame. Keel
fastenings average about two per frame, frame fastenings (to
keel, floors, and to longitudinal members) about twelve per
frame. Materials and fastenings will be dealt with in later chap-
ters. When ordering deck and cabin fittings be sure to order tlge
required number, size, and type of fastening for each item. Sails,
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rigging, and motor can also be ordered prior to building if de-
d.

sire
Before starting to work on the boat, the builder should take

time to study the plans carefully. It would be well to try to find
out what steps will be required to build the boat in the easiest
way, to decide what the best sequence of jobs seems to be, and
to see that the plans are fully understood.

Selecting Place in Which to Build

‘While this study is being made, a place in which to build must
be found. To the average city man this is a great problem. Ga-
rages are often used, or sometimes space may be rented in an old
warehouse or loft. If a building is to be used, it is very important
that definite plans and measurements be made so that it is certain
that the finished boat can be removed without tearing apart the
building. This has been a standing joke among amateur builders
for years, but is often overlooked in spite of that. If the boat is to
be built in the winter, then heating must be considered. No man
can work well, or be accurate, when he is physically uncom-
fortable. If no building is available and the boat is to be con-
structed in the open, then she must be built in warm weather.
Obviously, the space in which the boat is to be built must be
suitable Z;r the size of hull chosen. No guide can be given that
covers all eventualities, but if possible the building space should
be 1% times the over-all length of the hull, 4 times the beam, and
1% the height, keel bottom to cabin roof top. The boat should
not be built close to any wall or obstruction that will prevent the
builder from handling timber easily or from being able to stand
back and look at his work. There must be space for tool and ma-
terial storage, room for a workbench and for the usual visitors.
A floor or bench suitable for the full-sized drawings must be
provided for. In any case, the full-sized plan should be in exist-
ence the whole time the boat is building so that the drawing can
be referred to.

Making the full-sized plans is the next step.



CHAPTER TWO

LOFTING

Reason for Lofting

OFTING the plans, that is, drawing them full size, is the
l foundation of good workmanship in building a boat. Be-
cause this is usually a tedious task and because the builder
is impatient to see the hull take shape, lofting is often scamped,
even by professional builders who know better. Making the full-
sized drawings avoids much “trying and fitting,” which repre-
sents a great saving in time and labor. In the lo?ting of the plans
the builder has an opportunity to preview the details of building
before setting up the hull and this aids greatly in planning the re-
quired sequence of operations. Too often only the lines of the
boat are “laid down” full size; this enables the molds and back-
bone to be shaped according to the design, it is true, but leaves
much timber to be shaped by trial and error when actual con-
struction starts. By lofting part of the construction and joiner
plans as well as the lines, this can be avoided. Mistakes made in
the full-sized plan can be easily corrected, which is not true of
the full-sized hull; very often what appeared to be a serious prob-
lem when studying the plans becomes self-explanatory when
drawn full size. Sometimes errors are found in the plans, design-
ers being human, and lofting will expose and correct them. While
making the full-sized plans, the builder should build the boat
mentally, to get the full advantage of the operation. Plenty of
time must be allowed for the task and it should be borne in mind
that there was never a boat built in which too much lofting had
been done.

Lofting Space

In order to make the full-sized plans, a mold loft must be pro-
vided. For a small boat, a large piece of paper or cheap plywood
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will serve. If there is no room for the loft drawing in the work-
shop, it is possible to lay down the plans of a boat up to 45 feet
Jong on paper and so preserve the plan for reference. Under such
conditions, paper may be joined in order to get sufficient size.
Usually it is possible to make such a plan in some attic or other
place where it is possible to lay down the whole roll or sheet.
Sometimes, when space is lacking, the plan must be made in two
or even three sections; but this is not recommended for a begin-
ner. In a well-equipped boatyard there is 2 “mold loft,” a shed
or floor giving enough space for making full-sized plans. Here
it is customary to make the drawing on the floor, in pencil and
colored crayons; the floor is sanded smooth, or sanded and
painted flat gray, or white. This is the most satisfactory method.
Therefore, if there is space, the amateur builder should build a
temporary loft, even if it must be outside the shop. Such a _ﬁoor
may be constructed by joining sheets of plywood or by laying a
cheap but smooth floor on bearers or sawhorses. The floor should
not only be smooth, but should also be flat, without humps.or
ridges. In picking up patterns it is desirable to be able to drive
nails into the drawing on the floor. If paper must be used, heavy,
rosin-sized building paper will serve, though it will be difficult
to avoid tearing it. Do not use cheap wrapping paper, since it
stretches with dampness, is easily torn, and is not a good working
surface. The thick paper will give enough strength to permit
drawing of lines while the paper lies on a rather irregular surface,
such as most attic floors. It is possible to make the loft drawing
on paper using an apartment floor, but this makes picking up
patterns somewhat troublesome (unless you wish to break a
lease).

The amount of space to lay down a boat properly, in one
section, is easily decided. There should be sufficient length to
permit the battens, used to fair in the profile and half-breadth
plans, to extend from 3 to 6 feet beyond the bow and stern. In
other words, a boat 24 feet long would require a lofting space
about 30 feet long. As to width, the space required is about one
and a half times the depth from base to highest point on the cabin
roof or sheer, or one and a half times the beam, whichever is the
greatest. To lay down a boat in two sections requires a loft length
equal to half the length of the hull plus the spacing of two sec-
tions shown on the lines drawing plus 4 to 6 feet. Thus, a 24-foot
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hull having stations or sections spaced 2 feet would require a loft
length of 12 plus 4 plus 4, or 20 feet. The extra length, in each
case, is desirable so that the curves formed by the battens can be
continued beyond the ends of the hull in order that they may be
fair and without flat or straight “spots.” The width of the loft
space is fixed by the room required for profile or half-breadth,
whichever is largest, because these views are superimposed.
Enough additional space for the battens, used in the body plan
(also superimposed on the profile), to lay fair is required. Of
course there must also be enough room to work around the plan
on the floor. If paper is used for lofting it need only be large
enough to contain the actual drawing, but the same amount of
working space is required as for lofting on a floor.
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Battens

Battens must now be prepared. These are long, narrow strips
of wood used to guide the drawing of curved lines on the floor
or paper. They should be made of clear white pine if possible,
though any flexible wood will do. The edges of the batten must
be straight and smooth. A number of battens are required—say,
three long and three short ones. One, to be used for the sheer
line and other long, gentle curves, should be quite stiff, about
1% inch or 3 inch by 1% inches or 2 inches, to be bent with the
wide side on the floor, and 3 or 4 feet longer than the boat. Another
batten of the same length, about % inch by 1 or 1% inches at the
middle, tapered to % inch by 3; or 1 inch at the ends (with all
the taper taken on one edge), can be used for water lines, but-
tocks, and diagonals. A third long batten is useful; this should be
about % inch square, 3% inch for a small boat (under 16 feet in
length). These battens may have to be spliced and this should
be done near the middle of the length. A scarf must be used, fas-
tened with glue, rivets, or screws; it should be between 14 and
24 inches long, well secured.

Short battens will be required for drawing the body plan of a
round-bottom hull; these should be a couple of feet longer than
the girth of any half-section shown in the body plans. They
should be between % and % inch square. One should be tapered
at each end, by % inch, and another should be reduced toward its
middle. The third should be parallel sided. For dinghies and
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Tools

For marking the floor or paper, the ordinary
cil, hard lead, sharpened to a chisel point, is best. Colored pencils
or crayons (hard) can be used to advantage, as the colors will
serve to identify certain lines on the loft plan. The only other
tools required are a stee] Square 16 by 24 inches (or a large
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wooden square may be made), a 6-foot rule, a compass or scribe,
chalk line and chalk, hammer, steel tape, wooden straightedie
(3 to 6 feet long), wire-cutting nippers or pliers, erasers, jack-
knife, and a sliding T bevel. A wooden mallet is useful in picking
up patterns. Have plenty of pencils and crayons at hand. If lay-
ing down the loft plan on paper, adhesive is necessary to join the
sheets together and to repair tears.

Plans

The plan to be laid down first is the lines. To do this, the off-
sets must be at hand, of course. As mentioned on page 6o, the
offsets give the measurements of the lines in feet, inches, and
eighths; thus: 6-8—4, or 6 feet, 8 inches and % inch.

Base Line and Stations

To start, strike a base line near one side of the floor or paper.
This is to be the base line shown in the profile (in the lines) or
may be the load water line, from whichever the heights in the
offsets are measured. It will also be used as the center line of the
half-breadth plan; so allow the necessary room. The line should
be struck with a chalk line if the boat is longer than any straight-
edge at hand. If there is any doubt about the use of the chalk
line, try this. Stretch a thin fish line berween nails just clear of the
floor or paper. Draw taut; make pencil marks directly under the
line, about 30 inches apart. Then draw a line with pencil and
straightedge from mark to mark. All lines should be sighted on
the floor as the eye will seek any irregularity in a line. Always
sight lines from both ends. The base line should be a couple of
feet longer than the hull to be laid down..A base line batten can
be used to advantage in setting off the offsets. This is a straight
strip of wood, about % inch by 2 inches, nailed to the floor below
the base line with the top edge coinciding with the base line.
This batten serves as a stop against which the end of the rule
may be jambed, with no danger of overrunning the base line with
the rule and so getting a short dimension. On the base line meas-
ure and set off the stations given in the lines and offsets; number
them according to the lines. With the square erect perpendicu-
lars at each station, taking care to be accurate. With the straight-



8o Boatbuilding

edge extend the perpendiculars far enough to exceed the greatest
measurement on the stations, either in the profile or half-breadth,

Water Lines in Profile

The water lines shown in the profile view of the lines must
now be drawn. Measure up the distance each is above the base
line (or above and below the load water line if that is used as the
base) on the end stations. These end stations are usually referred
to as the fore and after perpendiculars. When the heights of the
water lines are set off accurately, the lines are drawn in the same
manner as the base line.

Profile, Outline of Sheer

The next step is to lay down the profile view. Begin by setting
off the sheer line, bow to the same hand as in the lines plan; meas-
ure up the height on each station, as given in the offsets, from the
base line. At the proper dimension make a pencil mark and if
possible drive in a nail. Take the long sheer batten and lay it on
the floor against the nail, or mark, on the fore perpendicular, with
the ends of the batten extending beyond the fore perpendicular
a little less than at the after perpendicular. When the batten is
tight against the nail, or mark, on the fore perpendicular, drive
2 nail through the batten or against the back of it opposite the
nail in the fore perpendicular. This new nail is to hold the batten
in place. If nails cannot be used, put one of the holding weights
in its place. Now bend the batten along the line of nails, or marks,
representing the sheer heights, securing it with nails or weights
as it touches each station mark in turn. When the stern is reached,
it is probable that the batten will bend so stiffly that it will not
meet the station marks in one or two stations ahead of the stern.
Spring up the extending and free end of the batten until it does
meet the marks, and secure. Do the same at the bow. It is very
important that the free ends of the batten always be sprung and
secured so that it is possible to remove the holding weight or
nail at any one of the forward or after stations without the bat-
ten’s moving. With the batten secured, look along its length from
each end; if there are waves, humps, or dips, remove the nail or

weight at the place they occur and correct by allowing the batten
to spring a little.
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PLATE 12. Lofting a 17-foot Hampden Boat. First stage—setting off sheer in profile.
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Sometimes a mistake in the offsets will be found and it will
then be necessary to make a correction. If it is apparent that one
offset is wrong, let the batten pass through the points on all the
other stations fairly; the spot where it crosses the station, whose
offset is out, is the corrected height. If it is found that the batten
1s too stiff to stay in place while being bent, remove it and tr
another, or cut down the size of the one used., The batten can be
too limber, however, so care must be taken in choosing the right
one. If the batten is too limber, it will not lay fair between the
stations; if too stiff, it will jump out of position, or break, when
being forced to the required curve. When the batten is fair, all
offsets corrected, and you are certain that it is in accordance with
the lines plan, draw in the line and remove the batten. Mark the

line by its name and note whether it is the top or underside of
rail or deck.

Profile of Keel, Stem, and Stern

Now the profile of the keel can be laid off. Measure up on each
station from the base line the given offset and make a mark or
drive a nail. If the keel bottom is curved, lay off in the same man-
ner as the sheer, but do not attempt to force the batten around
the sharp curves at the stem. Then, from the lines or offsets, set
off the dimensions for the profile of the stem; fair in with a licht
batten (one of those prepared for the body plan sections). In the
same manner lay off the dimensions for the profile of the stern
and draw in with straightedge or batten and pencil.

Fairing with Light Batten, Forefoot

In using the light battens, remember that the retaining nails or
weights must be close together, as obviously so must the stations
or dimension marks. Always be certain that the batten is a couple
of feet longer than the line to be faired. If it is necessary to join
two curves of different degree—as, for example, the forefoot and
a curved keel—draw in the gentle curve with as stiff a batten as
possible, handling it like the sheer curve, and then put in the
sharper curve with a thin batten, part of which must follow ex-
actly the line of the gentle curve for at least a couple of feet.
Thus a portion of the sharp curve is superimposed on the gentle
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curve and their joining is fair. The same treatment must be ap-
plied toa sharp or gentle curve fairing into a straight line.

Profile of Keel, Rabbet

If the keel is straight, it is usual to give only the offset heights
at the two stations marking the limits of the straight portion of
the line. When the keel bottom, stem and stern profile, and sheer
are drawn in, the rabbet line should be set off and faired in. This
is done in the same manner as the keel bottom and stem and stern
Proﬁles. However, it is time to take notice of whether the lines
were drawn to the outside of the plank, as is commonly the case,
or to the inside of the planking. If the lines are to the outside of
the planking, then the rabbet drawn on the mold loft drawing is
the line of intersection of the outside face of the keel and plank.
The rabbet eventually will have to be represented by three lines:
the rabbet, inner or margin line, and upper or bearding line. For
the moment, however, the other rabbet lines must wait. If the
lines should be to the inside of the plank, as in Plate 3, then
the line laid off on the loft plan is the innermost corner of the
rabbet, the middle or margin line. If this is a straight line, the rab-
bet line will have a slight curve, as will be found when projected.

Marking Staffs

To save time, in most boats it is well to have marking staffs at
hand. These are thin, narrow battens, straight and smooth, long
enough to equal the greatest half-breadth and height given in
the offsets. 'Phe staff used to record the heights should be sep-
arate from the one used for the half-breadths. Take the staff
chosen for the heights and measure off each height to keel bot-
tom, rabbet, and sheer, station by station, and mark each by its
name and station number. To do this, lay the staff along each
station with heel snug against the base line batten and tick off the
proper heights. This will enable the corrections in fairing to be
transferred later to the body plan without error or extra meas-

uring.
Half-Breadth Plan, Sheer, Rabbet, Keel

Next set off the half-breadth of the sheer line. The base line
for the profile will be used as the center line now. On each sta-
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tion set off the half-breadth offset given in the tables. Measure on
the profile at the stem the point where the rabbet of the stem
intersects the sheer, using the forward perpendicular for the base
line. Transfer this distance to the center line. From the offset
table take the half-breadth of the sheer at stem and set it off per-
pendicular to the center line at the point just obtained. This is
the fore end of the sheer line. Obtain the end at the stern in the
same manner. Sweep in the line with batten and pencil. Now lay
off the half-breadths of the rabbet and keel bottom in the same
manner. The end of the rabbet at the stern will be decided by the
type of stern in the design; its fore-and-aft position is obtained in
the same way as the fore end of the sheer. Mark the measuring staff
for the lines faired in so far in the half-breadth plan.

Body Plan Position

Some builders proceed to fair in all the water lines next, but it
is safest to fair in the body plan at this stage. Errors can be more
readily checked if the loft plan is drawn in the same sequence as
the design plan, in which the body plan is drawn when the lines
described previously have been faired in. For the center line of
the body plan it is customary to take the station at amidships (or
the one giving the largest section area) and to draw the sections
or mold forms on both sides of this. There is no particular im-
portance to this location except that it puts the body plan in the
center of the work and so is handy from all parts of the loft plan.
Some builders draw the body plan on a separate drawing board,
if the boat is small, in which case a base line, center line, and
water lines have to be drawn with exactly the same spacing as on
the large plan. We will assume that the body plan is on the floor,

however, as the procedure is the same as far as fairing is con-
cerned.

Body Plan Drawing Sections

Taking the midsection station on the profile as the center line
of the body plan, space off the buttock lines shown in the desi
according to the measurements given in eithér the lines or off-
sets. The buttocks must be exactFy parallel to the center line and
spaced equally on each side. Next draw in the diagonals, dimen-
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PLATE 15. Lofting a 17-foot Hampden Boat. Fourth stage—drawing sections in the body plan.
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sions for the location of which may be obtained from the same
plan and table. Note particularly the place each diagonal crosses
the water lines and compare these with the lines plan; this will
indicate any error, either in the loft plan or offsets. Now a base
line batten may be tacked on either side of the center line, the
side chosen depending upon which portion of the body plan is
to be laid off first. Usually it is easiest to lay out the forward sec-
tions first. It is supposed that the Proﬁle of the hull on the loft
plan heads the same way as in the lines. In this case the body plan
may as well be made to follow the same arrangement as in the
lines, for ease in comparison.

Suppose the bow sections are to be laid off first. Take the meas-
uring staff made for the profile, or heights, and begin to lay off
the sheer heights for the fore sections. Take two spots for each
so that horizontal lines can be drawn from the center line out-
ward, parallel to the base line. Do this for the rabbet and keel
bottom, marking the station and identification for each. Then
take the measuring staff for the half-breadths, lay it along each
horizontal line, and tick off the half-breadths of sheer, rabbet,
and keel bottom for the corresponding station. Turn to the offset
table and select the foremost station. Begin by setting off each
water-line half-breadth for this station on the loft body plan,
taking care to be exact in reading and laying off dimensions. Be
sure to get the water lines correctly numbered or identified on
the loft plan so that mistakes in plotting can be avoided. Each
offset must be measured from the center line out, with the rule
laying along the horizontal line representing the water line or
half-breadth. When the water-line offsets are marked, either by
pencil or nails, pick out the heights of the buttocks in the offset
table. These must be set off vertically from the base line on the
buttock lines, on the loft body plan, corresponding with those
in the lines plan, of course. This is emphasized as it is very easy
to misread offsets, and thereby set them off on the wrong line, or
to take the wrong station. Set off the buttock heights, then, in the
same manner as was done with the water-line offsets, but measur-
ing vertically from the base line.

Next find the diagonal offsets on the offset table. These must
be set off on the corresponding diagonals on the loft body plan.
Measure from the center line of the body plan, that is, from the
point where this line intersects each diagonal. Again the rule
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must lay along the line in setting off measurements, sloping
downward from the horizontal according to the slope of the
diagonal. When these are completed, the section may be faired
in with a batten. In the sections at bow and stern some pﬁ'sets
for water lines, buttocks, and diagonals may be foupd missing on
the offset table. This is because the fairing lines omlttec_l may fall
outside the limits of the section or because they may cpl.ncm.ie too
closely in position with the sheer or rabbet lines. In fairing in the
sections it 1s probable that the batten will show that humps will
result if it is forced to meet every offset mark. Therefore, some
corrections must be made, but never at sheer or rabbet, in order
that the batten lay fair; it should pass through the majority of the
offsets set off as explained in regard to the sheer line. Every sta-
tion, or section, shown in the lines, including the stern elevation
of the transom, must be drawn in the loft plan in the manner
explained for the foremost station, the base line batten at center
line being shifted when necessary.

Fairing Body Plan Sections

In fairing in the sections, certain general principles must be
observed. If the hull form is of the dinghy or U-section model,
the bottom will be straight in section for a short distance out
from the keel. This is the “dead rise of the floors” and must be
correctly drawn on the loft plan. If one does not take care, the
batten will tend to make the dead rise of the floors curved instead
of straight. When fairing such a section, the batten must be
forced where it fairs into the bottom. The need for this can be
judged very easily by studying the section as shown in the lines
plan while fairing it in on the loft plan. This applies, of course, to
round-bottom hulls of all types in which such section forms
exist. In fairing reverse curves, in the sections or elsewhere, there
must be a short portion that is dead straight between the reverses.
If this is not done, a hump will form in the section at the point
where the curve reverses. Again note the section form shown in
the lines, in order to find out what is required. The whole idea of
drawing the loft plan is to reproduce the designed lim?s'as c_losely
as possible. It must be emphasized, however, that fairing in the
sections must under no circumstances require changes in the
sheer and rabbet positions as transferred from the profile and
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half-breadth on the loft plan. If the design is well drawn, there N
ought to be no marked aYterations required in the offsets to fair

the lines. It is necessary that the batten be shifted about a bit if
the offsets do not seem to fair, adding a little to one offset and
subtracting a little from another. It pays to be careful in all loft
work, to check and compare at every step.

/

Fairing Lines

Now the body plan is complete and the rest of the fairing may
begin. The choice of which to fair in first—water lines, diagonals,

or buttocks—depends wholly upon the form of the boat. Lines
which cross the sections in the body plan at, or nearly at, right
angles are the most useful fairing lines since it is possible to find
their exact intersection. So in the afterbody (sections toward the

stern) the bottom is best faired by the buttocks, the topsides b

the water lines; in the forebody (sections toward the bow) the
water lines will serve. The diagonals usually serve to fair in the
middle third of the boat’s length and the topsides to the best
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Fairing Buttocks i 1\/‘k
Let us suppose it has been decided to fair in a buttock first, /
Take one about one quarter the beam of the boat, out from the A
center line, whichever buttock is nearest to this position in the \ N
body plan. The measuring staff for heights should be marked for \
the buttock, taking off the heights from base line to where the but-

tock intersects each section in the body plan, by laying it along

S 1 #70 8/ g
the chosen buttock line and ticking the batten as previously ex- \

T

plained. Lay the measuring staff on each station in turn, on the

<

profile, and mark the height at which the buttocks crossed it in
the body plan. Fair these points in with a batten, but do not at-
tempt to run the whole line in. Only fair the sections from just
forward of amidship to the stern. This should require no altera-
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Buttock teights liffed from Body Flar.
PLaTE 16. Lofting a 17-foot Hampden Boat. Fifth stage—fairing first buttock.

tion in the heights marked on the stations; but, if it does, then
the body plan must be changed so that the section there coincides
with the changed offset height in the profile. The remaining but-
tocks in the afterbody may be faired in, in the same way; but if
any of these run up the side of the hull aft, omit them for the
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time being. Now the buttocks may be drawn on the half-breadth
plan—in which they are straight lines parallel to the center line,
Measure these off in the same manner that the water lines were
in the profile. If, in the loft plan, they should coincide, so much
the better. Perhaps the superimposed lines are becoming confus-
ing; if so, they may be traced over with colored crayons—say,
the water lines in blue, buttocks in green or yellow, and diagonals

in black. Save red for the construction drawing which comes
later.

Fairing Water Lines, Ends

Leaving the buttocks, turn to the water lines. Make a measur-
ing staff gor the half-breadths of the load water line in the bod

plan. Transfer these to the corresponding stations on the half-
breadth plan. Now the ends of the load water line must be found,
On the profile, measure in along this water line to the rabbet and
face of the stem, using the forward perpendicular as a base.
Transfer these measurements to the center line of the half-
breadth plan and square up the half-breadths of the rabbet and
face of stem; these points are the forward end of the load water
line. If the stem sides are not faired to the side of the planking,
but form an angle to it in the half-breadth plan, only the rabbet
need be found as the end of the water line. The same operation
may be performed at the stern. If a large enough wooden square
can be made, these points may be obtained by placing the square
on the center line (or base line batten of the profile) and squaring
the intersection of water line and rabbet down to the proper
place. On the profile, measure the points of intersection of the
load water line with the buttocks already faired in. Square these
down to the respective buttocks on the half-breadth plan. This
gives additional fairing points. ‘Through this sweep a curve with
batten, pencil, or crayon. Again, if there is any variation from the
offsets 1n the sections, the latter must be corrected. Where the
water line crosses the buttocks on the half-breadth plan will be
the hardest to check for position as the angles are so acute on the
profile that they will be difficult to establish accurately. Even so,
the projection of these to the half-breadth plan is highly desir-

able. All the water lines can now be faired in, following the
method employed in the load water line.
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Finisbing Buttocks, Bow and Stern Ending

The-buttocks can now be finished on the Proﬁle. Square up the
intersections of the straight-line butrocks with the water lines on
the half-breadth plan to the profile, spotting each intersection
on its respective water line. Do the same with the intersection of
the buttocks with the sheer line. This gives additional points
which enable the buttocks to be completed on the profile. If not
fair, the water lines or sections, or both, may have to be altered.
Due to the rake or curvature of the stern, it may not be possible
to complete the buttocks and water lines close to the transom
until its true shape has been projected in the profile. It has been
assumed that the transom is flat in the design being lofted, but if
this is not the case the transom outline must be drawn in the pro-
file and half-breadth ({)lans before the water lines and buttocks

can be properly faired.

Sharp Stern

In a sharp stern, with either the usual straight sternpost or the
overhanging “canoe stern,” the fairing is the same as at the bow,
and no further directions are required. Water line and buttock

ends are projected as at bow.

Plumb Flat Transom

If the transom has no rake, that is, stands paralle] to the section
or station lines in the profile, and is flat across its face, its true
shape is shown in the body plan and its outboard edge is repre-
sented by a straight line (coinciding with the transom center
line) in the profile plan. Water line and buttock ends are taken

from offset table.

Raking and Flat Transom

If the transom is raking in the profile but is flat across its face,
the outboard edge in the profile coincides with the center line
but the elevation in the bocfy plan is not its true shape. To lay off
the shape of this transom in the half-breadth plan, set off the dis-
tance its face is from the after perpendicular in each water line



96 Boatbuilding

#aef of Arc from £ i 3 ]
Off%e! of Arc from fangeof perpenarevlar R ¥
measvred ot 2 )
/i /m/’x‘f.»z.df/‘i”ﬁ;’i«;ﬁf”* ot off — T .
¢ P ST T e am/w Wzl
v '—_"mh—__-_ 7;.,,,,0,,/
< 7(
Lo 4 "
Z‘o o —a
|\ A,
\ 76 ooy
)
t : '-l Lase
ge;ﬁfna’/cu'{q[ Farngent fo arc, o,
o7 Q.
Qfﬂfl’ﬂ/) made ’/:zfg:f’# comvenens :
A,
trasfee o —
- L
= ! P e z / & oot
| Porpts /
y I /a4
/‘P ane/en' Frorr P
Ak Aol 7
+ s T el ll 2
T H k4

19. Projection of outboard edge of transom in profile and balf-breadth
plans to end water lines and buttocks. See text.

in the profile, transfer these distances to-the half-breadth center
line, and erect perpendiculars. Now measure each water-line
half-breadth in the transom on the body plan and set off on the
corresponding water line in the half-breadth transom. Then
measure the intersections of the buttocks with the transom,
square to the after perpendicular in the profile, and set the dis-
tances off on the corresponding buttocks in the half-breadth plan.
Set off the top of transom in the body plan if it can be done by
offsets, transfer the heights this intersects the buttocks there to
the profile, and square these points down to the buttock lines in
the half-breadth plan. The position of the bottom of the transom
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is found by squaring it down from the profile (where it has been
established) to the half-breadth center line, where its half-
preadth is set off perpendicularly, as measured from the body plan.
By drawing a curve, or curves, through the points obtained, the
shape of the transom as viewed from directly below is outlined
on the half-breadth plan, and the end of each water line and
buttock is marked for completing the fairing. Before leaving the
transom, set off the thickness of the transom planking and of the
stern frame in the profile plan, the lines of which are straight and
parallel to the original transom line there.

Remarks

In the type of transom described so far the projection of the
outboard edge in the profile and half-breadth loft plans are really
of small importance, since the points on the transom may be
readily obtamed directly from the offsets as previously explained.
Nonetheless, the projection of the transom of the sloping or
raking type is good practice, since it will aid in understandinfg
the principles of projection that are employed in the more dif-
ficult shapes.

Plumb and Curved Transom

If the transom is perpendicular in profile but is curved across
its face, the center line of the transom in the profile is a vertical
straight line, probably the after perpendicufar. The apparent
shape of the transom, as seen from dead aft, is shown in the bod
plan. The amount of curvature is shown in the half-breadth plan.
Due to the fact that the outboard edge of the transom does not
coincide with the center line in the profile, it is impossible to end
the water lines and buttocks (or chine line) until it is projected
in the profile and established on the half-breadth plan. The radius
of the face of transom is given on the half-breadth plan in the
designer’s lines drawing. Make a trammel by boring a hole for a
pencil in a batten somewhat longer than the required radius.
Measure off this radius dimension along the batten ?rom the pen-
cil point, and at the required distance drive a nail through the
batten as a pivot point. Lay the trammel on the half-breadth plan
with the pivot on the center line and the pencil point on the same
line where the transom center line is established by squaring it
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down from the profile. Sweep in an arc a little longer than from
center line to sheer-line half-breadth. On a measuring staff, tick
off the half-breadths of each water line at the transom on the
body plan. Set these off square to the center line on the arc in the
half-breadth plan; this will require shifting the batten for each
half-breadth in order to keep it square and yet have the tick-
mark for half-breadth fall on the arc. Identify each mark as the
end of a water line; these may now be completely faired in on
the half-breadth plan. To obtain the ends of the buttocks in the
profile, square up their intersections with the arc in the half-
breadth plan to the profile; then carry over the heights from the
body plan, square to the base line, of course. This will establish
the ends of the buttocks in the profile so that they may be faired
completely.

The chine and sheer lines are projected in the same manner as
water lines. It will be wise, for the sake of clarity, to project the
ends of the water lines on the half-breadth to the corresponding
water lines on the profile, doing the same with sheer and chine,
if one exists, so as to draw in the side elevation of the outboard
edge of the transom. This line passes through the buttock ends,
of course, and the buttocks on the face of the transom are verti-
cal lines parallel to the center line, squared up from these ends.
If the top of the transom can be established from the plans, it is
drawn on the body plan and the heights of the buttocks, inter-
sections (and center line) are carried over to the profile transom
buttocks and center line, where the top may be drawn in profile.
If the top of the transom is at deck level, however, the deck
crown will have to be drawn before the top can be shown in the
body plan. The transom just described is most common in motor-
boats. The inside of the transom plank and frame should be set
off on the profile as parallel lines to the transom center lines.
These should be drawn on the half-breadth plan by reducing the
radius by the required amount so that the arcs are all parallel.
This stern is now completely drawn, for the time being; but later
it will be necessary to project its shape when laid out flat.

Raking and Curved Transom

The third type of transom is the most difficult to build angd is
rather tedious to project, though it is one of the handsomest
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sterns used today. This transom rakes in profile and is curved
across its face. Not only must its shape be projected on the profile
and half-breadth plans, but later it is necessary to expand its shape
when laid flat. The first step is to establish the shape of its out-
board edge in the profile and half—bread_th so that the ends of the
water lines and buttocks may be established, as well as the ends
of such diagonals as cross it in the body plan. Inspection of the
lines plan will show that the designer }_ms given the radius of the
face of the transom by a dimension line and measurement; the
former is drawn perpendicular to tht} center line of the transom
in the profile. This dimension line is usually drawn so thgt it
passes through the outboard edge of the transom, where it is
farthest from the center line in the profile; this represents the
widest part of the transom. It will also be found that the apparent
shape of the transom is established in the body plan by oﬁsc.ats on
sheer, water lines, rabbet, buttocks, and diagonals, so 'that it can
be drawn in the loft body plan. It is usual to establish the top
of the transom in the body plan also. The rakq of the center line
of the transom is given by dimensions on the lines plan. It is also
usual to give dimensions that will enable the sheer half-breadth
to be carried to the transom edge in cases where it does not inter-
sect the edge of the transom, but curves in and up to pass over
the top. When this is done, the resulting transom is Clllptl(i‘:lny
shaped in the body plan, well and unfavorably known as “the
loftsman’s curse” for reasons that will become plain when it is
lofted.

The first step in projecting this class of transom is to _dra\gv it in
the body plan and to set off the rake of the center line in the
Proﬁle, to find the outline of the stern overhang. Then a trammel
1s made to the required radius (as described on page 97). Place the
trammel on the half-breadth plan so that the pivot is on the cen-
ter line and the pencil is on the intersection of the after perpen-
dicular (or aftermost station) and the center line. Sweep in an
arc from center line to a little outside of the sheer line. Then
erect two short perpendiculars inboard on the transom center line
in the profile, say, one at or close to the bottom anq the other clpse
to the top (or sheer line) of the transom. Next, with a measuring
staff, tick off the distances on each buttock from the after per-
pendicular to the intersection of the arc, on the half-breadth

lan. Transfer these distances to the profile and set them off on
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: wulars to the transom center line, measuring fr,
the two Peg::‘gllciunes through the pqints thus set off. Thesge linm
the latter. d of the transom center line gnd parallel to it. The
are mboli;r ctocks, as viewed from the side, on the face of the
are the ’111‘hen cransfer the heights of the buttocks at the bottom
transom. ¢ the transom, in the body plan, to the profile and sep
and topﬁo 1 the sloping buttocks previously drawn, measuri
them © ?he base line. This step enables the buttocks to be com.
square to the pr ofile since the after ends are now established,
pleted on oke a mark or series of marks on the outboard edge of

Next mm in the body plan. One of these should be at the point
the tranS:s : beam in the apparent transom shape. Measure ¢
of reatf hese on the body plan and transfer them to the profile,
height 0 square to the base line. Set off the he1ght§ of the points

measunngof‘ille of the transom, making short, horizontal lines a
on the }l)ll‘ ahead of the center line of the transom. With the
few InC essta ff, pick off the half-breadths of the marks on the
measurmgn the, body plan, taking care that the offset is taken
transom lthe center line. Transfer these offsets to the arc in the
square to keeping the measuring staff square to the cen-

halfl.iﬁze:sdttﬁep(i?s’t‘;nces are ticked off for each half-breadth on the
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A ssitate shifting the staff to keep it square and
arc; this ‘:’hﬂel E:lc; breadth tick-mark to the arc. Identify these
to brmgl Ly in the body plan, half-breadth, and profile. With a
marks plainly , set off the distances between the after perpen-
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) half-breadth offsets on the arc in the half-

gu;:l;ltrh ’;,’}fnf?{e:;inz the staff square to the after perpendicular.
r

the profile, setting off with the staff square
Next mns:;i;hl?:etgf theptransom in p%‘oﬁle and shifting itqso as
with the ¢ ch tick-mark intersect its corresponding horizontal
to havc;1 _eawm give enough points on the profile to enable the
line. T lstO sweep in the outboard edge of the profile when the
loftsman or point approximating it, has also been projected in
sheer line, l})st described. It is impossible to utilize the water
the n}anrlll?: ]ro'ection because they do not intersect the transom
lfm&: :: trighft) arllgles and are not true radii for the plane to be

ac

rojected.
It may be
lan in order
correct shape of t

desirable to add more buttocks or marks on the body
to obtain enough points on the profile to fair in the
he outboard edge in that elevation. When the
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oard edge of the transom has been drawn in the profile, it
drawn in the half-breadth plan to obtain the ends of the

ater lines and, later, to check the ends of the diagonals aft.
S uare down the ends of all water lines intersecting the outboard
of the transom in profile to the half-breadth plan, as lines

& e to the center line of the latter. Take the halt-breadths of
these from the body plan and set them off on the corresponding
Jines in the half-breadth plan. Square down the ends of the but-
tocks and the transom bottom at rabbet. It is an excellent plan to
set off all the other points used to find the outboard edge of the
¢ransom in profile to the half-breadth, taking them as water lines
have been. This will give a large number of points on the half-
breadth plan through which the outline of the transom can be
drawn, as seen from directly below. Do not hesitate to add a
number of control Points in laying off the three views of this
type of transom. It is due to shirking this that builders find the
transom pattern wrong when they come to set it up.

outb
can be

Accuracy

t is worth while to take pains to be extremely accurate in
making the projections necessary in the lofting of the lines. This
becomes of tremendous importance when such transoms as the
last described are to be developed. Due to the number and te-
diousness of the projections required, even professional builders
are inclined to try “short cuts,” with the result that both builder
and designer wonder why the stern does not look right on the

finished hull.

Fairing and Ending Diagonals

. The diagonals should now be faired in. They will be super-
imposed over the half-breadth plan in the loft. To avoid con-
fusion, it is best to use the uppermost buttock in this plan as the
center line for setting off the diagonal offsets, with the curves
downward, or o‘pposite to those of the water lines. Having chosen
the center line for the diagonals, the first step is to establish the
ends of the diagonals on this line. On the body plan measure the
height at which the uppermost diagonal crosses the outboard
edge of the transem and transfer this to the outboard edge of
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the transom in the profile. Measure the distance this new-found
point is before the after perpendicular and square this down to
the center line for the diagonals. Measure the width of the tran-
som in the body Elan, along the diagonal, transfer this to the
center line of the diagonal at the point previously found, and set
it off perpendicular to the center line. This is the end of the
upper diagonal at the stern. To find the forward end, draw the
half-breadth of the stem rabbet, on the body plan, as shown in
the lines plan. This may be taken from the profile and half-
breadth plan instead of from offsets, if desired. Measure the
height the uppermost diagonal crosses the rabbet in the body
plan, square this to the rabbet on the stem profile, measure this
oint from the forward perpendicular, and square this distance
down to the diagonal center line.
Next measure the distance from center line to rabbet, along
the diagonal, on the body plan and set this dimension off square
to the diagonal center line at the point just projected. This is the
forward end of the uppermost diagonal. The half-breadths of the
uppermost diagonal will now be measured in the body plan. The
measuring staff is laid along the diagonal and the distances at
which the diagonal crosses each station, measured from the cen-
ter line, are ticked off. The staff is then transferred to the di-
agonal center line and from this the half-breadth of the diagonal
at each station is set off. When all the stations are marked, a line
is faired through the points obtained, running from end to end.
If it is found that this curve, when fair, misses some of the station
marks, it is well to check the measuring staff before changing the
station on the body plan as it is very easy to make an error in
setting off the diagonals. This is particularly true in the sections
in the stern, where a diagonal passes through the portion below
the bottom of the transom. Fair in all other diagonals in the same
way that the uppermost has been worked out. The ends of di-
agonals under the transom or on the sternpost are obtained as at

the bow.

Correcting Body Plan

It may be found that, in making changes in the body plan to
agree with the faired diagonals, it will be necessary to refair some
of the water lines or buttocks. This may seem a tedious job, but it
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must be done if trouble is to be avoided later. When the lines are
faired to the builder’s satisfaction, he can draw in the location
of the masts on the profile and lay off the cabin trunk or cockpit
outlines on both profile and half-breadth plan. These are some-
times given on the lines drawing but, if not, will be found on the
construction drawing.

Deducting Plank Thickness in Body Plan Sections

If the original lines plan was drawn to the outside of the plank-
ing; as is the usual custom, the thickness of the plank must be de-
ducted from each section in the loft body plan. Turn to the
construction or lines plan, whichever shows the “construction
midsection,” or consult the specifications, to find the thickness of
the planking. As has been mentioned, the thickness given for the
planking is usually the rough size, when finished on the boat; the
thickness will be a little less than this. This matter is not impor-
tant on a cruising boat, but on a racer the deduction for planking
must be very accurate or the boat may be narrower than the
plans call for. In thin planking, under 3 inch thick, use a thick-
ness % inch less than given in the plans; in planking under 1%
inches deduct % inch from the given size. Set the compass to the
thickness decided upon and, beginning with the foremost section
on the loft body plan, sweep a series of small arcs along the curve
of its outline. The compass pivot point must be on the curve and
the arcs should be inboard, of course.

These arcs should be close together where the curve of the
section is sharp, and further apart where the curve is gentle. They
may be taken 2 or 3 inches apart on sharp curves and 4 to 6 inches
apart on gentle curves. Through the arcs sweep in a curve with a
batten in order to set off the inside of the planking. Care must
be taken that the batten is tangent to each arc, so that it is parallel
to the original section curve. This new line may be drawn in red.
At the point where the rabbet is set off on the section curve, the
new line must be ended. Set a square on the original section, one
blade along the original section curve as far as it will go outboard
from the rabbet with apex at the rabbet. Mark the place where
the other arm crosses the new curve; this is the lower end of the
new curve and is the position of the inner line of the rabbet on
this section. The top of the new curve must be found. Find out
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from the lines if the sheer was drawn as the top or underside of
the deck. If the latter, the upper end of the new curve is on the
same horizontal line as the original section curve’s §heer m:ark.
1 the sheer line is the top of the deck, subtract the finished thick-
ness of the deck from the horizontal sheer mark, fpr the original
section curve, and make another short horizontal line on the new
curve. This is the sheer to the inside of plank.' Perfqrm the same
operation on all the sections in the body plan, including the tran-
som. We now have the correct shape for each mold form which
will control the shape of the boat when set up and framed.

Keel Structure in Profile and Scaling Blueprints

The next step is to lay off the keel construction in p;oﬁle. It
will be necessary to scale the blueprint of the construction plan
to do this. Always scale from the nearest station for fo_re-and—aft
position, and from the nearest water line for height (if the base
1s not closer than a water line). This is done to avoid accumulat-
ing the error in scaling which would result in taking long meas-
urements on a blueprint. All blueprints stretch and shrn}k,
stretching in the direction the paper runs through the blueprint
machine and shrinking at right angles to this direction. It is ?ulte
important that the loft work on the keel profile be caretully
worked out. Every piece of timber making up the keel, dead-
wood, stem and sternposts, centerboard case, skeg apd rudder
should be accurately shown in profile. The center line 'of the
propeller shaft should be laid off and the location of bearings or
stuffing boxes shown. All jogs in timbers, to lock them together,
must be correctly drawn. It is necessary that the heels pf the
frames be drawn in, accurately sPaced, so that _the floor timbers
may be located and later drawn n. If the keel is jogged for the
floor timbers, it is well to show the floors in section (as though
cut in two along the center line of the boat) in the profile so as
to be able to fix the depth of the jogs. If there is a ballast keel,
the bolt positions must be worked out. Sometimes thc? construc-
tion plans show the position of the important bolts in the keel
structure; transfer these to the loft profile. It will save time and
trouble to show the mast steps, engine beds, and bearers in the
loft profile.
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Changes in Deadwood and Keel from Plans

It is often said that it is very important that the builder make
no changes from the plans when drawing the loft plan. This js
certamnly true; yet in working out the keel structure jt may be
possible to save a great deal of time and money by altering the

Rules for Changes

It is quite impossible to give complete and accurate instructions
that would meer all conditions that might exist in making altera-
tions from the plans, However, there are some general rules

Pl:}ns call forakeelina single length and this cannot be obtained,
1t 1s permissible to scarf the keel. The location of this should be
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chosen with care so that the scarf bolts will not interfere with the
bolts in the floor timbers or those for the ballast keel.

The length of the scarf should be five to eight times the degth
of the timber, or not less than three frame spaces in any case. Be-
fore making any marked changes in the keel structure it is wise
to submit the proposed alterations to the designer. The builder
should remember that too many small pieces worked into the
deadwood or keel structure increase the opportunity for rot to
start in one of the numerous seams that result. Also it is well to
avoid laying out the keel structure so that end grain is exposed
in any piece, either inside or out of the hull. Such exposure can
be avoided by notching pieces into one another; in the ends of the
hull, pieces can be worked in at angles that will further reduce
exposure. Of course, it will not be possible to avoid entirely the
exposure of some end grain, but the danger can be reduced by
rounding off the ends of the members approaching the vertical—
arms of knees, for example. No pockets that will hold moisture
should be permitted in the top of the keel structure profile.

Projection for Rabbet Lines

When the keel structure is laid out on the loft profile, the inner
line of the rabbet and the bearding line will have to be drawn so
that it will be possible to rough out the whole rabbet before set-
ting up the keel ori the stocks. If this is allowed to wait untl the
boat is set up, the work is measurably increased. The first step is
to draw the half-breadth of the keel on the loft body plan. It has
already been drawn outside the rabbet line. Take the heights
of the top of the keel structure from the profile at each station
and transfer to the body plan; there outline the half-section of the
keel structure at each mold section, By so doing, the position of
the bearding line at each mold station is found. The bearding line
is formed by the intersection of the inside of the lanking with
the face or side of the keel, just as the rabbet was formed y the
intersection of the outside of the planking with the side of the
keel. The inner line of the rabbet was established on each section
by finding the keel end of the line representing the inside of the
E anking of each section. The heights of the inner line of the rab-

et should be transferred to the profile for each station. Do the
same for the bearding line. Enough points will be obtained from
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ass, set off the inside of the planking on each water line at the
stem and sternposts, running from the rabbet of each a couple of
feet inboard, and sweep in the curve of the inside of plank of each
water line, establishing the inner line of the rabbet as done in the
body plan sections. Next draw in the half-breadth line of the
keel in the half-breadth plan. Where this crosses the line of the

INS

?—‘:h Y the body plan to establish the curve of these lines on the profile

: ~§“ through the mid-body of the hull, but more will be required be-
‘E% fore the two lines can be drawn on stem and Sternposts.
EQ To get these, we go to the half-breadth plan. With the com-
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20. The Rabbet

inside of plank for each water line is the position of the bearding
line for each water line. Square these points (for inner line of
rabbet and for bearding line) up to the profile to the correspond-
ing water lines there. Perform the same operation on the sheer
line. By doing this at bow and stern enough points should be
obtained to complete the fairing in of the inner rabbet and beard-
ing lines on the profile. If not enough are found, then it is neces-
sary to run in a few more water lines or sections, drawing them
in only close to the keel or to stem and sternposts, to fill in the
gaps caused by too wide a spacing of sections and water lines

in the original design plans.

PLATE 20. Lofting a 17-foot Hampden Boat. Ninth stage—deadw
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If the lines were designed to the inside of the planking (as in
Plate 3), and as in most designs for lap-strake (clench, clinch
or clincher-built) hulls, the operation of finding the inside of
the planking is reversed so as to establish the outside of the
plan{:ing at the keel, in order to project the rabbet line. In this
class of design the rabbet is replaced on the lines by the inner line,
or-margin line, of the rabbet and both the rabbet line itself and
the bearding line have to be developed by projection in lofting
the lines. The process of obtaining the position of these lines on
the profile is the same as described previously.

Additional Fairing Lines

No special explanation should be required in regard to adding
water lines and buttocks to the loft plan. Such lines are set off
on the profile body plan and half-breadth, regardless of position,
in the same manner as laid off for the lines shown in the designer’s
plans. Diagonals may be added also, if desired. They are first
drawn on the body plan. In laying off diagonals the joining of
each pair must be at the same place on the center line and must
also be at exactly the same angle; their outer ends must pass

through a given water line equidistant from the center line of the
body plan.

Adding Sections

Additional sections may be added at will, in order to project
the shape of a bulkhead or to locate properly some particular point
on the hull. To draw a new section, erect a perpendicular to the
base line on the profile and then project this down, square to the
center line of the half-breadth. The location of this line can be
established anywhere in the length of the hull without regard to
its position in reference to any other section line. Using a measur-
ing staff, mark on it the half-breadths of the water lines on the
new section and transfer to the corresponding water lines on
the body plan. Do the same with the diagonals. Then measure the
height of the buttock lines, sheer, rabbet, and keel bottom on the
new section line in the profile and transpos. these to the proper
place in the body plan. Then roject the half-breadth o sheer,
rabbet, and keel bottom to the Eody Plan as previously explained
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in the setting off of the design sections. A curve through the

oints thus obtained on the body plan gives the _shape of section
at the chosen location. The thickqess of the planking and the hqlf-
section of the keel, position of inner rabbet, qnd beardmg line
are found as described for laying down the sections shown in the

lines plan.

Lofting Sawn Frame Hull

The lofting of a sawn frame hull is no different from the method
outlined, which is intended for a stegm-b.ent frame hull. In the
sawn frame design there are more sections in the body plan. Smce
most designers give offsets for every other sawn frame, the inter-
mediate frames must be projected on the loft plan. It is common
practice to fair up the sections given in Fhe offsets first; when these
are complete the intermediates are projected as though they were
new sections. Loftsmen do not bother to correct water lines,
buttocks, and diagonals for the intermedlatps unless .the.shape of
the section indicates great errors, or some irregularity in offsets
causes doubt as to which should be followed.

Deck Crown and Pattern

The crown of the deck is laid out as a pattern, as a rule. To
make this the crown must be known. This is given in the plans,
either in the lines or construction plan. Usually it appears as
Crown of Deck 6” in 10’, the actual figures varying with the
beam of the boat and the amount of crown in the degk the de-
signer requires. It will be noticed that the length specified for a
given crown is equal to or very slightly greater than the greatest
width of the hull on deck. The amount of crown or bow-up of
the deck is measured at the middle of this width; if the length
for crown is 10 feet and the height of crown 6 inches, the latter
is at the middle of a straight line 10 feet lpng, represented by
a perpendicular 6 inches high. A curve passing through the. ends
otP the 10-foot line and the top of the 6-inch perpendicular is t}}e
crown of the deck. This is commonly laid off as a parabolic
curve. . _

First, to prepare to set off the crown, take a piece of thin board
(plywood or cardboard will do in small boats) longer than the



112 Boatbuilding

length given for crown and a few inches wider than hei
| height

i:rown. Near one edge of this strike a straight line and setgoff fl(:cr:
ength for crown. Find the middle of this length and erect a
perpendlcul_ar on which set off height for crown, measuring from
the lqngth line. Set the compass to the height of crown and, with
the pivot at the intersection of the length and height line ;wee
an arc from the length to the height line. Divide the lex’agth of
tbe arc within thesq limits into four equal parts. Divide the por-
tion of the length line between the arc and the height line Ii)nto
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21. Making Deck Crown Pattern

four equal parts. Connect each m i
. ] ark on the arc with each
0{1 the length line by_ a straight line, beginning with iii rrl::;f{k
c (ﬁ:st t(:i .th% perpendicular height line. ’
ext divide the length line, on each side of the 1
. . . . ’ e d
::Lgal;th lﬁ:; ]l(nte(;( E:a:tersg—elght parts in all. Erect pzr;%;%igl‘ﬂﬁ
mark, except at the extreme ends. Measure the hei
the sloping lines inside the arc, from I i © heaghts of
i 2 ength line to arc, and -
lf;zri gtﬁtesltznt:)eagg pair of per er;]diculars f(;f)ne on eithei' s?ge (t)rfatn}fe
,» beginning with the two nearest to the hei 1
The two ends of the len i i ioht . aght Lne.
_ gth line will have no heigh
Run a line through the to i EF on the caaen:
. ps of the heights set off on th
perpendiculars, beginning at the extr d e longth Tine
and curving up and over the heigh errfle e he length line
middle of the length line. This is thg tho S the deck eaprer She
e b ohe length I . e shape of Fhe deck crown. Cut
pattern, the top of which will b
olf t}l1e crown. The lower edge should be a few inches Z\S;e Cflxl'rve
t ?I‘ ength line, lEwarallel to it, and perfectly straight, yem
o tl(:euse, lay t € pattern on the body plan with the height line
on the pattern coinciding with the center line of the body plan
and b eS :li.rved F;dge of the pattern against the sheer or deck III)qu‘k’
ction. The bottom of the pattern must be at right angles
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with the center line of the body plan. Sweep in the curve of the
top of the pattern from sheer or deck height to center line and
the deck crown at the station is found. The pattern can be used
to lay off the top of the deck, the underside of the deck, or the
underside of any deck beam. It will be noticed that the amount
of crown in any section is controlled by the amount of beam of
the section. The top of the transom may be drawn on the body
plan with this pattern, if not already established (if the top 1s
fixed by the deck crown).

Transom Expansion

The expansion of the transom, when it rakes or has a curved
face, has been mentioned. The usual procedure is to expand the
transom to the outside of the planking and deduct the plank
thickness. If the transom is very curved, or if the sides of the boat
come into it with a very full curve, there is actually a slight
error resulting from this; but it is so small that it may be over-
looked. The outside face of the transom, when expanded in the
usual way, is used to set off the bevels—or angles at which the
sides join it—to obtain the sawing shape, or “molded face,” of the
frame. This is not difficult to do if care 1s taken. First the various
methods used to expand transom forms must be understood.

Suggestion for Expansion

In small craft, where there is no transom frame and the sides
and bottom are therefore fastened to the ends and bottom of the
transom plank, the most satisfactory way is to expand the transom
at its forward face, or inside of the transom plank line in the
profile. This is particularly true when no tilting band saw is
available. The usual procedure of getting out the finished tran-
som, in this case, is to saw to the pattern obtained with a hand-
saw and then to work in the bevels with drawknife and plane
after the transom is set up. As will be explained, it is possible to
get out the correct bevels of the transom beforehand with a little
more work on the loft drawing. Projecting the transom to the
inside of its plank is a little more laborious when lofting the lines,
but is less productive of error in setting off the bevels. In boats
having a transom frame, it is possible to project the transom to
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length given for crown and a few inches wider than height for
crown. Near one edge of this strike a straight line and set off the
length for crown. Find the middle of this length and erect a
perpendicular on which set off height for crown, measuring from
the length line. Set the compass to the height of crown and, with
the pivot at the intersection of the length and height line, sweep
an arc from the length to the height line. Divide the length of
the arc within these limits into four equal parts. Divide the por-
tion of the length line between the arc and the height line into
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21. Making Deck Crown Pattern

four equal parts. Connect each mark on the arc with each mark
on the length line by a straight line, beginning with the marks
closest to the perpendicular height line.

Next divide the length line, on each side of the perpendicular
height line, into quarters—eight parts in all. Erect perpendiculars
at each mark, except at the extreme ends. Measure the heights of
the sloping lines inside the arc, from length line to arc, and trans-
fer these to each pair of perpendiculars (one on either side of the
height line), beginning with the two nearest to the height line.
"The two ends of the length line will have no height measurement,
Run a line through the tops of the heights set off on the quarter
perpendiculars, beginning at the extreme ends of the lencth line
and curving up and over the height of crown as set off at the
middle of the length line. This is the shape of the deck crown. Cut
the board to serve as a pattern, the top of which will be the curve
of the crown. The lower edge shoul(r be a few inches away from
the length line, lEyarallel to it, and perfectly straight.

To use, lay the pattern on the body plan with the height line
on the pattern coinciding with the center line of the body plan,
and the curved edge of the pattern against the sheer or deck mark
of the section. The bottom of the pattern must be at right angles
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the inside of the frame Ji
This should be clear, h
to expand the transom
transom at its after face,
frame, by changing the
tion. In the description:
the inside of the transo

ne, if desired, by the method suggested.
owever; the methods of projection used
can be used to obtain the shape of the
forward face, or the forward &ce of its
position from which to start the projec-
s that follow the projection is taken at
m plank, with one exception.

£ /8 ‘ovt

Plumb and Flat Transom

In a flat transom, standing plumb, the body plan transom gives
the true shape to its outboard face. To obtain the inboard face,
draw in an extra section line on the profile and half-breadth plans
at the distance forward of the transom face required by the thick-
ness of the transom plank, or plank and frame. Project this to the
body plan as explained in the development of extra sections on

Page 110 and set off the line of the inside of the side lanking on

the resulting body plan section,; this is the required mo ding face.
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Expansion of Raking Flat Transom

If the transom is flat athwartships and raking in rofile, the
body plan shows the apparent shape of the after tP

ace of the
transom. The inner face of the transom plank has been marked
on the profile. A section

representing this must be rojected to
the body plan first. Square down the intersections of the line on
inside of transom plank with sheer, water lines, buttocks, and
rabbet in the profile to the corresponding lines in the half-breadth
plan. Draw in the outline of the section there as was done with
the outboard face of the transom. Take the half-breadths of
water lines, sheer, and rabbet of the new section on the half-
breadth plan and transfer them to the body plan in the usual way.
Take the heights of buttocks, sheer, and rabbet at inside of tran-

som plank from the profile and set them off on the body plan.
Draw in the section on the body
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stern. The height of the rabbet has been established on the raking

line of the inside of the transom plank in the transom profile b
its intersection with the profile rabbet line. At the rabbet height,
square out its half-breadth, taken from half-breadth plan to the
expansion-drawing center line,
he sheer is squared out on the expansion center line and its
half-breadth set off in the same way. At the points where the
water lines intersect the line of inside of transom plank on the
rofile, square out water lines (from the expansion center line).
ake their half-breadths from the projected section of the inside
of transom plank in the body plan. Draw buttocks on the ex-
pansion plan; these are parallel to the center line of the expansion
drawing. Their spacing from it is the same as in the body and
half-breadth plans. The he?hts of the buttocks at top and bottom
on the expansion are found by squaring out from the expansion
center line the intersections of the buttock lines with the line of
the inside of transom plank in the profile as projected from the
body plan. Draw in the outline of the expanded transom, through
the points obtained. This is the true shape of the section of the hull
at the position of the forward face of the transom plank. The shape
to inside of plank is obtained by setting it off in the expansion
drawing in the same way as in the sections in the body plan. If the

top of the transom is beveled, project both fore and after edges
at sheer and center line to expansion drawing.

Expansion of Plumb and Curved Transom

If the transom is perpendicular in profile but curved athwart-
ships, the center line of the inside face of the transom has been
drawn in the profile and the arc of this face in the half-breadth
(‘Page 98). The section at the inside of transom plank, or frame
if desired, is to be projected on the body plan. The heights of the
sheer, rabbet, buttocks, and chine, if one exists, are established
for this section by obtaining the outline of the outboard edge of
the inside of transom plank line, in the profile. This is done in
the same manner as in the outboard face of the transom. The
points of intersection of each water line, sheer, rabbet, chine, if
one exists, and of each buttock line, with the arc of the inside
of transom plank is squared up to the corresponding lines in the
profile from the half-breadth plan. When the outboard edge is

3 Asicle face of Transom
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drawn, the heights of sheer, rabbet, buttocks, and chine are trans-
ferred to the bgody plan at their proper p.laces. The half-breadths
of the water lines, sheer, rabbet, and chine are then l'xfted frorp
the half-breadth plan, square to its center lmq, and carried to the_u'
respective lines in the body plan. The outline of the section in
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the body plan can then be drawn and the diagonals checked by
projecting them as if the new-found station were the transom.
It is now possible to make the expansion drawing, The inside

Expansion of Raking and Curved Transom

The transom set raking, with its face curved athwartships, can-
not be easily expanded in the manner applied to other forms of
transom. To attempt to set off the molded shape of such a transom
is a very involved Procedure and it is easier to work from the ex-
panded shape of the transom Plank at its outboard face, unless the
original lines have been drawn to the inside of the plank. Should
it be desired to attempt the projection to the inside of the transom
plank or frame, it is necessary to add a large number of water
lines and buttocks that will pass through the transom, and these
must be faired through the after Stations on the profile, half-
breadth, and body Plans. With these, the Projection can be made
by following the methods outlined, with a little ingenuity in
adaptation. Iglowever, this is one of the reasons that the r:zing
and curved transom is not suited for the nonprofessional builder
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the outboard edge in the profile to the corresponding buttocks
in the expansion, using the expansion center line as a base. Square
out in the same manner, from their position in the profile, all the
control points marked for establishing the outboard edge of tran-
som originally. Do the same with sheer, rabbet, and top of transom
at center line, idcntifying each. The expanded half-breadth of
each control point, and of the sheer and the rabbet, are obtained
by setting off the half-breadth of these in the body plan on 3
measuring batten, transferring these to the arc of the face of
the transom square to the center line in the half-breadth lan and
marking there. Then a batten is bent around the arc and the ex-
panded half-breadths set off on it. These are transferred to the
expansion and set off on the corresponding heights or lines there,
The outline of the transom can now be drawn in the expansion
and the thickness of the planking set off. The expanded shape of
the transom to the inside of the side planking and to the outside
of the transom plank is now formed. To obtain the molded face
of the plank or frame, the bevels must be lifted and applied to
the expanded shape.

To Find Bevels

The method of finding the bevels for the transom is the same
as for finding the bevels of sawn frames, or for the floor timbers
when bent frames are used. Among professional builders methods
vary, but that to be explained is perhaps the most common. F irst,
however, it is important that the builder know the reasons for
using the method suggested. It might be supposed that the bevels
of the frames, transom, and floors might be obtained by the ap-
parently simple method of setting them off from the half-breadth
plan with an adjustable bevel, using the intersections of a section
line with water lines, buttocks, and diagonals. This would only
work at the places where these fairing lines pass through the
section, as outlined in the body plan, at right angles. As this is the
case in only a few instances, a method giving more control points
is necessary. The reason that the beve] must be taken at right
angles to the section line, as shown in the body plan, is that it
is in this position that the bevel must be used in sawing. First,
the method of lifting a bevel for a frame will be explained.

Take a piece of plank or plywood (or heavy cardboard) two
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d about 12 inches wide. Down the center
fmn}:?s SsIt);‘l:cis al %I;ge Tilne, the length of the board. Then erect per-
of tdiculars to this at three points, measured off to equal the.spac;
P f three frames, edge to edge or center line to center line o
b ?rames——it makes no difference. Extend these perpendiculars
:}clioss the board. Mark the middle perpendicular with the frame
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or number) whose bevels are required. This will
Ll:n:bfgeigll' ggard.” Turrz to this pgrticulax_: section on dthe lpft
body plan and make marks, on its puthnc, which are spaced to give
the desired number of bevel points on the frame_ or f}iloorx;ﬂ out-
line. Lay a 2-foot rule on one.of these marks,.laymg the rule l?s
nearly at right angles as possible to the section outlm'e at the
marked point and noting the exact measurements to the intersec-
tion of the rule with the stations on'e.ach side of the one cl_losen.
Now take notice of the relative position of the chosen statlofn lt10
the side of the boat, that is, which way the bevel must slope. If the
bevel formed is an acute angle it is an “under bevel”; if an obtuse
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angle it isa “standing bevel.” Bevels are always taken from the side
of the frame or floor that has been represented in the body plan,
Now take the board and set off the distances measured on the
body plan from the chosen station to the adjoining ones on either
side of the middle perpendicular (which represents the chosen
station); one dimension will be above the base line and the other
below, according to which way the bevel stands. A line is now
drawn with a batten from the measurement on one perpendicular
to the measurement on the other, passing through the point of
intersection of the base line with the perpendicular representing
the chosen frame. This line is usually straight, but may be curved
if necessary to pass through the three points required.

To illustrate the process, let us suppose that three frames or
floor timbers are taken as examples—A, B, and C. These are in
the forebody and C is the farthest forward; B is the frame on
which the bevels are required. The bevel board has been laid
out and the perpendiculars representing the frames drawn. The
bevel points on B are marked in the body plan and the measure-
ments to the stations adjoining (A and C) have been made there,
for one bevel mark. It is found that B in the body plan is the after
face of a frame (or floor) which will make the bevels “under,”
since the forward face must be smaller due to the run of the sides
of the hull toward the bow. Therefore, the measurement on C
on the bevel board will be taken above the base line and that on
A will be below. Since B is the face from which the bevels are
set off, strike in the forward line of the frame on the bevel board
to represent the forward face. Now the bevel line may be drawn
from the measurement on C through the intersection of base and
perpendicular at B and then to the measurement on A. This line
cuts the forward and after lines of the frame B on the bevel board
at the bevels required for the mark on the body plan that was
chosen. From this board the amount of wood to be cut off frame
B on its forward edge, to get the proper bevel, is measured. When
all the bevels for a frame have been marked from the body plan
to the bevel board it is a simple matter to set off the other si£ of
the frame when one side is already drawn. Had the line B been
the forward side, the bevels would obviously be the opposite and
would be “standing” in order that the after face be the larger,
by the amounts of bevel required at the different marks on the
body plan section. The spacing of the marks on the body plan
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station may be any desired amount to give enough points to con-
trol the bevel in the band saw or to draw the opposite side of a
frame to guide beveling with hand tools.

Transom Bevels

The bevels of the transom may be taken in the same way, but
the spacing of the perpendiculars on the bevel board must vary
with each mark plotted when the transom rakes or curves. The
reason for this i1s the variation in distance between the after
frame and the outside edge of the transom. To lay out a bevel
board for a transom, draw the base and erect a perpendicular near
one end and extend across board. Make the marks on the transom
for bevel points. Pick off the distance between the transom and
the section adjoining, as was done with frames gnd floors in the
body plan. Carry the mark on the transom edge in the bod'y plan
to the transom edge in the profile plan and measure the distance
to the adjoining station, parallel to the base line of this view or
square to the adjoining station,. We now have the amount of
bevel and the distance between transom edge and next frame or
station.

Set off the frame distance on the base line on the bevel board,
measuring from the transom perpendicular. Erect a perpendicular
and extend across the bevel board. Now set off the bevel measure-
ment below the base on the perpendicular representing the ad-
joining frame. Draw a line from this to the intersection of base
and transom perpendicular. If the transom perpendicular repre-
sents the after face of the transom, then the line representing its
forward face must be between it and the frame on the bevel board.
If the transom perpendicular represents the forward face, then
the after face line must be drawn outside of the transom per-
Pendicular on the bevel board and the bevel line prqjected across
it. By so measuring the bevel and distance to adjoining frame for
each bevel mark, a tolerably accurate transom will result. If the
transom is plumb and flat, 1t is treated as a body plan section in
lifting bevels, of course. Transom bevels are sometimes taken
from the half-breadth loft plan, taking the bevels on the sides at
the water lines and on the bottom at the buttock line in the loft
profile.
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Bevels Required for Cant Frames

In a steam-bent frame hull, the bevels are required at the tran-
som and on the ends of the floor timbers that bind the frames to-
gether at the keel. All other bevels may usually be lifted from the
loft plan without a bevel board. In sawn frames it is customary to
life three bevels for every buttock or timber that makes up a
frame, on each side of the hull. If 2 sawn frame is canted, the bevels
are hard to pick up as the spacing between frames varies with the
height above the base line. One method is to make a “gate.” This
is a pair of short boards hinged along one edge. To these are
nailed strips along an edge square to the hinged one, to act as
handles and bases on which to stand the gate. The device is used
to transfer the apparent bevels to the real bevels; the angle at
which a water line or diagonal crosses the line of a section in the
body plan is picked off with an adjustable bevel. This is trans-
ferred to the gate and marked on the blades, using the hinged edge
to represent the line of section. Then the bevel of the chosen line
with the section is picked up from the half-breadth plan and, with
the bevel set to this and tipped to the angle marked on the gate,
the latter is then opened until the sides of the gate are snug to the
bevel’s arms. The gate blades are now held in place by a weight
and the bevel removed. The true bevel may now be found by
placing the adjustable bevel against the gate square to the hinged
edge. This method is somewhat tedious but easily understood.
Cants are rarely used in framing today. The methods of beveling
to be used, when such frames are numerous, are best found in
old shipbuilding books. The cant frame is one that is not set
square to the center line of the hull. It was once used to frame
the ends of the hull when ve full, to avoid the excessive bevels
that would be required if the frames were square to center line.

Lofting of Flat- and V-Bottom Hulls

The lofting of a flat- or V-bottom hull having straight dead
rise and side 1n section is, of course, very simple compared to the
lofting of a round-bottom hull. All fairi g is usually done with
sheer and chine in a flat-bottom hull; sheer, chine, and rabbet in
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-bottom. In a V-bottom only four bevels, two on the side and
:VX) Er(:ttthe bottom, need be meaZured for sawn frames. The bevels
of the chine can be lifted from the sections. Four transom bevels,
located as on sawn frames, are required for the transom of both
V- and flat-bottom hulls. The method of firawmg the keel struc-
ture, getting the mold shapes, and Qrawmg the rabbet, rmgidle
line, and bearding line in a chine hull is the same as that described

for round-bottom hulls.
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Rabbet Projection for Faired Posts

Sometimes the lines are faired to the face of the stem and the
offsets for the rabbet on stern and stemposts are not given. The
rabbet is established in the half-breadth plan, however. This is
usually a curved line with the rabbet widest amidships. The pro-
file og'the rabbet is also established on the profile for the sections.
Transfer the heights of the rabbet to the body plan after it has
been faired and set off the half-breadths. These should come on
the section outline. The width of stem and sternposts is now set
off on the body plan and faired into the rabbet as marked on the
sections. Pick up on a measuring batten the half-breadths of the
rabbet as indicated by the stem and sternpost half-breadths in
the body plan for each water line. Set these half-breadths off on the
water lines faired in, in the half-breadth plan, keeping the batten
square with the center line and sliding it fore or aft until the
offset mark intersects the water-line curve. Mark this and then
square the point up to the corresponding water line on the sheer
at stem or stern, as the case may be. When all the water lines and
the sheer are so treated, it is possible to establish the rabbet on the
profile and to be sure that the outside of the planking is fair with
the side of the stem, to the forward face of the cutwater.

Stem Bevels and Finish

Some designers and builders do not fair the lines to the face
of stem all the way up to the sheer, but allow the stem to widen
out on its face, very suddenly, near the sheer. This should always
be done, as it gives strength to the stem and enables it to withstand
blows. If there is-a bowsprit, the squaring of the stemhead in this
manner makes the fitting of the gammon iron much easier and
neater. The change in section of the stem, from square to taper,
should be located on the profile just below and clear of the gam-
moning, if not shown in the plans. Another matter having to do
with the finish of the stem is the head. In many boats having no
bowsprit or stemhead fair-lead (such as is often seen in motor-
boats) the stem is sawn off flush with the deck. This practice
usually spoils the appearance of the whole bow. Whenever pos-
sible, the stemhead should come above the deck and finish in a
form having its greatest height above the deck at its forward end
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in profile. The very recent practice of streamlining the bow is
an exception to this rule, however.

Lofting Barrel Bow

The so-called “barrel bow” has been developed by stream-
lining. It really serves no useful purpose in a small boat designed
for sailing, or for ordinary speed under power. Nevertheless, it
is often attractive and so may be called forin a dcsign. The meth-
ods of building vary; the most common practice 1s to form the
stem of wide plank, doweled and glued together in the fashion
used for building model boats called “bread and butter” con-
struction. When the structure is formed, it is shaped with tem-

lates in the same manner as a model boat is shaped; then it is
hollowed and the after edges of the stem are rabbeted to take the
plank of the sides and bottom. The laminations may be vertical
or horizontal. The shape of each lamination must be drawn in
the loft plan. If the laminations are vertical, then buttocks are
drawn in, of the spacing required by the thickness of the lamina-
tions or “lifts.” If the laminations are horizontal, they are drawn
as water lines, of course. These must be faired back from the bow
far enough to make certain that the stem structure will fair into
the hull when complete. The keel and other longitudinal mem-
bers notch into the inside of the barrel-bow structure. With cer-
tain forms of diagonal planking the barrel bow can be Flanked
up, but this is not true of the conventional methods of planking.
Care should be taken, in lofting a barrel bow, to set oft both in-
side and outside of each lift or lamination so that, in making up
the stem, fastenings can be worked in that are clear of the out-
side and inside lines and that will not be disturbed in shaping. By
this means, it is possible to use nails or screws to back up the glue
used in forming the stem as well as to preserve wooden dowels
when shaping.

Lofting Deck Frame

Let us return to the lofting that was being described. The fair-
ing of the lines had been completed, the projections for mold
forms had been made, and the profile of the keel structure had
been drawn. Before beginning to lift the templates or patterns,
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itis a good plan to draw the deck framing on the loft half-breadth
plan. This can be done in red crayon. The location of all hatches,
their inside dimensions, the shape and fPosition of all deck knees
and blocking, and the exact position o every deck beam can be
copied from the designer’s construction plan. The top of the
cabin trunk can be worked out. Sometimes it is possible to use 3
beam mold, such as was made for the deck crown, that can be
used to shape every cabin roof beam. However, it will be found
that in many designs the position of the top of the sides and center
line of the cabin trunk roof are given by offsets; in this case 3
mold must be made for every individual beam. This can be done
by designing individual beam molds for every width and height
of cabin roof beam required. In rare cases it is necessary to fair
in the deck with buttocks as though it were the bottom, upside
down. This is sometimes necessary in streamlined hulls. It is also
possible to lay out and project the cabin trunk sides. To do this, it
is necessary to draw the deck and construction section at each
station that passes through the trunk. Such projections should also
be made at the ends of the trunk. The half-breadth plan will give
the length of the trunk sides, which may be expanded with a bat-
ten. The height of the trunk sides and cockpit coamings can
often be roughed out after such a drawing has been completed.

Lofting Joinerwork

Usually it is well to wait until .the boat is under construction
before lofting any of the cabin plan, but for the sake of brevity it
will be discussed here. The important bulkheads can be easily
lofted and patterns made by which the bulkhead can be com-
pleted before the hull is ready to receive it. Anyone who has any
knowledge of drafting can work out the shape of any piece of
cabin furniture in the loft plan. The importance of this is, per-
haps, not so great in amateur building as in professional work,
since the amateur rarely has any problem in doing the work
inside the hull. The professional builder, however, may have a
number of men at work in the hull at one time, and so all the
structure completed outside reduces the chances of hindrance
through men being in one another’s way.
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Cross-Sectioning Timber

It is usually very helpful, in shaping timbprs, to have the cross
sections at each station drawn out. Cross sections through the k_eel,
showing the exact bevels and cross-sectional shape, are particu-
larly useful in checking the work. Such members as chine logs,
keelsons, keel battens, and the sheer clamp, or.clamp and shelf,
may be cross-sectioned in each body plan section to adyantage.
This detailing will often show where study must be given the
construction prior to the actual building, in order to carry out
the designer’s intentions correctly.

Short Cuts in Lofting

The methods of lofting that have been described are not exactly
those that are generally followed by ({;rofession_al builders; rather
they are those most easily understood. As a builder gains experi-
ence, he will work out short cuts and variations destrable in the
type of boat he commonly builds. It will be found that the work
of some designers requires less lofting than that of others. Some
hull forms need relatively little fairing; others a great deal. It is
well to remember, however, that work in lofting is work saved
in construction,

Templates and Material

The next step is to make the templates or patterns. These may
be made of cardboard if the boat is Very sma l., or of plywood or
any thin plank % to % inch thick if the boat is large. The extent
to which the templates are made should depend upon the nqmber
of boats to be built on one design. If only one is to be built, no
patterns are required for the molds, as theix_' shapes may be trans-
ferred directly from the floor or loft drawing to the wood to be
used in making the molds used to form the hull.

Molds and Picking Up

Suppose it is desired to make the molds first. Rough lumber will
do for these. The plank used should be wide enough so that not
more than four or six pieces will be required to get out the shape
of the mold, not including the tiepiece across the top, called the
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“cross-spall.” The thickness of the plank used for the molds should
be ample to give strength. In small craft, up to 20 feet in length,

4- to 1-inch stock will do. For hulls 20 to 30 feet, use 1%-inch
stock; larger boats require molds from 1% to 27 inches thick. The
plank for the molds can be in short lengths and waste timber
can be used. The first step is to prepare the loft drawing for pick-
ing up. There are many methods of picking up, but for the
moment it will be assumed that it is possible to drive nails into
the lofting floor. Small wire brads, about % inch long, will do,
The heads should be cut off snug. Drive these along the line of
the inside of planking of the foremost section in the loft body

lan. The nails should be spaced about 1% inches apart, 2 inches
In large boats. Drive nails along the curve of the section at the
inside of planking line, taking care that each nail is directly on
the line, with top of nail about % inch above floor. Outline the
cross section of the keel, inside the rabbet bearding line, and the
center line there, with nails. Lay a plank on the nails in such
a way that it covers the maximum part of the section outlined in
nails. When this has been found, hit the plank a few raps with a
mallet so as to make an impression in the underside of the plank
of each nail driven in the body plan section. Turn over the plank
and run a line through the nail impressions with a batten and a
straightedﬁe so that the exact section, to inside of lanking, is out-
lined on the plank, and so that the outline of haﬁ’ the keel cross
section, inside of the bearding line, is drawn.

In the foremost section it should be possible to make a half-
mold out of one plank. The plank should be long enough to ex-
tend 3 inches or more above the sheer or deck. At the center-
line marks in the plank draw the center line to form the lower
limits of the mold. Saw out the mold plank along the lines just
drawn and plane fair and smooth to the exact line of the section.
The notch for the top of keel is sawn out as marked and then
the center line is used as a guide to saw for the butt to be formed
there. Here there ought to be about 3 inches of width to the
?lank along the butt—more, if possible—so as to give room for

astening the cleat at the but. Repeat this operation with another
plank to form the duplicate for the other side. Now pull out the
nails (with pliers) that were driven into the loft body plan. Lay
the first mold plank back on the section, making sure that it coin-
cides exactly with the inside of planking line and with the center
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line and top of keel. Mark plainly on the plank the lines crossing
the section in the body plan (water lines, buttocks, and diagonals),
drawing them across the width and edges at the angles formed
by the drawing. Also mark plainly the sheer. In some cases it
may be desirable to pick up the cross section of such members as
the chine log and stringers, or clamps, on the mold plank. When
the plank has been marked, turn it over and place the duplicate
on top of it. Then mark this plank with the same lines, so that
the markings will be on the same face in both halves of the
mold when assembled.

27. Four-Piece Mold, 17-Foot Hampden Boat, Station G

Get out the plank used for the cross-spall. Lay it across the sec-
tion in the bOtg' plan so that its underside is at the sheer or deck
line and square to the body plan center line; mark both center
line and sheer half-breadth on it. Reverse and mark off the other
side for sheer half-breadth. Cut spall to proper length. Now lay
the two halves of the mold together in the proper position, one
half on the body plan section but with markings on plank down,
and secure the cross-spall in place to both halves. The cross-spall
must be square to the center line and its underside exactly on the
sheer or deck marks so that it will be level when the mold is set
in place. The cleat holding the two halves together over the keel
is next made and fastened. If necessary, this will be notched to
fit the top of keel. The width of plank used for cross-spall and
cleat should be 3 to 6 inches, depending on the size of boat. The
thickness should be the same as the mold stock. Perhaps this is
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obvious, but it is mentioned in order to emphasize the importance
of strength in the molds. These members may be fastened with
large screws or with common nails. After *he mold is fastened
together, it should be turned over with markings up and checked
with try square and straightedge to make sure that it is properly
lined up and put together. The other molds are made in the same
manner, but each side of the mold will have to be made of two or
three pieces and then cleated together. The corrugated fasteners
used for fastening crates, packing boxes, and window screens
are very useful in fastening the parts of the mold together before

28. Mold Station C, 17-Foot Hampden Boat

fitting cleats. The butts formed on the pieces of the mold need
come in no special position; their location can be decided by the
stock on hand. No mold need be made for the transom. Molds in
way of centerboard case can be made in two sections, deducting
case thickness if it is intended to set up case with keel. Molds are
cleated to case side in setting up, if this is done.

Other Methods of Picking Up Molds and Patterns

If the loft drawing cannot have nails driven into it, tacks may
be set on the drawing with points up and heads on the line. If the
drawing is on paper, the wood for the molds may be slid under
and the lines transferred by punching through the drawing with
a common scratch awl. Various types of toothed wheels are made
for this purpose. These are called “tracing wheels” and are used
by dressmakers to transfer paper patterns; they may be obtained
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from mail-order houses. Special battens can be made for picking
up- The most common consists of a limber batten, square in sec-
tion; to this are attached short wooden strips at right angles. The
method of attachment is a brass sleeve, shaped like the letter “U,”
over the end of each short strip. The long batten is then passed
through the U. This enables it to be shifted in the attachmen_t.
In the ends of the short strips are small holes. The long batten is

mm‘m& or Tacks
. = btng

Batten

ﬁtihy-(f Grrd /’/’ch’ﬂy-tf Batten

Common Scratechr Aw/

29. Picking-Up Tools

bent around the section on the loft body plan and held to the
curve by awls driven through the holes in the short strips. These,
by their attachment to the large batten, hold the section curve
and the batten can then be lifted far enough from the floor to slide
under a plank, on which the shape of the curve is then traced. The
fairing of the batten on the section curve can bg controllec_l by
shifting the holding strips as required. Another 1de_a, sometimes
employed, is to build a grid of thin battens, consisting of Y-
by %-inch pine strips, about 3 feet long, spacgd apout 1 inch apart
on two 1-inch by %-inch battens. This grid is laid over the body
plan and where the chosen section crosses each batten a tick-
mark is made on the grid. This is then transferred to.the .mold
plank and the process reversed. Such a device as this is suitable
for lofting small craft such as dinghies and canoes.
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Patterns

Patterns are picked up from the loft plan in the same manner as
molds. The patterns for the wide timbers in the keel may be
outlined in slfc)eleton form with narrow battens held together by
corrugated fasteners and braces or cleats. The pattern, or tem-
plate, outline should be the exact shape of the timber for which
it is made. The lines on the timber, such as bearding, middle, and
rabbet lines, are picked up from the loft plan on the pattern as

Jtemn, Ahee
Template in ore prece

Sern, Upper Deaawood
Jernplate built oo o save stock.

30. Keel patterns, 17-Foot Hampden Boat. Note
station and water-line marks. Mark for bolts also.

was done in picking up the shape of the molds. These lines are
drawn on the pattern in their correct place and shape. When it is
necessary to transfer them, nails are driven through the pattern,
along the lines, into the timber to be shaped; the outline is traced
around the edge of the pattern and all control points are then
transferred to the timber. As in the molds, it is very important
that all section lines, water lines, and the sheer, when possible,
be transferred to the pattern and from there to the timber. The
reason for this is that these marks will be necessary to properly
fit the timbers together and to set the molds. Patterns should be
picked up for every timber in the keel structure, for stem and
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sternposts and their knees, and for all deck framing. If there is a
centerboard, or fin keel, the timbers for this must have patterns.
The rudder should be drawn in the loft plan and a pattern made
for each individual plank in its structure, if large. When the pat-
terns or templates for the keel are completed, put them together
on the mold loft plan to check them against the drawing and to
be sure that the lines marked on the various templates coincide as
they should. This is a very important check. It will show any
errors in outlining the scarfs or laps in the timber patterns. As
each pattern is made, make some identifying marks on it and upon
the timber in the loft plan, so that its place is known. Patterns
should be made for deck knees and blocking if there are many

ieces to be cut. With the deck crown pattern and the loft plan
it should be possible to get out the deck beams without individual
templates.

Transom Pattern

A light wooden pattern should be made of the expanded tran-
som and the bevel spots marked. The transom template should
be complete, like the molds. The amount of bevel to the transom
edge is on the bevel board, and if it is desired to make the inside
and outside lines of the transom plank or frame this can be done
on one pattern. The transom pattern must have the center line,
all the water lines, and the buttocks that cross it plainly drawn. It
is usually well to mark on the diagonals also; very often these
lines are useful in taking measurements necessary to properly set
the transom.

Floor Timbers, Patterns, and Bevels

When the molds and the patterns, or templates, for the keel
structure, stem and sternposts, deadwood timber and deck fram-
ing are completed, the floor timbers should be projected on the
mold loft drawing and patterns made. From the designer’s plans
the position of the floor timbers can be transferred to the loft
profile. From here their shape can be projected to the body plan
by the methods used for additional sections (page 110). There is
one point that should be made here: it will save time if the molded
face of the floors be chosen for the body plan section to give under
bevels. This means that the after sides of the floor timbers, in the
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profile, are taken as section lines in the forebody; the forward
sides in the afterbody. The bevels for the floor timbers can be
measured as for frames (page 120).

Sawn Frames, Templates For

If the boat has sawn frames, templates are made for every tim-
ber, or futtock, that makes up each. The bevel spots, as well as
all other identifying lines, must be marked on the pattern. The
templates for each trame are put together in a pile, with the bevel
board, so that they will not become mixed and hard to pick out
when getting out stock. After the individual timbers of a frame
are shaped, the whole frame template should be assembled and
cleated together to aid in putting the frame together prior to set-
ting up. 'Ighis will give a handy check for frame shape. No mold
forms are necessary, of course. Otherwise the patterns are the
same as required for a bent-frame boat.

Joinerwork Patterns

Now the molds and patterns are complete for the hull frame. If
desired, patterns may be made for the cabin joinerwork or for

bulkheads. Then the patterns should be stored in the order in
which the timber is to be worked.

Planning Setup

At this stage it is well to begin planning how the hull is to be
set up for building. If the boat is small and rather lighe, it is
usually built upside down. On the other hand, a heavy boat, or
a large one, is built standing on her keel. If the boat laid down
is to be built upside down, it is well to strike a base line on the
loft plan representing the floor or building base line. Then the
setting—uﬁ heights for each mold from this to base line and to the
sheer (which is the underside of the cross-spall, remember) can
be measured full size and marked on each mold spall. Some build-
ers plan the molds so that the ends above the sheer will reach the
floor, when upside down, at the required height. The base line
position in relation to the sheer should be carefully chosen to keep
clear of the spalls, the stem and sternposts, and the transom top.
If the base line is to be the floor, the height of the boat when
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set up should be considered. There must be plenty of room for
the builder to crawl under the hull and there ought to be com-
fortable sitting headroom between the floor and underside of
keel. If the boat is to be built right side up, it is often a trouble
saver to establish the building base _lme m a different position
from that in the designer’s lines. In this case the corrected heights
should be measured from base to rabbet line on each station (or
from base to sheer, if desired) and mar_ked on the.correspondmg
molds. The height at which the boat is set up will probably be

overned by the headroom in the shop. It is well to set the boat
as high as possible, as a rule, to give ample room to work_ on the
bottom, under the bilges. It will be found useful to establish two
base lines, one below the keel and one above the sheer, in boats
over 3o feet long overall, in some designs.

Special Cases

If the boat is strip or diagonal planked, the position in which
she is set up is particularly important. Usually it is best to set the
strip-planked boat right side up. The_dxagonal—plan_ked hull is
easiest built upside down. If such a boat is fairly large, it would be
well to start planning the method to be used to turn her over
when the planking is done. The gear can be ea_sﬂy rl_gged, but
room is required. Flat-bottom hulls are usually built upside down;
so are V-bottom hulls, unless they are large. When boats of these
models are large and built right side up, there should be more
room between the floor and chines than would be required be-
tween floor and keel in a round-bottom model. If the boat has a
motor and it is desired to put it in before the hull is m.ov.ed out of
the shop, it is wise to check the headroom to see 3f it can be
hoisted clear of the gunwale or sheer when the boat is co_mplete.
If not, it may be necessary to put in the motor before ribbands
are fastened to the molds; this will require putting in some ﬂopr
timbers before setting up the molds. These are possible details
that should be considered now and planned ahead.

Suggestions: Batten Chines and Batten Keel

There remain a few suggestions and remarks concerning loft-
ing. The best method of finding the shape of the notch to be
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cut in the molds, but also the bevels of each member at the given
station, By this means it is possible to lay out the chine members
with their proper bevel before fastening into the hull; but it is
advised that the bevels be only roughed out so as to leave a
little wood for fitting, since the sections may be rather widely
spaced. In getting out the batten keel the same methods can be
followed. Sawn frames for either flat-sided hulls or the round-
bottom model are usually beveled on the inside with the same

bevels established for the outside.

Curved Transom

If the transom is raking in profile and curved very slightly
athwartships, it may save time to treat it as a flat-raking transom,
picking up the transom expansion pattern to the inside of a thick
transom plank, or to the inside of both it and the frame, and
then cutting the amount of curvature (to the after face of the
transom) out of the thick transom plank. This will work when
the amount of curvature across the face of the transom does not
exceed % inch, measured in the hull profile at the widest place.
If light weight is important, however, this practice is frowned
upon.

Stopwaters

It is a good plan to mark the stopwaters in the keel structure
in the loft plan and to indicate them on the templates so that
they won’t be overlooked. These should be placed so that one
goes through a keel scarf at the middle line of the rabbet and
another just inside of the bearding line, that is, between middle
and bearding line. The rake of the scarf and the distance between
middle and bearding line will fix the spacing of the stopwaters.
These should be of white pine or cedar and should range from
14-inch diameter in a small boat to % inch in a large one. Common
sense is the best guide for exact size; too large a stopwater will
cut away the space inside the rabbet lines excessively. There
should be two stopwaters in every seam passing through the rab-
bet in the keel, stem and sternposts, or deadwood structure, when-
ever space permits. If the space between middle and bearding
lines is scant, the outermost stopwater may be located between
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rabbet and middle lines. If the seam is vertical to

the rabbet, one
Stopwater will have to serve,

Ballast Pattern

If there is an outside ballast keel of lead tha s rounded or
shaped in cross section, a full-sized replica will have to be made
of softwood, for a pattern. This can be buile by gluing together

lank and shaping, as was done in directiong for the barre] bow,

?ollowing a plan used for building model boat hulls, [ the ballast

Xeel is rectangular in cross section, no lE;attern will be required,
e

described later, When
,» be carefu] to draw in the ballast bolts in

Shaft Log

Take particular care i laying off the shaft log. It is well to
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32. Commmon Shaft Log Construction
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i to the rabbet when the latter is cut. The great-
er:tn ?:ngg:goui:ﬁy (:txists when the de::]iutr)cl)od 1113 thm.oi‘f s}l;ﬁ:u:)%
i Is are not available, the use
ot e s e blem. If the deadwood is very
i ft logs may solve the problem, > r
A b to offset the shaft and put a faired strip
thin, it is usually better to fixed strip

he shaft runs along one fac
over the shaft. In this case t e cons ajong one face of dh
y a slotted plank,
deadwood and may or may not be ¢ ercoesy 2 siotted plarl,
rounded on its outer face. Sometimes gne  Shown 2
” i he seam on both sides of the sp i
“feather” or strip run in along the seam 3 Of the split
i that this is going to be cut by
Sh?flt)tl:f.\g:llltbipgxe:i?ted aand the hgole for the shaft protected
mlaginst leakage, through these seams on the sides, by a lead olx;
g%ass tube running the full length of the shafg h}(l)le, e\;len tl:;\tlgst
d for in the plans or specifications. Perhaps the gr
gi(;;icc\ﬁlt; inox;aking apshaft log by boring is to avoid foulyé‘g 11:1661
drifts or bolts. The longer the shaft holltiz, the gre(;xter th(;f ‘:L X zha 4
i ing. For most amateurs the split, pieced, or 0. :
L%lgggggthe most satisfactory. This subject will be discussed in
ail in the next chapter. '
gr?lgiz ‘cig:npllelies the mold loft work. Remember, an eraser 'w1{‘l
correct an error in the loft drawing but more than that is require
to correct the same error when actual building begins.
The next step is to shape the backbone and set up.



CHAPTER THREE

THE BACKBONE-
SETTING UP

Importance of Lumber Storage

HILE the lofting has been going on, the timber neces-
125 sary for building should have been delivered. If it is
possible to use the lumber at once, it will suffice to put
it under cover and pile in such a way that the sticks desired first
will be on top. Few home builders can plan on full-time construc-
tion, however, and a good deal of time may intervene between the
starting and finish of the boat. During this time it is possible for
some of the timber to be harmed by heat and moisture unless it
is properly stored. This is particularlz true of oak, spruce, elm,
and pine. Of course, the space available will govern the storage
of lumber but, if possible, certain precautions should be taken,

Methods of Storage and Protection

The best way is to pile plank on a level, dry floor, one plank
on top of another. The pile should not be so high as to be easily
knocked over; if there are too many planks for one pile, make
another against the first. On top of these planks put the heavy
timbers, spreading them out so that their weight is evenly dis-
tributed over the length and breadth of the pile of plank. The
weight of the large timbers will keep the plank from warping,
springing, or twisting. Do not put stones or other heavy, but small,
objects on the lumber pile in place of heavy timbers. Concentrated
weights will do more harm than good. Ify there is no floor avail-
able, put a couple of thick, rough plank on sleepers, level, and
then stack the lumber on the platform so formed. If the lumber
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i reen and it is hoped to dry it out while building, insert
;)sa:rteergfs 1g1nder each plankI;s it is added to the pile. These battens
should be about 1 by 2 inches, laid on the flat, spaced gbout 4 ft_zet
apart. Take care that the battens, as they are placed, line up with
those below. The bottom plank of the stack should be well off
the ground. If the stack is in the open, one end should be lower
than the other so that rain water will run off. It may be well to
remind the reader that it takes from two to three years to air
season timber. If there is a quantity of heax_'y 'tlmber to be sea-
soned, it may be stacked on end, against a building or fence, leav-
ing air spaces between the timbers. If timbers are to be st_ored
under cover for any great length of time, pack them in a pile as
was done with plank, on a level ﬂpor, and over them lay some
wide planks; erect posts along the sides of the stack and then cleat
across the stack. The posts may be toenax!ed to the floor :and
the cross cleats nailed to the posts; these will prevent the sticks
from twisting. This is a good way to store oak and elm. When
oak or elm timber, or plank, is on hand, it is a gqod plan to paint
the butts with orange shellac, red lead, or old paint that. 1s ratl_1er
thick. This will usually prevent the ends from checking. Pl!es
of lumber should be covered with paper or old sacks to keep dirt
and grit from accumulating on the surfaces pf the plank; oak may
be protected from checking by covering with damp sawdqst and
salt. If the pile must be in the open, it may be covered with tar
paper or tarpaulin. It is not desirable to store lumber ov.erhegd
in a shop as the heat is usually too great. Also, dust and dirt will
accumu};te on the upper surface of any timber so stored.

Tools

The tools required for getting out the backbone depend upon
the size and design of the boat to be built. In any case there must
be a workbench. This should be fitted with a Woodwquer’§ vise,
not the iron- or steel-jawed machinist’s or metaIWO{kmg vise. A
metal bench stop should also be fitted. For smoothing thin bat'-
tens, a wooden stop topped with sole leather may be used. This
is shown in the accompanying cut. A ber_lch hook can bq made of
a hardwood plank, as also shown. This is usefu_l in sawing sho.rt
pieces of wood on the bench, or in working with chisels; it will
steady the work and save the top of the bench from becoming
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a vise when smoothing up the edges or working with a draw-
;. Tools for getting out the timbers are a cross-cut handsaw,
broad hatchet, brace and bits, ball

ad ripsaw, compass saw,

, hammer, a light sledge hammer, mallet, drawknife, chisels,
plane, rabbet plane, smooth plane, bullnose })lane, and try
re. For a small boat, iron C-clamps capable of opening to 8
s can be obtained at Jow cost; large C-clamps are very ex-

sive, however.
‘here are various types of adjustable bar clamps, but on the
sle they are not strong enough for holding deadwood timbers.
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34 Makesbift Deadwood Clamps

iakeshift clamps can be fashioned that are better suited to the

ob. One way of clamping is t0 take a few turns of rope around
raw up Snug, and tuck under the ends. Then drive

he timbers, d
1 large wedge between rope and timbers. If the rope 1S well

aretched before using, the results are satisfactory. In handling
knees by this method, 2 cleat nailed to each side of the timber
will keep the rope from slifping down the slope of the top of the

knee. If rope is too light for the work, small chain can be used.

planking bench is .
useful if there is room, ThjsSimilar results can be had by using 2 wedge clamp, made of two

shown in the cut. This can

shown in th . can b
e cut; these and we e fitted the plank holdersbe taken apart to get it over the ends of timbers, if necessary.

dpes wi
ges will hold a plank better L-arg8¢ keels require a broad ax and an adz to shap

e by hand. If
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there is a mill handy, it is best to mark the timbers and car
them to the mill to be rough-shaped rather than attempt to work
them down with hand tools, Where power tools are available,
a band saw will serve for shaping deacfwood and keel timbers.
In shaping the rabbet, a carpenter’s slick (a large chisel with a

blade over 2 inches wide) is very useful. All chisels should be
heavy-duty tools. The “ raming chisel” is most commonly used,
as the “firmer” is too light for work on the keel. The brace should
be of the ratchet type. The auger bits should vary according to
the work: for hardwood use bits having a single cutter; for
planking and joinerwork use the double cutter. Also a selection
of ship augers is required. For long holes use the barefoot ship
auger (which is started by first boring a shallow hole with an
ordinary bit). The ship auger with screw is used in counterboring
for plugs in planking and for heavy work, but is not used for
long, straight holes, such as the shaft logs require. The ship auger
bit is between 13 and 20 inches long; it can be used in an ordin
brace, but when used for long holes an iron stock is welded on
to serve as a brace. The stock can be made and welding can be
done by any blacksmith. The diameter of the stock should be
about the same as the shank of the auger, above the twist,

The saws should be chosen with care; for hardwood and smooth
cuts, use saws having 10 or 11 points to the inch; for softwood
and rough, quick cuts, use saws having § or g points to the inch
for cross-cut, 5% points to the inch g)r rip. The large, one- or
two-man cross-cut saws, used in cutting cordwood, are suitable
for cutting ends off keel timber. If some fastenings are counter-

sunk, the Foerstner auger bit should be used to counterbore. It is

much better than the common bit op sloping surfaces; the ex-

pansion bit is useless in this situation. The adz should havea li

. ;1S I ped
blade, since most cutting will be done across the grain oF the

wood. A good grindstone s a necessity; high-speed abrasive
wheels or grinders are not satisfactory for heavy tools. Hacksaw,
or boltcutter, sledge, and spikeset (heavy punch wi
off) are required for fastening.

Marking and Cutting Timber

Now the marking of the timbers may be started. Select the
pieces for the keel from the lumber pile. Consult your lumber
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1 i ith the templates
: i u choose the right pieces. Wit .
b t;\eec:;:fil:;ey:f the first piece andp cut to the line. Afte; :}}::
ine has been cut, lay off the center line and the tapt_atr},1 lband
ﬁu;il?: not parallel sided; with adz t:md br(;lad a:;k(s)rFVivxiish band
¢ i ] i the marks.
the sides of timber, to _ ;
saw, cut the taper 1n n back on the timber an
lay template or patter :
2 l]intel‘xeN(:)Vs‘;tiozlr of sIt)ations and water lines, as shown t(})lr; :(l:e
e late (I:n the face of the timber. Square. these.across ¢ th};
tempbatt;m and mark the opposite sid'e. Drive r}axls thlr(gug e
and l:te to hold it in position on the timber wh;le marb mdgl:iVin
temp'on of the rabbet can be transferred to thg timber d)lr) rding
lO(;;mthrough the template along the_ rabbet, middle, ar}x1 ea OSitge
o shown there. If the template is tr_ansferred to the gp oSt
ll'I:les f the timber, the nail holes will guide to spotting an bbat arg
SLee :abbet lines on that side. When the kln:ies 0{1 tl:g rl::er ?\/1 are
: i i i to the timber.
ir in the lines with a batten, tacke
marll(gg;tfi":)l; 12f bolts, or fastenings, shown on the telinpl?tet;eit
the ear unnecessary to mark all these lines on t g tim u;
gll;y tﬁg)lf) will become very important_ when tIhfe.kgel is of‘i?%s Iie-
hen the molds are being set. If joinerw -
tog.:;geirnat?l: g‘;at being built, these lmqs and marks on thet dzzc:_
;lvli;od will be of great assistance i? getttl)xllg alh?::;ﬁlelrg:gi; .
reatest causes of trouble an r
iﬁzt.d(e)a?iewoofo?zgd molds can be traced to neglect in properly
i imbers.
mﬁiﬁf 3112 t:ir?nber is shaped and markﬁd,. t}lx)e r?bblite erlmg; al()ﬁ
i ired. Mark and cut each timber for s
roughly cut, e d knees in the same manner. If there
wood, stem and sternposts, and kne ; he same er. I there
. ? . Per,
is much change of wxdth in any timber, y e e e
ked on with the outline and squa _
;}:)(::gib:f?el:rs}faping these surfacefsf, rene,vi/(cd }(l)nt:};; rsu:;sd ftr}:):l
i fter the sides are cut off to make the 2
:ﬁ:srea{)lg:: :et off by measuremegts on thgsees;:zlt(;;s.to e Tine.
The scarfs should be plane smoo;1 , o s plame.
d timbers may be worked smooth wit
I\qﬂ;)l:r}:ecuttrirrllg the ra);)bgt use a Pl}zlmk ghaugiizﬁdocr:lhte}cl:‘l: ltohfi tt;::)\éc;}
at each station on the timber with each s o or malln
tem and sternposts long at the top, g
ptlans. v(v:}‘:;nt::ttgng up; the stemhead can be marked, but tt)he slh:}}:e
?nagymay be done after the deck is laid. Take care to beve

mal‘k t
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Avger fo vse

for hard or knotly wood,

or wet £ green, or &
with grain, welfh;/c’g};’//rf-"
For Joiner work K phwnking
we "Dovble Cufter,”

For Shatt Logs, leng, straght .
hotes, el for et ';ZZ»; . Single Cuter  Double Cutter Shf:h'
s " Barefool*

Yimber, vse “Bare ool

For dleep holes in fough-

grained wood and fo g
plvgs in planking, vse

“Ship, with screw,

s Welel

B8if

Jig for boring shaft log

Stock

35. Augers

:tue:fp.r?pgrly sc;1 that the width of its face

airly nto the width of the keel bottom. If there i

‘t:lmg'd, cut the slot in the keel allowing for theel;:r;i: C:;l tt‘;::

Iteis gveesl,ry (:rrn ;r::g;:ish as sl}xlowln hi) the proper keelpiece template
) at the slot be straight and in li i :

center line of the keelpiece. The slot is d boring holns

. cut by first bori
along the slot and then opening up with saw, Zhisel, a:cli.us}l%cll:?les

, or forward edge, will

The Backbone—Setting Up 149

Constructing the Transom

The transom is next to be built. If the transom is of a single
lank, it is made up from the pattern and the cleats or side frames
trached. If the template was made to the molding face of the
rransom frame, the frame is first marked and shaped, then planked;
the whole is then beveled, or left square to be beveled when set
up. If the transom is curved, the frame is sawn to the arc of inside
o? transom plank shown in the half-breadth plan in the loft, then
shaped by bending the transom template to the face of the frame.
The transom planking is then steamed and bent over a form hav-
ing a little less radius than the arc of the frame. The steaming of
timber will be described when framing is discussed.

The sharper bend in the transom planking is to allow for
straightening out, which will take place when the planking is re-
moved from the form. Usually the radius of the form for bending
the planking is around one twenty-fourth less than the radius
of tﬁe transom frame. Little need be said about framing the
transom. Flat-bottom craft usually have transoms of either a single
plank, or two or three cleated together. Sometimes two-plank
transoms are doweled or drifted together instead of cleated. In
large flat-bottom boats a transom f%ame is required; it may be
notched for keel, clamps, and chines. If the frame is not notched,
the ends of the clamps butt against the frame and are secured by
knees, called “quarter knees.” Sometimes a center batten is also
used, on which the stern knee at center line of hull will bear. The
chines do not require knees at transom as the bottom planking,
when nailed on, acts as a bracket or knee. V-bottom transoms are
framed in a similar manner to flat-bottom transoms.

In large boats the transom frame is halved at chine and sheer;
in small craft this is not necessary. Flat-raking transoms for round-
bottom hulls have frames differing little éom V-bottom tran-
soms. Vertical-curved transoms usually have two or more stiff-
eners on each side of the center batten; all are halved or notched
into the transom frame at bottom and at deck. The clamps are
butted against the frame and secured with quarter knees. The keel
is notched into the frame. Raking-curved transoms are framed
about like raking-flat transoms. The keel is notched into the frame
and there may be one or two center battens for the transom knee,
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or a heavy center batten and knee with stiffeners outboard on
cither side. If the transom is large, the frame is halved at the butts;
cleats are used occasionally instead of halving. If the transom
Planking is reasonably heavy, the transom frame need have no
eat strength at the butts and joints, since the planking will serve
a5 cleats when secured to the frame.
In the oval transom it will be necessary to fit logs at the sheer,
running fore and aft, in order to have means of shaping the
rumble-home of the quarters. This log is sometimes secured to the
transom by quarter knees let into the top of the log and resting
on the transom frame under the deck. In other cases the knee
is secured to the inside of the log; the position depends upon
where the deck actually is in relation to the sheer. When a few
wide planks are used to make up the transom, the seams should
be backed with a seam batten or a spline. The frame of curved
transoms must be sawn to the proper curve at top and bottom.
The sidepieces can usually be shaped out of plank.

The method of fastening the side and bottom planking to the

transom is usually specified in the plans; if not, common sense is the
best guide. It is common practice to bring the planking past the
transom and saw it off flush with the transom face; this is the
“lapped” method of fitting. The sides and bottom are nailed, riv-
eted, or screwed to the transom frame, with two fastenings into the
ends of the transom planking, in each strake. The “rabbeted”
method of fitting is used on highly finished hulls; the planking rab-
bet in the transom is cut as the side and bottom planking is laid on.
Usually there are two small fastenings, driven through the transom
planking and into the ends of each side and bottom strake to keep
the rabbet closed; the main plank fastenings are driven into the
transom frame. Double-planked transoms are usually rabbeted;
only the inside transom planking is put u with the frame. The
outside transom plank is not put on until the side and bottom
planking is in place and trimmed off, projecting a little, along
the transom edge. The outer planking of the transom may be
easily marked when clamped or shored into place, then removed
and accurately rabbeted.

When finally fitted and placed, the two layers of transom
planking are secured together by marine glue and screws. The
same result is obtained by means of a veneered transom. In this
construction the inside planking is put onto the frame and the



€ss transom suitable for varnish fini

used in powerboat construction and js rarely seen in sailing craft,
Rabbeted and veneered transom construction requires a good
deal of skill and great care in fitting; it is probable that few amg.
teur builders would attempt to build these types of transoms un-
aided. As far as practical considerations are concerned, the lapped
method is as good as any, since it is strong and lasting. In very
large vessels, over 6o feet long, with planking 2 or more inches
thick, it is customary to miter the ends of the transom p]anking
into the side and bottom planking; but this never should be done

on a small boat, Occasionally the side planking 1s rabbeted into

the transom plank—in smal] boats, when there is no transom

frame; but the practice 1s not good unless the transom is unusyal]
thick. Screws, nails, or spikes are used for fastening the transom

frame together, bolts being required only in the knees. Large
vessels have their transom frame bolted and drifted.

Centerboard Construction

The centerboard con
ans furnished by the desi

Xcept in large craft, the strains
S€t up on the case, when sailing, are not very great. The center-

board is usually rectangular in shape and is Pivoted at its lower
orward corner. The lanyard is attached to the after part of the
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d after ends. This will prevent the board f}x"oml :liip:gagt.
fore o2 d is large, it is best constructed when the ph s that
ftf thei?(;i narro&r.’These may be edgq—bolte:i ‘:cﬁagndp:) ce IS
o h-edge bolts driven a : f the
;et u:i ptlzge’tothlfgtt?r:.m'lg'he d%ift bOltlsd(i:n fbet eqnl::(tiews;?sl}"/;?indclh

o e i ick should be fas _
ameter; bo:;i ll:/tg-ilrrn?e:og:lcgl:zfvanized. .The 'hoilei fort ::aqll‘l}:%
dlame:ieri’ft:vshogld be about %g¢ or 1345 inch in hamt:) ne.third
d?ese g f any edge bolt should not be greater t an1 ne third
g f tg’e smallest timber fastened. This is a ru e ha wI;l]
d;ie _:lldnl I;%l ?ieadwood and keel fastenings. Other proportio

e
ge e 1 laéetr). llast for the board should be near the lov;')er ajtg
The lea u:re or rectangular hole is cut thr.ough th_tlt( o;;iven
e eive it s'cll'he lead can be held in place by n:nls or Sp:j i iriven

e ind lt}; inside of the hole before the lead is poure .h pette
arqunfi oy :::Smfer the sides of the hole on both sides of_IEhe ; (; d i;
?:lfsctlrzt: gf—section all around thfi ¢lad%es ﬂt:l;?d}:;l:,a lev: ! eafter

i i oard laid o , afte
oured mtootrh \enlllgtl;'sz’il:};ft }tll(::) hole has had a plank tac(liced o(;'fert }1lte

;lflet}l:: ttt)(;ﬁlast casting is large, pain(; fthe br(:;:v il:éi eeg ggsesetc.) he

i ed for & .
- WItzng;;;.gg;flr(iﬁihbzil;i in onepopera:tion; this requires
reve?lt le amount of lead to be melted at one time. N
the ¥ o t bolt must be bored so that the board w lsv‘./mg1 it
Lhe Plvol The plans should show where nhe bo t1 is pcure(i

Ah proplt):r );d should have a bushing for the pivot boft, se red

- heavg' 0: A very fair iron bushing can be made thw};) gnge

o the l(:ar'n the flanges let into the boa.rd on each 5}11 e. I11' nze

ﬂangeS,d ;)mh% are the highest specification. Wroug t-llrohould

b o i;l Sn eg alvanized, are the next best. The bo 5 3 ould

i plp; flthgw':ls%ers one on each side of the board an (;In on

be ﬁtts:d WIf the case. ;\ lock washer may bq nsed und.er t (e)ver-

o Slb elto may have a tendency to turn..Thls is sometlmesOOden

o theb0 'nya carriage bolt; the head is covered by a w fen

cloat yilrllﬂw%lite lead or wicking and secured to the case w;

Cet SetThe nut may be covered in the same manner.l e

SCI;_VhV&l ard is secured to the board by an eyebo t,do'r i e

ehan};he board is small and light. When the boarh ;s eneZi”

gv% :ra;)r; one on either side of the board, and through-fast ,
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are required. The straps may b
. Yy be made of flat-h :
::;ii O‘R;ggh; lsr}:);:a gr bronge. If Eo drill press is avaiﬁablear; g:;::tn:iﬁ?
d - » round-stock twist drills wil] serv ,
tmhartn:::el' The straps should be let into the sides :f tt(;leb %l:m}-l; tes
suﬂicienzr tare nearly fush. The length of the straps should bsg
the plank I?C)I():LT;; thehlower throufgh-fastening to pass through
W the top one of the board
of the straps should stand h? h oard, at least. The to
Foom or 3 bole and shckle, or e e, BOEFd €0 i
extrertn:I (;’ar d is very heavy, the lanyard should be of chain, If
place of Z’ la;;‘;i"a-tl:;isb?ardl'Shou(;d be fitted with an iron rod in
bolt in the strape a,t s :s Split and welded to form an eye for the
b A op o_f the board. The rod to1
b(})’a:;ei:f an Ey le “n-an-eye, if necessary. In some rsnn":z’llb:r’a?tnttﬁd
board bu?(i)st al: olali;:g, tsofthe rog 1S not only used to rajse th:
. 0 torce the board
nent 1s made to hook or lock the h:r?éle (3)(1)’“;2;3 sr.glc]l]ewixr;:ntgl:

Dagger Boards and Other Types
ft are sometimes fitted with “dagger boards.” These
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marked slope or “drag” to its bottom profile, deep aft and shal-
Jow forward, so it will rise if it touches bottom. If the bottom
of the board is not rounded, it is common practice to finish it off
with a fore-and-aft cleat. The forward, or “leading,” edge below
the keel should be slightly tapered and rounded; the after, or
“trailing,” edge should be fined down and faired thin in the well-
known streamline form.

In recent years designs have appeared with centerboards shaped
somewhat like the letter L, or inverted T. The upright arm of
these boards is used to form a lever by which the board is raised
and lowered; the lanyard is attached to it. In L-shaped boards,
the arm may be fore or aft in the case. The blade of the board in
these types is under the cabin floor. The obvious advantage of
such designs is that only a short case is required for the arm of
an L or inverted T board and so cabin floor space can be utilized
to the best advantage as far as joiner arrangement is concerned.

There is one serious disadvantage to these boards, however;
their cases are hard to keep tight and form excellent nests for
worms and a breeding place for marine growth. Since the greater
part of the case must be closed, inspection is Practically impossible
except by hauling out the boat and dropping the board. These
boards seem more likely to wring and twist than the rectangular
shape. Metal boards are sometimes employed; they are satisfactory
in small craft but much less so in large boats, This is because the

metal board is easily bent when touching bottom, particularly
when the boat is large enough so that the jammed board will not

lift the hull,

Size of Fastenings

The fastenings used in the board may be worked out by rule
if no specification is given in the plans. The through-edge bolts
used in the ends of the board, and the drifts, should not be less
than one eighth or more than one third the thickness of the
board; the diameter of the pivot bolt is one half the thickness of

the board.

Pivot Bolt

The location of the pivot bolt should be governed by the plans,
of course. However, one observation must be made. The pivot
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that it will be entirel
Y out of the slot, except f 1
at the forward end, but will also swing slighI:ly (a)::‘r::sn;ilel stlr;::glg

jam. In this condition the boat will nej
' will neithe

igfecsfslm-ogvner has an exciting but un;lzzzzgtng:ntal%e o
umb for placing the Pivot was one sixth the .leng:ho(l)(}

pivot is low—say, in the keel outside of the
down and forward so far
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the board from the fore end and from the bottom of the center-
board.

Centerboard Case Construction

The case is undoubtedly well detailed in the })lans, but the
cut (page 156) shows the most common methods of fitting. Light
cases, such as used in sailing canoes and dinghies, are made of two
thick planks fitted to the top of the keel; these are the “case
Jogs.” Ei‘hey are secured to the keel by long screws, lampwicking
or flannel, well soaked in paint, having been put between the
keel and the logs. The endpieces, or “ledges,” or “head blocks,”
are run through the slot to the bottom of the keel; usually the
tenon so formed is about half the fore-and-aft width of each
ledge timber. This stiffens the case and protects the open grain of
the keel at each end of the slot. The tenon may be carried flush
to the bottom face of the keel, but if there is a shoe or rubbing
strip the bottom of the tenon should be covered by this member.
The case sides can be made of thin plank or waterproof plywood,
rabbeted into the top of the logs. At the ledges the sides of the
case run by, or lap, and are generally through-fastened. The sides
may be stiffened by vertical cleats or braces; these are screwed to
the outside of logs and case sides. The floor timbers lap over the
top of the keel and butt against the case logs. They should be se-
cured to the case cleats; the latter’s location can be decided by this.
The top of the case can be stiffened by a fore-and-aft seat which
can be nailed to the top of the case sides and supported by the top
of the case-side cleats. If there is no seat the top can be stiffened
with fore-and-aft battens, if necessary.

Rabbeted Case

If the board is large and the keel is wide enough, the “rabbeted
case” is very sound construction. In this the logs are rabbeted
deeply enough so that the inside half of each extends through the
keel to the shoe. This requires a very wide slot, of course, and
should never be used if the keel is going to be severely weakened
by it. When the logs are rabbeted in this manner, the shoe is
S£iked to both keel and logs, where possible, and the logs are
through-fastened to the keel with carriage bolts. Wicking is
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placed in the rabbet, at the top of the keel, where the fastenings
Pass through the log and keel,

Common Construction of Case

In flat-bottom crafy the rabbeted logs can be used to advan.
tage. It is common, however, to use fairly thick logs resting on ¢
of thc; cross planks of the bottom, with wickipg or flanne] soaked

the nuts are €xposed on top. When the Case springs a leak under
the log, a few heaves on the nuts with a wrench will tighten the

Securing Floor Timbers to Case or Keel

outside face of the logs. It is apparently not necessary to make
such fastenings extremely strong, proba ly because the plankin :
when in place, tends to force the floors inward against the |o ,
Screws, spikes, or nails are therefore considered adequate for se.

Head Blocks, Luting

blocks need not be rabbeted or splined for the sjdes
There is sufficient surface to ensure a tight joint b

putting the case together with Wet paint or other materia] in 4]

joints and seams, This is called “luting” and many things may be

The head
of the case,
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: he standard
. int: hot tar, marine glue, or tl ]

subsumts?dtuf:er 'VI‘V;ESI;::tlis made by using the fcf;llo“tftmga(f;(’ir r::::e"j
luting mlr):tities. are by volume): to one part o A[:]l:i 3’ few drops
(the 902 hite lead. Mix until streaks dls:ia]ppear. il ohe
half.Partdwoil and work, adding more oil if nec<;1ssary:i d 2 very
of lmszehas the consistency of heavy i:ream..r;{{‘leeriv?th enough
mixeur f “turps”; better, merely spr1 ixed.
small aénouttl;rg the rnri)xture a very faint pink wll:en \Xi?i :’S“’:f’ :
red.lea 'llt(; ot harden entirely wh_en apphegi to the s; i
Th‘i vﬁudng is applied to the insu}e of ’?ll ]gm:ss ;nresult the act
jomnt. “faying surfaces” and, as .

Sl;rlf a:i:lsgairsecl;ﬁgc‘lv 2f:;ing.y” P%ot tar, or pitch, is sometimes used
of 1u

for the same purpose, but is annoying to handle.

Bracing the Case

1l secured at the
d block or ledge should be we ] ;
Th? forsgglr: ?te:hould be carried up to the detc):k or c:liglc]r(;);)g
f)(;g;nls PS(;muld’it happen to fall blcztwienl t(\ivg?t e;?]m?s required_
. i ket to take the le .
P}!gcﬁff:rnlr::ldggv c;:)}::sans:tc need to be extended above the top of
e

the case.

Cases for Large Boats

he sides made

enterboard cases should have t :

harge ;nd rl::::g’v: stuff, which should be edge-bolte;i gs cssetair;

UF o t‘la:;: logs. The tenons at the bortom of tiie € gwaters

Eriise l?:lted througk: the keel athwaﬁtsﬁg’sﬁ Ifogo:vs;:t:’ ;cl,cpif pos-

- : ould be ¢

should be worked in. ;if:; tlﬁggﬁerss ts strake of the case sides, above

sible. It is common to bove. This need be done
logs, somewhat thicker than the next a h rowness of

thciyogrs}’nen the logs are on the light side, due to the nar

on

the keel.

Off-Center Case Construction

d case off center,
it 1 to place the cer_lterboard an ¥
1 X ltt}lnsens‘itszsf;r{he kzel, the log 1s-usua.lly dopt:llede?lnf:)l;z 2;1 ;
T f the keel; the doubling piece is carrie: wf re and
a}):aoyf t;::n::ase and is notched over each intervening frame;
a



tb(;ztt 3{ ;:ut;l in tlhe ]:)_otto_m of the outer log (outboard of the kee)
The head bl}()):]?s :;_g lnstqag of merely lapping with the plar:'k)
. € car, e ) .
their outboard ends are nl;leetal;?l :ge outside of the plan
tenon formed. It is usual to back up the head blocks fore and

aft of the case, with filler blocl:
ate log-doubling o Al :rrs | l;)oc:\sdﬁi;ted between the extensions of

Rudder C Onstruction

T
be m}::zi zlffd:r §holuld be made up of narrow stock if too large
first ot single plank. The pieces making up the rudd oo
edge-bollzed E:))gt:;i pl'ofi_lt;1 s(tlruck off in the [oft plans andeihaer;
er wit ifts. i
the firet plank drifred vy 1 thje-lnt:lie—l;lti ts;:glédls first made, then
one plank in the rudder, it is still desirable to
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in the transom of some boats. The bolt on which the rudder pivots,

if there is no pin on the pintles, is made in a number of ways. In-

dividual bolts are sometimes used, but the best practice is to use a

Jong pin going through all the pintles and gudgeons; this will al-
jow the rudder to rise without destroying the blade or the pivot-
ing arrangement. The top of this long pin, or rod, may be finished
in an eye or bent and stapled into the top of the post or transom,
after being bent in a hook. If there is a propeller close to the rud-
der a stop must be fitted to prevent the blade from fouling the
wheel. This can be made of two oak blocks, beveled so that their
after face is approximately 35-45 degrees to their base. One of
these is placed on each side of the sternpost, with the blade of the
rudder confined by their beveled faces. They should be located
close to the water line, parallel to it, and well fastened. It is usually
necessary to locate them below the water line.

Rudder Braces

The pintles and gudgeons, sometimes called “rudder braces,”
are made of bronze, or wrought iron galvanized. The pintle, prop-
erly speaking, has a pin which enters the female gudgeon and
forms the pivot. However, it is common to call a brace on the
rudder the “pintle” and one on the sternpost the “gudgeon,” even
though they are actually made from the same pattern. Pintles and

dgeons are let in flush in rudder and post. They are through-
bolted except when the end fastening of a gudgeon is in the plank-
ing; there a large screw is driven.

Rudderstock Types

Rudders are built with wooden or metal stocks when in the in-
board position. In this case the stock passes through the counter
or stern overhang by means of a built-up trunk of wood or a metal
tube. Wooden-stocked rudders are usually built when the vessel
is large. Metal-stocked rudders are used for sailing yachts and

powerboats as a rule.
Wooden Stocks

The wooden-stocked rudder is made with the stock running
the full length, in one piece, from rudderhead to the heel of the
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38. Rudder Details
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being shipped, it is “locked” by means of a block inserted in one
of the notches so as to fill the space between the bottom of the
notch and the underside of the gudgeon. This block is held in
place by a screw driven slantwise into either side of the blade,
through the block. The lock is usually in the top notch if there
are two sets of braces, in the middle notch if there are three and
the boat is deep. It should be easily reached from the ground when
the boat is on the railway. The forward edge of the rudder blade
is beveled on each side to allow the rudder to swing without bind-
ing its edge against the sternpost. The latter is sometimes beveled
slightly to match the rudder. The forward edge of the rudder
blade at its center line (inside the bevels) should be close to the
sternpost, not over % inch in a large vessel.

The building of this class of rudder ‘?roceeds as follows: the
stock is made up as to shape, then the first plank of the blade is
shaped and drifted to the stock, then the next. When the blade is
completed, the rudder is fitted with the pintles and the necessary
notches cut. Then the fairing of the tralling edge and the bevel-
ing of the forward edge are finished and the pintles fastened in
place. It is important to regard the following points in building
this type of rudder: the weakest place is just above the upper

intle where the rudderstock tapers from the round to the blade
very quickly. There should be room for two drifts without cut-
ting away the wood to a dangerous degree. In other words, the
blade should run up on the after side of the stock so that its top is
as close as possible to the bottom of the counter and yet permits
the blade to be lifted out. Care must be taken in selection of the
proper width for the stockpiece and in cutting the notches for the

intles. The latter must not cut through the stockpiece; in fact,
it should not be deeper than half the fore-and-aft width of the
stock in the blade section. The top of the sternpost must be hol-
lowed to take the offset of the round portion of the rudderstock.

Metal Stocks

Power craft usually have a wooden or metal rudder blade fitted
to a metal stock. In high-speed motor craft the blade and stock are
usually in a unit, cast of bronze. In cheaper and slower boats the
blade 1s made of a metal plate inserted in a slot cut in the bottom
of the stock and secured with rivets or by welding. The stock may
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be of galvanized wrought iron or of steel, but the best is bronze,
of course. Both types of plate rudders usually have a small amount
of area forward of the center line of the stock; they are called bal-
ance rudders for this reason. In workboats and sailing craft the
balance rudder is usually made with a plank blade and metal stock.
The stock is bent aft on each side of the blade to form a lever, In
sailing craft the blade for this type of rudder can usually be made
of a single plank. The stock runs through a tube in the counter.
The balance rudder can be fitted outboard; its construction and
hanging follow the usual practice for outboard rudders.

Metal Stock Construction

The metal-stocked rudder is generally made with a Tobin
bronze stock, though iron is used on rare occasions. This is bent
to shape, if required to pass around a propeller aperture, and the
head is squared to take a tiller or quadrant. It is then bored for
rudder-blade bolts. The sternpost is hollowed on its after edge.
The forward edge of the rudder blade is also hollowed for the
length of the stock; if the latter does not run to the heel of the
blade, the forward edge is rounded to fit the hollow of the stern-

ost below the stock. The planks forming the blade are then fash-
1oned and edge-bolted, the piece nearest the stock being prepared
first and the others fastene(f to it in the usual manner. The whole
assembly is then bored to match the stock and through-riveted or
through-bolted. The heel of this form of rudder may be fitted
with some form of pintle casting, with a gudgeon to match on
the post. The gudgeons are mere straps passed around the stock
through small slots cut in the fore edge of the wooden blade, aft
of the stock. These straps are passed and secured after the rudder
is shipped. They are through-fastened in the sternpost. If castings
are required, the designer may be able to furnish them or refer the
builder to some foundry having patterns. If this is not possible, a
pattern must be made; this is a job for a professional patternmaker.
In shallow hulls the metal stock is sometimes short and the blade
is steadied by a heavy strap passed around the stock, riveted, and
brazed, or made as a casting and fitted to the bottom of the stock,

If iron or steel stocks are used, the strap is usually welded and no
casting made.
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Fairing Rudder Blade

Deep rudders should be well faired along the trallmg_edge, as
a rule, but apparently this is neither necessary nor desirable in
shoal rudders, if the area is properly designed with this in view.
The hollow sternpost should be carefully fau'ed. and shaped so
that the rudder will not bind when t_urned. In firting any rudder,
reat care must be taken that the pmtlgs or straps are correct}y
lined up and the stock is straight so that it will revolve truly on its
axis. The size of fastenings in the rudder blade follows the same
rule that was given for centerboards.

Rudder Trunk

If the rudder is inboard, the tube or tn_mk for the stock must_be
repared. The trunk used on large craft is made up somewha.t like
a centerboard case, in some boats. The forward head block is the
sternpost hollowed for the stock, inside the counter, and an after
head block is tenoned into the counter’s keel (Falled the horq—
timber””). A hole is drilled for the rudgierstoc]g in the lagter. This
is carefully lined up with the post outside and is lined with a cop-
er tube the depth of the horn-timber. The sides pf tl}e trunk are
then planked fore and aft with splines or w.orked in with feathers.
Another construction is made by fastening vertical planks on
each side of the sternpost, extending a short distance aft of the
after face of the latrer. The sternpost is ﬁrsg hollowed ‘for the
rudderstock, of course. The after head blpck is rabbeteq into the
two sidepieces and all three are rabbeted into the horn-timber, at
their heel. The after head block should be driven down_the rabpets
from above. Splines may be used instead. of rabbe_ts in the sides
and after head block. There is no great dlf’fergnce in either form
of construction, as far as any real advantage is concerned. Bot.h
may be made tight when properly fitted. The disadvantage of this
form of construction is that worms and rot may destroy the trunk
in time. To prevent this, some builders run a sheet-copper tube
liner through the trunk; this is only necessary when the counter
is so low that water is always in the trunk.
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Rudder Tube

Metal-stocked rudders require tubes, as a rule, and the construc-
tion is very simple. The tube is cut to length, to extend from 5
little below the tiller or quadrant to the bottom of the keel or
horn-timber. The lower portion is threaded the depth of the horn-
timber. A hole a little smaller in diameter than the tube is then
bored, taking care to line jt through the horn-timber so that the
rudderstock will hang correctly when in place. When the hole
1s bored, the Pipe or tube is then screwed into the hole. It is an
excellent plan first to paint the hole or to daub it with white lead
before starting the pipe. The size of the pipe is usually specified;
it should be from % to % inch greater in inside diameter than the
diameter of the rudderstock. It must be of the same metal as the
stock. The head of the tube 1s held by deck blocks worked in be-
tween the deck beams and by a finish block shaped to the roper
rake of stock and to the deck, above deck. In power craft, and
those with tiller below deck, the head of the tube is held by a
thwart, or plank run athwartships, at the required height, This
should be notched into the frames on either side and supported
by two fore-and-aft battens secured to the frames. This thwart
must be well fitted and strongly secured. Sometimes a bearing or

is well under construction, but it is necessary to know how the

rudder is hung and fitted now so that the work may be planned
ahead.

Mast Steps

If there are masts, and Steps are required, they should be shaped,
patterns made from the lofr drawin being used to shape and
notch them correctly. The tenon socl%et for the heel of the mast
can be cut and drain holes bored, These should be so arranged that
the socket will drain completely, when in position,

Shaft Log

The shaft log should be shaped and bored before the keel s as-
sembled. The following is usually the easiest method. The manner
of constructing the log without boring a shaft hole has already
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i in the lofting of this member (page 140) and re-
be?nesdﬁgufsssghg :'eferenceg;lere. If the shaft hole is to be_bored,
ulrlo is first shaped and the center line of the shaft hole is care-
;hfl sgtruck off on the timber from the templa;e. The center line
g h)::n duplicated on the opposite side of the timber and squared
" tos the inside and outside edges, where t.he s_haft will enter and
fecarve the log. Then a fore-and-aft center hn? 1s dra\yn on tc:ip of
the log and brought to intersect the shaft hne_ at either t:]nl , SO
hat the exact points at which the shaft hole will enter and leave
:he timber are marked. A jig can thep be made of two heavy bz;lt—
tens; one of these is nailed on each‘51de of the log, Rarallel tt>olt e
shaf; center line as drawn on the timber and a.few u§chcs elow
it. The hole for the shaft should be started with a s_mgl(? cuttgr
al;ger bit in the after end of the log. Then a crosspiece is made
with a notch which will support the long stock of the ship auger
in correct line when boring. This should- be secpred to the batterllls
asshown in the cut on page 148. If a hole is used in place of a notch,
a sight line should be struck on the crosspiece. The hole for stfart-
ing the boring should be a couple of inches deep. The bare 005
ship auger bit, welded to a long st.ock or brace, can tl}en be ]l:]sf)
to complete the boring. When boring a long hole the bit shou d be
ulled out and the chips removed from the hple a number of tmtlles
while the boring is being done. If the b}t and its stock are corre§ y
lined up there should be little troublg In getting a true hgle. z} t}t:r
boring, the hole can be reamed by using a piece of iron pipe o t }‘:
right diameter and roughing its surface with saw cuts opened \Xlt
a cold chisel. Another way is to heat the end of the pipe an dtg
burn the hole out smooth. The longer the battens are exten ;:1
abaft the shaft log, where boring starts, the more accurate t iltla
boring is likely to be but the longer the stock on the auger w
have to be; and this, in practice, fixes the position of the crosspiece
or%i:d:i.ze of the shaft hole is governed by the shaft dlameter,. of
course; the hole diameter should be from one fourfh to one thu"cil:
greater than the shaft diameter, the larger hole bemg reqm.red i
a tube is used. The tube is usually standard lead tubing, ywth an
inside diameter about 20 per cent greater than _the s'haft dlamett}alr.
The hole must be slightly larger than_ the ou§s1de diameter 9f t .ti
tube so that it will enter without driving, which, of course, it wil
not stand. The tube may be cut to length when the hole is bored;
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Ballast Keel Casting

If there is a ballast keel to be cast, this should be done before
setting up the keel. If it js necessary to have the work done jn a
foundry, the casting should be ordered while the loft work js
being finished. The construction of a mold for a ballast keel that
is rectangular in section js simple. The sides are made of two plank
on edge, sprung to the taper of the keel. The bottom of the keel
can be formed by a Plank shaped and Sprung between them, at
the proper depth. The ends are completed with plank to form the
end of the ballast casting. If the sides have flare, the top of the
side planks will have ro be trimmed straight when bent angd flared
to the correct shape. If the casting is large, the bottom should be
Supported by bearers inserted under the bottom and between the
sides, of sufficient depth to reach the bottom of the sides. The top
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kes are then driven along the sides to give additional support. A
Sta

i iece; latter can then be
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For a molded keel

For a rectangular keel

39. Ballast Keel Molds

i inside of the
i ili ing the metal be certain the inside o .
diom gl:lcat?ﬁl:efséye:‘;?g%ops of water must be allow:lcli to Eg :r;
i‘ilZlifm When the metal i poured t{:e mﬁld sh?glg g% allowed o
. two,soastocoo!;t en the mold cai {
Sta:r(z f((l);;(i]:);l:;dling the casting is necessary as it will bend easily

a
i}) long and narrow.

Casting a Molded Keel

If the keel is shaped and is small, it is possible t;)1 nll::(f) : ilvgpmogdzx;
Id and avoid the expense of a pattern, thogg dt - building of
zﬁce’ mold is somewhat laborious. The mold to be desc
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Foundry Work

The melting of the Jead i
: ad requires some i i

itzl:] usfed 'S 1Ot pure, but is usually impure sgf:ﬁagzmnéfﬁgsi: e
Cheaeeromd telephone or electric cables, or pipe. This js maK
< imgox;t erllt t\lzlery nearly as hgav.y per cubic }z)ot as pure le::iuclt
of sport: At a small margin in excess of the proposed weigh

fu aalast keel be allowed when ordering the {) le dng t
oo lézut ly run a lietle heavier than estimated: allgv% al?o .tLead

per cent excess. If 3 melting pot with 2 spigot can be borxl':)\gefio

lead from spigot to mold. If
igot. - It the mold s | i
necessary as it will have to be moved f;(s)mortli%x: t?igetr;‘lﬁ%ltlhl:

pot with pigs and get a hot fire going. When the meta] js com
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way it is ossible to cast a keel of large size with a rather small
ot. The l?re can be fed with shavings, waste lumber, or charcoal;
,I:should be kept hot throughout the whole operation. The pour-
ing should not stop for a period long enough for the surface of
the metal in the mold to cool. As the metal runs into the mold one
man can skim and puddle; most builders use a piece of green oak
for puddling or stirring the metal. A skimming ladle should be
used to prevent a scum from forming. The trough should be
moved occasionally to be sure that the metal is going into the
mold evenly and that no air pockets are being formed. If the keel

is large, pouring is a four-man job.

Foundry Work, Small Craft

If the ballast keel is small and the spigot pot is not available, the
melting can be done in a small pot such as is used in brass found-
ries; the pouring can be done by using the tongs with which
these pots are handled; a temporary crane and a chainfall are re-
quirecf to lift the pot from the fire and to swing it over the mold
in pouring position. It is advisable to plan and try this out before

filling the pot.
Molding Sand

The use of a partern and molding sand is usually beyond the fa-
cilities of the amateur builder. It can be done, however. The as-
sistance of an experienced molder is the best way to learn how to
handle the sand. The pattern is placed in a trough of sufficient
size, with its top level with the top of the trough. Molding sand is
rammed under and around it as the trough is gradually filled.
When the trough is filled and the top of the sand leveled off, the
pattern is lifted out and the mold formed is cleaned and patched.
This requires a bit of patience and care. The ramming of the sand
is perhaps the most important part of the operation. The manner
of placing the pattern is the part that requires the most knowledge;
a two-part mold is a foundry job. If the pattern is such a shape that
it cannot be lifted out without breaking the mold, take it to the
foundry. Very small ballast keels may be molded by using plaster
of Paris instead of molding sand. These may be poured with a

ladle.
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Ballast Bolts

In most cases it is hardly desirable to cast the bolts in place, or
to try to core for the bolt holes, in a lead keel. It is easier to place
the ballast keel in position and to bore from above through holes
established in the keel. The boring can be done with twist drills
sold as “Electricians’ Dirills”; these fit a two-chuck brace of the
type used by carpenters. The lead can be smoothed up with a hand
Plane set for a fine cut. The ballast keel bolts should be of bronze
if the keel is of lead, of galvanized steel if the ballast keel is of
iron. The bolts should be staggered if possible, not all placed on
the fore-and-aft center line of the keel. If the keel is heavy a ballast
keel bolt should pass through every other floor timber, but thjs
is admittedly open to objections. In most cruiser designs the ballast
bolts are set up on the inside of the keel, If the ballast casting is of
lead and the bolts of bronze, then there should be lead grommets,
or washers, under the head and nut of each ballast bolt. If the
ballast casting is of iron and the bolts of steel, grommets of calk-
ing cotton well soaked in paint should be used in place of lead.
When the ballast casting is ready to be fastened to the keel, the
top of the casting can be coated with hot pitch or a sheet of tarred
felt, or canvaslaid in wet paint can be worked in instead. This will
prevent rot in the keel, in the way of the ballast casting. It is a safe
rule that all large areas of metal in contact with wood should be
insulated in order to prevent the rot that is likely to take place.
The “sweating” of metals is the cause of 4 great deal of rot in keels,

Ballast Bolts through Floor Timbers

If the design calls for bolts passed through ballast, keel, and floor
timbers, there is likelihood of leakage between floor timbers and
keel. This can be prevented, in most cases, by putting wicking,
laid in wet paint, between keel and floor before fastening the latter
in place. The keel should be well calked outside the rabbet. When
the bolts pass through the floors great care is required in borin.
for them and they must be staggered so that they will clear the
bolts that secure the floors to the keel. It is best to bore from the
top of the floors downward,

When all the keel, deadwood, and backbone timbers are shaped,
it is a good plan to place them on the loft profile drawing, if size
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i is will show any
i t, so as to get one last chpck. This wil
:::d‘::gh;? tell;gl;sssembled %imbers to gain or lose length, due to

faulty marking or shaping.

Assembling Keel

i before setting
the backbone can usuall)f be started
upAt;S: rlr:\tl)xlll:ilﬁlg stocks, unless the keel is velliy 'hea‘i,l}l’ g: t;l;:utxgé
i home-built craft are small, it will
lirgtcéhselrsl::clzoxsvtﬂl not be built until after the keel is wl}:olly talf;
;c:nbled. Obviously no direction: arle necgss;ryp::t :;)n ! gl\.vt the
i 1d go together, the loft plan and the
tl;:tt;:rizg?x?g ngx:de %he builder familiar w(lith thebproz;:; dsevtvtll&
d laps in the keel and deadwood must be paye h
Aalilnstca\;rflfi:: or ?’Ed lead, or other luting mal:enal lgeforgehl:ifgc (f;ls
’ iece is set in place, its marks are brou -
f;g: evf:‘lf t‘;:lgs}:a l::(t:ﬁe adjoinir}:g timber anq then securely slampﬁg
before boring for fastenings. If the fastenings are gxarke 3\1; tr he
timbers from the loft plan, care must be taken to bore at

quired position and angle.

Fastenings, Drift Bolts

i i is the drift
e Tt L o
t to the required length with a hac . i
il (et e ey
le;?ngl??hzé biori'(i:rll1 ble?gdrs:ll;g (;:;?stt ih:ogévsitzi} care;h'.il‘f};xeishlil;
Shan vt incheslong, che e should be ﬁ-‘éie?‘%tgul{;{idﬂgfiiﬁg
lvffzsoig ?fi:lr::e}txf)lieti};alr:)r:;f i:sog;ag:g:?gfls)%lznbe about %2 in;_:h lltits:
hanche rod I very hard wood, or hee there s dnger leks in
filg%;el:el:tt})l:it ttl:)e l::))(rf \tV;en the hole}}:ag bee:lht;?llifidt; : g}e‘r;il; 1:;;1%
llf'cs):)t, ;‘sggfzz‘cii.d’llelf: gaiz‘l,::n f::ll:::h rrllrralgss are useless, sin_ce th;y
break when the bolt is driven home. Test the clench rings by
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pounding them with a sled
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ge hammer. Inspect a clench rin
st Lece dhat i op and bottom. The latter is flat lgil:lcra1 .
b5 e topséi ::;gv;rined :m}:l c_c:iuntersunk for the dri,ft-bolztl
. ng night side up. Dri i i
heavy hammer, using a few heavy blow}s) in g;’:f:?:ng?g)‘gi;

you will see that it has a ¢ used to drive it is too light. When the head has been shaped, the
polt is driven home with its head in the countersink of the clench
ring. In order to get a neat, strong job, the clench ring must be the

proper size for the rod used.

T brough-Fastening Drifts

The same method may be used in a through-fastening. This
class of fastening should be used wherever possible. The drift is
usually driven from the outside to the inside of the hull whenever

ractical. The bolt must be cut about two diameters longer than
the hole, plus the two clench rings’ thicknesses. This will allow
for heading and riveting. The bolt is driven as previously de-
scribed, headed, and driven home. Then a helper holds a eavy
sledge against the head, if the fastening is short, while the point 1s
riveted or headed over a clench ring with a light hammer or small
sledge. The outboard end of a through-fastening should be coun-
tersunk and plugged.

] Z/ene/l Forg
1 (Washer)

1 Bore fotk

& o j—'/ﬂ:

UMM Bot?
Lareler

Copper and Bronze Fastenings, Drifts

Copper and bronze drift bolts and bronze clench rings are some-
times used. These metals do not have great holding power and are,
therefore, generally used for drifts as through-fastenings. The
hole for bolts of these metals should be bored to the full diameter
of the rod. The impact of driving will swell the bolt and it would
hang if the hole were not bored to the same diameter as the rod.
Otherwise the driving of bolts of these metals is in no way dif-
ferent from that used for iron or steel drifts. In selecting copper
or bronze rod for drifts be sure that the metal is neither too soft
40. Bolts nor too brittle; drive a test rod into some waste timber. Annealing
the rod may reduce its tendency to break up at the head and in
riveting the point.

If clench rings cannot be procured, use as thick 2 washer as can
be obtained for the requireg diameter of bolt.

by tapping the ed
e ecges of the top of the rod. The
:ﬁaigfeﬁiei ;rtx ::rvl:lllrll% vlvdl usuglll; upset the top ofe t;]r:};ggttgf;utgg
. nly require shaping, |
or breaks up, either the bo]t is driv?nlggtoj thl:;clll e::'] :E: sl?:xz(:;]ns’
er

Carriage Bolts

Carriage bolts are also used in fastening keel timbers, particu-
larly when the timbers are too small to drift or where there is great
danger of splitting. They also are used to pull timbers together
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where clamps cannot be used. *
! . These bol
and a short portion of their shanks, undz;s dfll:\'hee:gov.vned heads

galvanized stee] and bronze.

Lag Bolts

Lag bolts are really screws with 2 Square head. Made of g
they require proper boring tg b;

fl}il:rlrllﬁetrhe’rll‘}?: Il.):)rec-l for, using one half or two thirds the shank

for, IJsiné one fc:lrlr;:lllnirllxg :ﬁ:g;(hd(i)f the thread should be bored
. n ameter. is i

astening to use because of jts changes ?ne{)ogr}llés dlisa;g:;blesome

Spikes

or has a tendency to rend ;
diameter of the sy ike.r (;?ouﬁf] ?Pl;t, bore a hole seven eighths the

often employed for throy h-fasteni
bolts both in boring and r%vetia:;e.nm

Hanger Bolts

A .
and nhlft“l_gr'lesft et::lltolfs : }fl 2;1(111 % sl:g ?olt whiqh has a threaded shank
; ¢ an . or 1
tg(;ntelf eto theui beds, it is driven by tems}fg;l:lr;ll)gr ::i?igmery ind en-
jamminonzv z;l ;eﬁdy on the bolt; this prevents the lﬁ;nr?;}:e; om
g, which would happen if it were used alone for 2 dri:i(::g
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head. The hanger bolt must be bored for in the same manner as a
jag. It is useful where it is necessary to remove a fitting without

disturbing the bolt.

Screw Bolts

Machine bolts, called “screw bolts” in some sections of the
country, are sometimes used in hull construction, but more gen-
erally In securing ironwork to the hull or for machinery founda-
tion bolts. The head and nut can be obtained either square or hex-
agonal; the latter is the traditional form, in some shipbuilding
towns, for fastening the gammon iron and bobstay plates to the
hull. They are driven in the same manner as carriage bolts.

Rod Bolts

Another form of bolt sometimes used is made of rod, threaded
at both ends. It is driven by screwing a nut on the end to be used
as a head. The point is secured with a nut and washer after being
driven. A variation of this is a rod threaded at one end with the
head formed by upsetting the opposite end. The purpose of rod
bolts is to fill a need for bolts whose required lengths cannot be
obtained from standard sizes. These bolts are very good through-
fastenings and are much cheaper than having carriage or machine

bolts made to special lengths.

Boat Rivets

For small craft, boat rivets can be obtained in sizes ranging from
% ¢ inch in diameter and 2% inches long, to % inch in diameter and
12 inches long. These may be used as drifts or as through-fasten-
ings, riveted. Boat rivets can be bought enly of galvanized iron;
their heads are crowned like a carriage bolt.

Stove Bolts

Stove bolts are rarely used in keel construction, but are some-
times required in securing deck hardware. They can be obtained
in galvanized iron or in bronze, have a head like a screw, and are
designed to countersink. The nuts are square.
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the holding power of the fastening, in some timber. Remember to
stagger all fastenings; if this is not done, splitting will often occur.

Building Stocks

When the keel has been assembled, or as much of it as can be
conveniently handled, the stocks can be built. On these the hull
will rest while being built. Many amateurs make unnecessary trou-
ble for themselves in planning the stocks because of their worry
about a base line. If the deadwood is properly marked with water
lines and stations there is no reason for extraordinary alarm about
a base line. An outside base line, that is, outside the hull, must be
used, of course, to set the stocks and keel in the proper position,
as shown in the lines and loft plan. Here its usefulness usually ends
and an inside base line becomes important. By stretching a line
inside the deadwood, at any water-line level, an inside base line
is easily obtained. As there are a number of water lines it is possi-
ble to run a number of base lines, if it is found that some structure
interferes with one. The advantages of this are too obvious to re-
quire explanation. There is nothing more useless than an outside
base line, once the hull is planked; it cannot be used for height
measurements in any practical way. Furthermore, the outside base
must usually be stretched offside from the actual center line, if
the hull is built right side up, and therefore it is usually out of
reach for athwartship measurements. If the hull is built upside
down the base line is usually on center and can be utilized to some-
what greater advantage, but once the hull is planked and righted
a new base line will be required to finish the deck and cabin. It is
plain that the marking of the deadwood is the only practical way
that this can be accomplished with any degree of accuracy.

Setup

The question of how a boat is to be set up—right side up or
upside down—has already been discussed in the last chapter. No

hard and fast rules can be laid down, but it is general practice to
build a small boat upside down except when she is strip-planked.
Most clench-built (lap-strake) hulls are also built right side up.
The builder must follow the plan that seems best suited to the de-
sign and to the working space available. A carpenter’s level is re-
quired to set up most stocks; a string level is also necessary.
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41. Setup of Small Boat, Built Right Side Up on Building Horse
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serve as a base line. If the keel is straight the bearer may be leveled,
;f desired, but in any case should be straight. If the bearer is not
Jevéled, the molds can be set with a steel square from the keel or
pearer instead of being plumbed. If the keel is to have drag and so
is set at an angle to the base, it is best to set the bearer level and
to block up the keel with blocks set at each mold station. When
the keel is set in place, it is nailed or cleated to the bearer. The
center line of the stem and of the sternpost or transom is then

lumbed and each is stayed. These stays are of plank or scantling
lumber; they are best secured to a ridgepole supported by posts
driven or set in the ground to give 8 or 1o feet headroom, or se-
cured to the roof truss of the shop. Take care to get the top of
the keel level athwartships and set at the proper angle to the
bearer, or to the proper curve. After all the stays are in place it is
a good plan to check the bearer for level and the stem and stern
for plumb. The molds will be set on the keel, cleated to the top of
the keel by a block nailed or screwed to one face of the mold, and
stayed at the center line to the ridgepole. The setting of the molds
will be discussed later.

Timber-bearer Stocks

If the boat has a great deal of rocker or drag, the bearer maty be
set to the required drag, or the top curved to fit the rocker for a
portion of the length of the boat. In this case the bearer is shorter
than the hull and is supported by legs, or well-braced posts, nailed
to the shop floor or set into the ground. The bearer is commonly
made of a piece of heavy scantling on edge, and the keel is secured
to it at the ends with side cleats. The base line may be struck across
the legs or posts with a chalk line, or a piece of fine wire set up
with a turnbuckle may be used. The thickness of the bearer and
posts is fixed by the thickness of the keel at each end of the bearer.
If the boat is very heavy, posts or legs should be located at each
station. The plumbing and staying of the keel are the same as de-
scribed for the setup on the horse. Care must be taken to be cer-
tain that the base line is set level before measuring for cutting off
the posts or legs to set the bearer at the proper angle. It is some-
times easiest to lay off the bearer and supports, as well as the base
line to be used, on the profile in the loft drawing and to pick up
the bearer shape from there, as well as the bevel and height of each
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est to saw the posts to the height of the bottom of the keel and then
to cleat the latter to each post with side cleats; these are padded out
from the posts, where necessary, to give sufficient breadth for the
swelling of the keel. Of course, the posts may be selected to give
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43. Setup for a beavy boat built right side up, using posts.
Common methods of bracing shown. Posts at every station

used for a mold.

the proper width at each station, if desired. The treatment chosen
for these setups would ordinarily be governed by the number of
boats to be built on the individual stocks. For one boat there is
little value in notching, or in using posts of varying widths.

Stocks for Large Craft

These methods of building stocks would not do for a very large
and heavy vessel. In building a large wooden hull the stocks are
built first and the keel is assembled on them. First, heavy oak
sleepers, somewhat longer than the beam of the boat if possible,
are laid on the ground. They are spaced about 6 feet apart and are
laid at right angles to a center line rtzpresenting the keel of the
boat. Usually the ground is prepared for the sleepers by leveling
and sloping at the angle required for launching. This slope is gov-
erned by the weight and size of the boat and the amount of “run
she can be allowed in launching. If there is little space or insuffi-
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under any ordinary condition. As the weight and size of a vesse]
increase, the declivity decreases; a 100-footer would normally be
launched at a 8;-inch declivity, while a 400-footer requires on]

ers,
The blocks may be cleated together, or iron staples made o %-

inch diameter rod, in a shallow U, about 12 inches between points
and 5 inches from points to crown, are used. These are driven into
the blocks with one point in each. When the blocks are all set and
their tops checked to see that the keel will bear on each, the kee]
is placed on them and assembled, Sometimes the keel is given a
little sag in the middle, if it is over 85 feet long, in order to allow
for the drooping of the ends which may take place. The amount
of sag is about 1 inch in a hundred feet of length. The keel is held
in place by short shores nailed to its top and reaching to the sleep-
ers. These keep the keel from capsizing while being fastened to-
ether.
8 The sternpost is then set up, fastened along with the after dead-
wood, and shored. Then the frames are usually raised as they are
assembled on a temporary platform built over the keel and moved
as the raised frames make necessary. The first frame to be raised is
commonly the aftermost “square frame.” This frame s the one

there is a transom or stern frame this is generally rai
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anying sketch. Usually the molds are made long enough at the
tops, above the sheer, to reach the floor when turned upstde down
and set on the horse. These ends serve as shores and may be toe-
nailed or cleated to the shop floor, or nailed to stakes. It will be
found convenient to set the cross-spalls at the base line instead of
the sheer; this must be laid off on the mold loft drawing, of course,

? ' v
Cmnns i Fhdies] e o

Molds braced with fore
& aft shores to bearer t7

—— O — = " -

Ctea, )
g Legs of horse and

me/ld shores rav/ed fo
Stakes, or sleepers,

45. Setup for Small Boat, Built Upside Down on Building Horse

and the molds marked for sheer and base. When the molds are set
in place they should be cleated to the keel and to the horse. If the
keel is to be sprung to a curve the molds must be set in place,
cleated to the horse, squared and plumbed, and then securely
shored, after which the keel may be bent over them, shored to the
ridgepole or roof—and the stem and stern secured. The horse
should be built in the same manner as described for building right
side up: the center line of the boat is struck off on the top of the
bearer and the stations marked off.

Building Table

If the boat is very light, and particularly if frames are used for
molds, a building table makes excellent stocks. The table is made
of two or more planks shaped roughly to the form of the sheer
of the two halves of the boat, one of which is shown in the half-
breadth plan in the loft drawing. The center line of the boat is
marked and the stations located and squared off to it. Cleats are
then nailed or screwed to the table top at each station to which
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the frames or molds will be secured. The whole structure is placeq
on legs or posts and securely braced. The frames or molds are
made so that their tops are at the base line, which is the table top,
of course. The stem and stern are set in place on the table and fas-
tened by shores or uprights to the shop roof or ridgepole. The
molds or frames are then fastened to the table and temporarily
screwed to the cleats; then they are plumbed, or squared, and

7emporary Bre vee/
whels beer st misL Lo

Leve/—~

46. Building table, suitable for very light construction. Boas built
upside down. Table-top level, used for base.

shored. Care should be taken to get the table top as straight as
possible, and level in all directions along its surface, before cleat-
ing. Experience shows that it is very desirable to locate the table
legs or supports at each mold station, This form of stock is very
convenient when a number of boats are to be built off one design,
The cut shows the appearance of a building-table setup. The
molds must be prepared from the mold loft Plan by setting off the

base line in the building position there and building the molds ac-
cordingly.

Building Upside Down on 4 Floor

If the shop has a straight, level floor, the setup may be based on
it. This is shown in the sketch; the tops of the molds are made to
the building base line which is established in the loft drawing. A

squared to it. The molds are then set up on each station, squared,
plumbed, and shored. The tops of the molds are cleated to the
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i i 1ds

. Some pains are necessary to get the center line of the mo
ﬂl(:;:;b ((:3:31' It)he center line on the floor. This can be done by use
Pf a plumb bob if the cross-spalls and molc.ls_are propex:ly mark_ed.
%}’ a little extra work in the loft drawings it is also possible to pick

47. Usual serup when building upside down. Molds carried
to floor line; braces off center. Centerboard case not set up

with keel,

e half-breadths of the tops of the mold_s at floor level (base
i)iget)hand to set those off on th}:, floor, by which the molds should
automatically center correctly. Once the molds are in place, the
keel is set on them and stem and stern plumbed and shored. The
keel can be cleated or temporarily screwed to the molds.

Remarks

It is very important that any setup be firmly built. Not only is
the weig}lgof fhe keel and m};lds to be considered, but also the
strains caused by bending frames, ribbands, clamps, stringers,
and planks. These strains are relatively great and the molds and
backbone must therefore be well shored and braced. Screws and
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lags are often used as fastenings in building stocks and setti
molds, since they can be removed without destroying timber and
can be driven withont impact which might disturb the setup be-
fore it is wholly fastened in Place. It is very important that the
molds be set square to the center line and plumb to the base line;
no amount of care is too great. It is also very important that the
base line, if on the supporting timbers of the stocks, be marked and
referenced, as it may be necessary to remove a stretched line of
wire from time to time as construction progresses. Emphatically,
the keel must be laid at exactly the right curve, or slope to the
base line, and the stocks must be adjusted by accurate Cutting,
blocking, or shimming to permit this. It is utterly useless to be
accurate in the mold loft drawing and then careless in setting up,
Any mistake in lining up the molds and backbone not only makes
the completed boat different from the lines drawing, but also
makes trouble in building; nothing fairs properly and all fittin

must be done by “try and fir.” This always results in a botched
job.

Setting the Molds

sate for this when the ribbands are bent into place. The sketches
show how thisshould be done. The molds forward of the point of
greatest beam in the hull should be set so that their forward face
is on the station line. Those abaft the point of greatest beam should
be set with their after face on the station line. These faces of the
molds are now the planes used for the sections in the loft body
plan. When the ribbands are bent into place around the molds they
will touch only on the faces or edges representing the body plan
sections in the loft drawing, as wi% i

“dubbing” of the molds; either will result in a hull whose lines are
different from the design, not only in appearance but also in be-

havior when under power or sail, compared to a boat built cor-
rectly.
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It is also very important, in setting the molds, to check heights
of the sheer against those in the loft drawing. If there is variation
jt may be necessary to trim the notch for the keel in a mold, or to
shim one up. Theoretically, the bottom of a mold should coincide
with the bearding line on the keel; but as the bottom of a mold on
each side of the keel may end in a long, thin point, which is easily
broken or splintered in making or handling, it is not safe to use
the bearding line of the rabbet as a reference line. The mold at the

reatest beam in a hull is usually set with regard to the bevels
formed at the lower water lines. In most cases either the forward
or after face may be set to the station line at will, as there is prac-
tically no bevel required by the ribbands at this station. Occa-
sionally, however, this is not the case because of what is known as
a “raking midsection” in the design. This can be observed by no-
ticing the relation between the points of greatest beam on each
water line in the half-breadth plan in the loft drawing. It may be
seen that there is no bevel required at the midship mold in the top-
sides, but below the load water line some bevel is required. Hence
the mold should be set so that the face on the station will not re-
quire dubbing, when ribbanding. In most hulls having a raking
midsection the mold at the point of greatest beam on deck is set
with its forward face on the station line.

Stopwaters

Now that the molds are set in place, the next step is to drill and
drive the stopwaters in the keel, if this has not already been done.
Stopwaters should be made of white pine or cedar, f)r,om WKtoY
inch in diameter, and may be purchased as dowel stock from a
woodworking mill. The dowels must be cut to length and should
be long enough to pass through the keel or deadwood, with a
little to spare. Holes are then drilled in the joints and scarfs in the
deadwood and keel as described in the chapter on lofting. The
stopwaters should be a drive fit in these holes, the ends cut off
after driving. It may be well to repeat that a stopwater should be
driven in every scarf and butt in keel, stem, and stern, the seam of
which passes through the rabbet line. The stopwaters are all lo-
cated in the rabbet, between the outer rabbet line and the beard-
ing line. If possible, two stopwaters should be driven in every
such butt and scarf.
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Ribbands
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placed that its top is the sheer line if the hull is right side up, its
pottom if the hull is upside down. In a small boat the ribband
should be the same size as the rest, but in large hulls, 40 feet long
and over, it will be found helpful to make the sheer ribband a
lictle wider than the rest.

When a ribband is in place on one side, put up the one on the
other side of the hull, as ribbanding one side of a hull will pull the
molds out of line and plumb. When the two sheer ribbands are in
place, put up the next two, which should be above the sheer, then
the next below the sheer, and then on down. The spacing already
suggested can bé used as a guide, with these qualifications. Rib-
bands can be more widely spaced where the molds show that the
hull sections have little curve. At the turn of the bilge, however,
or wherever else a quick curve appears, the ribbands should be
more closely spaced. If the ribbands run too close together at the
ends of the hull they may be stopped on a mold short of the stem
or stern, in places where there is little fore-and-aft curve. Splices
or scarfs in the ribbands should be brought to sections where there
is little fore-and-aft curvature also. At the top of the transom let
the ribbands run a few feet abaft the transom and tie each pair
together athwartships with a short length of rope outside the stern.
This will require a little judgment, but it is desirable in order to
produce fair curves in the ribbands, between the aftermost mold
and the transom. It is necessary to spring the ends together a little
before tying them; the amount of spring required can be found
by not fastening the ribbands at the aftermost mold and transom.
When sprung enough the ribbands will not only bear on the tran-
som, but also on the aftermost mold, without being drawn up to it
with fastenings. At the stem and sternposts the ribbands will serve
to check the rabbet; if not completed the rabbets may be cut a
little to permit the forward ends of the ribbands to end fair in the
rabbet against the bearding. If there are quick curves in the hull,
the tapered ribbands will permit bending to the required curve
without breaking.

In rare cases it will be found necessary to use laminated ribbands
to avoid breakage. The best way to fasten ribbands to the molds
and to stem and stern is to use oval-headed screws, or lag screws if
size permits, with washers under their heads—one fastening at
each station. Usually it is best to fasten a ribband amidships and
then to work toward the ends, fastening as the ribband bears on
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the mold (except near the top of the transom, where the rib} utside of the rabbet, to permit some movement in the rib-
ends may be tied in pairs). Iti usual to spring the ribbands 3 liatgg th;fitse Ivjvll(:en filling out the deck Il)inc, by inserting a staff between
up or down as they are bent into Place to hold to a more or less bha upper ribbands. If it is not possible to fair out the bow between
regular Spacing at the ends of the hull, but the ribbands should the st}::m and foremost mold in this way, an additional mold will
not be forced so much as to bring heavy strains on the molds, tend- ; :re to be laid off in the loft plan and made to fill the hull form
Ing to lift them from the keel or stocks. The most common errop at at this place. It may be necessary to make an additional mold
1n ribbanding is to space the ribbands too far apart in the hollows gutween the transom and the aftermost mold, given in the offsets,
of the hull, near t}}e counter and along the rabbet of the keel near f;r the same reason. The curves formed by the ribbands must be
the sternpost. This mistake will breal, frames that must bear o fair and they must rest on every mold that they cross. If they do
these ribbands, when forced to the sh bend usuall required ot, a mistake has been made in either the loft plan or in the setup.
there. A ribband should be located so that it runs througK the sh lllf the spacing of the ribbands at one end of the hull becomes too
hollow that is formed at the junction of the bottom of the counter reat at any one place, and if it is undesirable to spring the ribbands
or stern with the sternpost, Ribbands against which frames wijj tgoward one another, then put in a short ribband at least three
bear when being bent, such as in the “tuck” just mentioned, and mold spaces long. Ribbands made too small will pr.oduce an un-
along the keel when there is hollow in the sections, should be fair hull when the framing is in; ribbands too large will force molds
rounded on the inside to prevent their sharp corners from cramp- out of line,
ing the frame and breaking it by a cutting action. This is often
neglected and is one of the causes of excessive frame breakage. The Ribbands Inside of Frames

The most common method of applying ribbands is to place

piace 1o daring out while =y are cooling after being bent in them on the edges of the molds as just described. In building up-
place. In some boats having rather straight sides they may some- side down, however, it is sometimes easier to use a different plan.
times be omitted. If the molds are of softwood—white pine, for With the ribbands put on as previously described, the frames will
instance—it may be noted that the ribbands are crushing the edge be bent on the inside of the ribbands and this requires working
of the molds on which they bear. To prevent this, make some from inside the hull. The other plan is to bend the frames outside
hardwood wedges and force them between ribbands and mold the ribbands and thus be able to work from outside the hull. To
from the face.of the mold that does not touch the ribband, This do this, the molds are notched to the depth of the ribband plus
e sharp piae eanda better support and prevent the crushing of the thickness of the frame, as shown in the cut. The molds are also
che bt ol ol eqting the section, by transferring some of notched for sheer and bilge clamps or stringers in the same man-
the load to the whole edge of the mold. Be carefyl not to drive the ner. The sheer clamp is located from the loft drawing and its
wedges enough to force the ribband away from the mold, how- notch cut, but the bilge stringer and ribband notches are cut by
Vi bending these members in place and holding them V&flth nagls or
. aribband or other timber r equiring great bend has a tendency clamps, marking where they cross each mold, removing stringer
to break, it is sometimes berter to bend it from amidships to the or ribband, and cutting notches. It is possible to clamp a ribband
endsat once, and clamp into place, before driving any f astenings, to a mold when the clamp will not reach to the inside of the mold
rather than to bend and fasten simultaneously. Lags can be driven timber by screwing blocks to either the fore or after faces of the
with a socket wrench fitted to 3 brace. The ends of ribbands in molds. Care must be taken in notching molds to allow the depth
the rabbet (?f stem and stcmposts should be secured with screws of the rnibband Plus frame thickness, so that the opts]de of the
of the ey ull on deck, dhe ends of the ribbands in the rabbet frames (when bent) will be in the correct position in relation to

of the stem may be held by cleats nailed or screwed to the sides of the edges of the molds. The notches are not beveled and the molds
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are sct on station lines as previously described, to all

omussion of the bevels, The advantagm of notching th: :xvufl(c)il; e

gre?tm when the hull is built upside down, but occasionally i:l:e
esirable to apply this system to a hull built right side up. The onlls

sertous disadvantage is that the molds must be completely pulleg

?%m&ﬂ Croszs J:o-{-//o (Kr7ep Prbbamat

51. Mold Notched for Clamps, Stringers, and Ribband
)  F
Bent from Outside of All s i

. apart and the ribbands sawn in two in order to remove th
heavy sheer clamp or bilge stringer is required, howevix:. tllt;xz
sybstem works veliy well and the setup is very strong when the
nibbands are in place. It is claimed that building in this way is

excell i
bi::d?: t:’ll;:n the frames must be given very hard bends at gar-

Keel Types, Flat-Bottom Hulls

The general methods for setting up and ribband;
been discussed. The various classgs (§ keel conastnlidlirclfgioanhl‘al})l\»l'1 ar‘:
quire attention, as there are certain problems inherent in each tvpe
which have some bearing on the methods of assembling or oftzpe;-
ting up. The keel structure of most large flat-bottom hulls is made
of plank on edge. If there is a centerboard the keel js made of two
members running the full length of the structure, with a filler be-
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cween that is cut in the way of the centerboard slot. The two side
members thus form the centerboard case logs. Very often these
rimbers do not run all the way to the bow, or to both .bow and
stern, but stop short. This is done to save weight. The side mem-
bers of the keel and the timber between—the filler—may be
putted if necessary. It is important that the butts be well stag-

ered, however. This form of keel is very easy to build and is very
strong. In the way of the case some care is required in fitting. This

) e
Jk’”_ - - . Ledges ron fo 5”/.11;:" :"’
" Fathr . t. . bottorr of Awl, Ve
o I L . Fis
I . et cheeks

Cherks Formm Case /051 ot

§2. Common Flat-Bottom Hull Keel; See Plate §

is particularly true of the case ledges. These run through the keel
and to the outside of the bottom planking where their ends are
covered by a rub-shoe, or plank, run fore and aft along the bottom.
In a few cases the ledges are cut off at the inside of the bottom
planking. Some builders drive a stopwater through the keel at
the seams formed by the ledges and the filler timber, but perhaps
the best way to prevent leaks is to pay the timbers of the keel
and the parts of the centerboard case with luting as it is assembled.
If the hull is planked fore and aft on the bottom, or is built of ply-
wood, the keel is notched to receive the frames. Plywood hulls
are sometimes designed with a temporary plank keel, built some-
what like the one just described, to serve as a template on the
building stocks to hold the molds, or frames, in the correct posi-
tion. This keel is really a bearer and is removed before the hull is

decked.

Keel Types, V-Bottom Hulls

Keels for V-bottom hulls vary in design. Heavy craft may have
as complicated a structure as round-bottom types usually have.
Plate 22 shows a batten keel for a heavy hull, cross-planked on the
bottom. The skeg is merely an appendage built up of narrow
stock, bolted, spiked, or drifted to the keel batten. Mast steps are
made of blocks screwed or bolted to the top of the keel batten.
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The construction is simple and cheap. Stopwaters are sometimes
Placed at the seams of the headledges of the centerboard case.

The methods of forming the ?orefoot have been discussed in
the first chapter, page 4o. The block method shown in Plate 22 is
one of the many possible variations in construction. Since the fore-
foot block should be set up with the keel, the variations will be
described now. The construction of the forefoot block is decided
by the design of the bow and the size of the timber available. The
keel batten may be notched into a single block, on which the stem
isstepped in a notch or tenon in a very small boat. In a larger boat,
where it is not practical to make the block of a single Piece, two
or more blocks may be doweled together to form the unit. In some
craft having a heavy-shaped timber in lieu of a keel batten, this
timber is carried to the rabbet of the stem by notching its end to
receive the stem timber or by notching the latter to receive the
keel. The two side blocks are doweled to the sides of the keel with
oak pins and the whole is hewn to shape. The side blocks are then

iven additional fastenings, usually nails. This is the most common
?orefoot-block construction, seen in Chesapeake Bay V-bottom
craft. The height of the block in these craft is fixed by the height
of the bottom of the chine log. The latter is edge-fastened to the
blocks. In some craft, however, the block is carried to the top of
the chine logs and is notched along the sides to receive them. The
disadvantage of the block forefoot is the exposure of end grain in
the blocks, which eventually leads to rot.

Knightbeads and Hawse Timbers

Plate 22 shows the “knightheads.” These timbers are rarely
seen in small craft. They are used in large craft for two purposes:
to give additional backing to the planking just abaft the stem and
to add strength to the bowsprit. In most craft they may be made
of thick plank, shaped in more or less of a triangle and edge-
fastened to each side of the stem with spikes or drifts. Their length
is decided by the shape of the bow and by the sections of the hull
immediately abaft it; knightheads should be carried as low into
the hull as the timber and these limitations permit. The top of the
knightheads is the underside of the rail cap or the top of the bow-
sprit in most craft, but occasionally the knightheads are carried
higher and their tops exposed. This is the old-fashioned way and
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has no particular advantage except tradition and perhaps appear-
ance. Knightheads of this description are still to be seen in some
Bugeyes and Skipjacks on the Chesapeake. They are inclined to
rot at the top, due to the exposed end grain, unless capped with
wooden blocks or sheet metal. In small crafe the knightheads are
usually wide enough fore and aft to take the hawseholes, or the
hawsechocks. In large craft, however, additional knightheads are
necessary; these are called “hawse timbers” because they back up
and support the hawsehole castings or chocks. They are made of
timber the same thickness as the knightheads and, like them, step
against the side of the stem just above the bearding of the forefoor,
or against the foremost frame. They are edge-fastened to the
knightheads and to each other. Care must be taken to locate the
hawseholes before fastening, so as to avoid driving a drift or spike
where it will be necessary to cut the hawseholes later.

The thickness of these timbers is fixed by the thickness of the
frames in the hull; the sheer clamp must run inside the knight-
heads and the hawse timbers to the stem, and is fastened to each,
These timbers are rather troublesome to fit due to the excessive
bevels required at their bottoms and where the knightheads’ sides
bear on the sides of the stem. They should be well luted before be-
ing fastened. In V-bottom hulls these timbers are more easily fitted
than in round-bottom hulls, as they step on the top of the chine
logs. There is no practical reason for fitting knightheads in a light
hull, of course. They are required in power hulls that will recejve
hard blows around the stem, as in tugboats and fishermen. In hulls
that are very full in the bow, so that there is little space between
the middle line and the bearding line of the rabbet on the bow, the
knightheads give a better chance to fasten the planking to the
bow. However, a stem apron fitted to the after face of the stem in
about the same manner as the keel batten is fitted will serve the
same purpose if made wide enough. Hence the use of these tim-
bers has been reduced to those vessels having long or heavy bow-
sprits, or large enough to require support to the hawse.

Keel Types, Light Keels

Plate 23 shows the types of keels most common in small light
craft, such as are usually buile by home builders. The dinghy keel
is made of a single timber on edge backed with a batten, or is made

team-bent

Dinghy

Batten keel

o

Motor Boat.

Mo Back Rabbel =)

¥ ﬁarre/ " Bows

sPrung Keel

7

PLATE 23. Commmon Light Keel Construction and Details
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Keel Types, Heavy Keels

The keel structure of a heavy sailing cruiser is shown in Plate
24. The drawing is sufficiently complete to require little explana-
tion. The heel of the sternpost is tenoned into the top of the keel.
This is done to prevent the swelling and shrinking of the wood
from openinE the joint. The tenon is locked with a dowel driven
athwart the keel. Usually this is of wood, but metal dpins are also
often used. The drawing shows the strongest method of building
the horn-timber, or keel of a counter. Some designs show the horn-
timber set on top of the after deadwood and drifted to it. This
is a very poor method of construction as the drifts into the end
grain of the deadwood do not hold well. If the design is for a
sailing boat, the strains on the counter are great enough to make

this method wholly unsuitable. The cheeks of the horn-timber in
the plate were to be through-bolted with carriage bolts, through
the deadwood. The drawing is sy Posed to show the whole struc-
ture, except the horn-timber, sphit lengthwise along the center
line. The filler of the horn-timber often forms the outside keel of
the counter, with the cheeks acting as the back rabbert or keel

batten.

Keel Types, Fin Keels

There are countless variations of the basic types of keel con-
struction, but the design being built from will show the required
details. There are two special types, however, that are often used
in sailing craft and which differ from the types already described.
One of these is the fin keel. The hull of a boat having this type of
keel may have a sprung or shaped keel, in a single timber, or lami-
nated. The fin is made up of small pieces of timber edge-bolted
and there is usually a ballast casting attached. The fin is attached
to the hull with long through-bolts, usually passing through keel
and floor timbers. The bolts are staggered athwartships or are

raked, and each floor timber takes a ballast bolt and a floor bolt
opposite it. This construction is necessary because of the strains
set up by the deep fin. It should be added, perhaps, that these
strains are not very great when the boat is under sail, unless the
vessel is large; the greatest strains are set up when the boat goes
aground or is hauled out for the winter. The serious disadvantages
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PLATE 24. Deadwood Plan for a 41
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in bolting through the floor timbers are the difficulties in boring
the holes for the ballast bolts in correct line and angle, and in stop-
ping the leaks that usually appear under the floor timbers. These
Jeaks are caused by water getting into the boltholes through the
sides of the fin and leaking into the boat through the seam between
the floor and the keel. This can only be overcome by careful fit-

ting and proper calking.
Tt is very important that the keel bolts be tight fits in their holes,
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53. Fin Keel Construction; See Text

but due to practical difficulties in boring this is not easy to accom-
plish, except on paper. For that reason 1t is wise to place wicking
or flannel saturated with paint under each floor timber before
fastening it to the keel. The ballast bolts should have lead or cotton
grommets at head and nut, under the washers. The top of the
ballast casting is difficult to calk, so it is a good plan to put a sheet
of wicking or canvas impregnated with paint between the keel
casting and the wooden fin, before boring for the ballast bolts.
All seams in the wooden fin, and between 1t and the keel, should
be well calked, it is a good plan to lute the pieces making up the
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4. Two-piece stem, and below plank keel comstruction used in
light bulls having “bollow garboards,” either keel or center-
board, inside ballast.

was used at one time in the old Tancook Whalers of Nova Scotia.
It is also used in some small fishing craft in the United States. Can-
vas or wicking saturated with paint should be placed between the
inner and outer keels. The plank keel is not suited to boats having
outside ballast.
Laminated Stems

In some cases it is easiest to build up a stem, or a sharp stern, in
two pieces, to avoid the labor of rabbeting. The inner stem is set
up on the stocks and the hull planking allowed to run by it.
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The keel and molds are now set up on the stocks and the rib-
pands are in place. Before describing the framing and planking
of 2 round-bottom hull that is the example of construction, the
succeeding two chapters will be devoted to flat- and V-bottom
construction. Before leaving the keel structure, however, a few

remarks and suggestions are in order.

Remarks and Suggestions, Timber

In ordering timber for the keel, in fact for the boat at all, insist
on air-seasoned stock rather than kiln-dried stuff. If air-seasoned
stock is not available, as it probably will not be, it is better to ac-
cept the partially unseasoned stock received directly from a saw-
mill. Kiln-dried stock will swell and shrink very markedly and
will therefore cause great difficulty in a boat after she is com-
pleted. If the boat is built under cover, kiln-dried decking can
sometimes be used to advantage, however. If the home-built boat
is small, the timbers will not be large and the partially seasoned
timber from the mill will dry out quite fast. Another matter of
importance in ordering timber for the keel is how it is sawn. This
is not of great importance in very small boats or those having lam-
inated or built-up keels, perhaps, but in a boat having a long keel
in a single timber be careful to order that the “heart is to be
boxed.” A boxed heart timber has the heart of the tree inside the
stick. A timber of this description will not take a “cast” or become

ermanently crooked when seasoning; neither will it “cup” or

Eecome bent across its greatest width. Nothing is more trouble-
some than a keel which is not straight and it 1s very difficult to
spring a crooked keel into the stocks.

Marking

Another thing that is important: do not scribe the face of a
timber (such as the face of the stem, or the top or bottom of the
keel) along the grain with a timber scribe, scratch awl, or other

instrument. Such a scribed line will often start a severe
check, particularly in green oak. It is safest to do all marking on
the keel and other timbers of a boat with a carpenter’s pencil.



22 Boatbuilding
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Clear Stock

In choosing stock for the keel and heavy timbering do not ex-
pect to get all clear stock. This is a favorite specification with
some designers, but, if followed, would result in a fortune being

ent on timber; and then the boat would last no longer than one
puilt of timber having a few knots, if reasonable precautions were
taken. Perfection is easy to demand but very, very difficult to
obtain, Long timber, clear of knots and perfectly sound, is some-
thing that exists largely in imagination, not in boatshops or yards.

Paying and Preservatives

Be careful to pay all joints in the keel and to plug all unused
holes made by temporary fastenings or accidental dri hnﬁ Due
to the lack of well-seasoned timber, many builders paint the keel
and deadwood inboard of the rabbet with creosote or other wood
preservatives. Care should be taken not to get the creosote outside
of the rabbet on the stem and stern above the water line as paint
will not cover it well. If an accident should happen, wipe off the
creosote at once and put a little aluminum paint over the spot
after the creosote has dried. Creosote is rather dangerous to handle;

do not get it in your eyes.

Squaring Molds or Frames

In setting up molds and sawn frames, the method of squar-
ing to the center line used by old-time builders is worth knowing.
A nail is driven on the center line on top of the keel a few feet
away from the mold or frame. A measurement is made from this
to the sheer or a water-line mark on the mold or frame on one
side, then checked against the mark on the opposite side. If the
frame or mold is square to the center line the two measurements
will be the same. Many builders do not cut the rabbet in the stem
until the ribbands are being put in place; then each is notched into
the stem at the proper bevel. These notches are then joined with
a faired rabbet, cut with chisel and slick. There seems to be no
Farticular advantage in this, compared to cutting the rabbet be-

ore setting up, if the loft work is done with reasonable care.
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Checking

If a boat is built slowly, it is probable that the kee] timbers wi])
check somewhat; painting with orange shellac will prevent serj.
ous damage. If the checks are large enough to warrant filling, use
deck-seam compound or luting; do not use anything that sets y
hard and so prevents the wood from swelling tight again. The
Practice of filling checks or rents with white lead or putty is occ -

sionally the cause of rot. If creosote is used there is no need to
fill the checks.

Boxed Frames

_ If the heel of the frames are to be let into the keel, “boxed,” that

s, use a piece of framing stock as a gauge to ensure a reasonably
close fit.

Sternpost Tenons

In fitting a tenon for a sternpost, drill athwart the keel, through
the mortise, before step})ing the post; then mark the position of
the hole on the tenon of the post with an awl or pencil. Remove
post and bore hole in tenon about %6 inch higher. This will cayse
the pin to pull the tenon into the mortise when the fost is stepped
and fastened. In a small boat %-inch oak pins, cut ong and with
a slightly apered point, should be used.

Fishtail and Gripe Plates

In large boats having a very heavy post, too heavy to handle
easily, a dovetail js often used instead of tenon and mortise; it is
backed up with two “fisheail Plates,” one on either side, and the
two throuEh-fastened. The top fastenings of these plates are in
the post, the bottom fastenin s.in the keel. The plates should be
let in flush. The forefoot of 4 farge vessel is also tied together with
a “gripe iron” in the same way. The “iron” takes different forms

or fishtails, or rectangular plates. These Elates are either of gal-

vanized wrought iron or of bronze, with the riveted fastenings
of the same material as the plates.
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Centerboard Slot
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Close-Fitting Timber
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CHAPTER FOUR

FLAT-BOTTOM HULL
CONSTRUCTION

Building Methods

HERE are two ways to build flat-bottom hulls. One is to

Z build “by guess and by God”—without plans. This is
the method used by many skiff builders. A middle mold

is made up with flare of sides to suit the builder’s ideas; then a
stem is made. Next two planks of sufficient width and length are
cut to a suitable shape, for the sides. These are fastened to the
stem, the middle mold inserted, and the two planks bent together
at the stern with a rope made in a loop with a staff inserted and
turned, as a Spanish windlass. The transom is cut and fastened,
the ends of the planks of the sides sawn off, the bottom edges
beveled, and then the bottom is cross-planked. A middle thwart
or two is fitted and the center mold removed. With a dash of
paint the hull is considered complete. Now this method turns out
good boats—but only after a lot of experience. By trial and error,
the builder learns how to cut the l?ottom of the side planks,
either before they are fastened to the bowpiece and bent around
the middle mold, or after. He also knows how to cut the sheer,
but these rule-of-thumb dimensions only work when a fixed
amount of flare is used for every boat the builder turns out. For
this reason no variation in shape can be figured. There is no rule
of proportion that will be practical to apply when flare is varied.
It 1s obvious, then, that this method is not suited for amateur
building, except in the roughest and most hurried construction.
It should be added, however, that in some cases it is possible to
build from a design by this method, if the shape of the sections
permits the expansion of the side planks o if a half-model is made
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55. Spanish Windlass

by which the sides may be expanded to scale. In most yacht con-
struction, however, the flat-bottom hull constructed from plans
must be built on molds and a set of stocks, like any other type.
This second method is the best from all points of view. It permits
the variation in model that makes building interesting.

Importance of Good Design

The qualities of the flat-bottom type of hull have been dis-
cussed and so need not be dwelt upon again. For certain condi-
tions and purposes there is no better type, in spite of the rather
widespread prejudice against it. As in all other types, the ex-
cellence of a flat-bottom hull depends wholly upon the excel-
lence of its design, careful building being assumed. Much of the
criticism of flat-bottom hulls can be traced to an unfortunate ex-
perience with some poorly designed example.

Lofting

Assuming that a design has been found that appeals to the
builder and fits the specifications of model mentioned in the
chapter on plans, the first step is to loft the plans. The principles
of lofting that were explained in the chafpter on this subject will,
of course, apply. As there are only two fore-and-aft fairing lines,
the sheer and rabbet, and as the sections are usually straight sided,
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there is little work involved in laying down the lines. Do not
permit this to lead to slighting the job, however, and it is well
worth while to work out the construction drawing on the loft
plans. If the sides of the boat are to be curved in section, the de-
sign will show how they are to be faired (beware of one that
doesn’t). Usually this is done by striking diagonals through the
topsides in the body plan and then fairing in the half-breadth;
in rare cases water lines are introduced. No buttocks are re-
quired and in the smaller and more simple designs there is no
keel; in large craft there must be some form of keel, which will
be detailed in the design.

After the lines are laid down and the body plan faired, the
thickness of the planking and deck is struck off, on each section.
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56. Typical Mold, Showing Fitting of Clamps and Logs

If the design calls for sheer clamps and chine logs these must be
laid off on the sections so that the molds may be properly
notched. These members are rectangular in section when roughed
out, remember, and so will require 2 moment’s thought. The top
of the chine logs, and of the sheer clamps, will not parallel the
bottom of the hull athwartships unless they are beveled, because
of the flare. The outer and bottom corner of the chine log and
the outer and up})er corner of the sheer clamp must form the
respective lines of chine and sheer at the inside of the planking.
It is usual to cut the notch for the sheer clamp square to the sides,
the depth of the clamp being taken at the inside of the side plank-
ing from the sheer. This brings its outer and upper corner to the
sheer line at inside of planking and the top may be beveled off
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after the sides are in place. The chine cannot be fitted in this
manner; the thickness of the chine log is first laid off parallel to
the flaring sides, and where the line of thickness crosses the in-
side of plank line of the bottom as a beginning point the required
depth of the chine log is set off. A line through this square to
the side of the hull is the top of the chine log. The bottom of
the chine, at the outer and lower corner, will project beyond the
correct chine line at inside of plank and can be beveled off before
the side planks are in place, or both side plank and chine logs can
be beve}:d together before laying the }l))ottom lank. If a fine
finish is desired, the top of the chine logs is bevelecf so as to parallel
the bottom; this is particularly desirable in an open boat as it
revents water lodging on t? of the chine, in the angle formed
y it and the inside of the side planking. If there is no chine log
or sheer clamp it is a good plan to loft battens in their place and
to notch the molds for them. These battens will help a good deal
in shaping and beveling the top and bottom of the side planks.

Picking Up, Molds, Bevels

The picking up of the stem, stern, and keel and the building
of mol(g have been described in the chapter on lofting. The rab-
beting of the stem should be lifted from the loft plan and the ex-
pansion of a raking transom should be developed there; there is no
more reason for “try and fit” construction in a simple flat-bottom
hull than in an ornate round-bottom cruiser. The number of
molds required is governed by the shape of the boat. Experience
is the only guide 1n deciding on a minimum number; it is safest
to make a mold for every station shown in the loft body plan.
The making of the molds for flat-bottom hull construction is too
obvious to require explanation. Four or five pieces of timber will
be used in each mold; be certain to get the molds strong enough.
Where possible, a bulkhead should be utilized to take the place
of a mold. This saves bother in fitting a bulkhead later and en-
sures a stronger boat. The bulkhead can be laid out in the loft plan
and made to the proper fit and bevel without difficulty before
setting up. The bevels of a flat-bottom boat can be lifted directly
from the loft plan with an adjustable bevel, using the bottom or
chine line in the profile, and the sheer and chine in the half-
breadth plans.
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Stems

Stem construction in flat-bottom hulls varies a good deal. The
most common in yacht designs is the regular rabbeted stem. In
some cases the la_mi'nated stem is u_sed, shown in the cut on page
209. Another variation of the stem is the “New Haven style.” This
is made without an outside stempiece and is best suited for straight
stems (without any curve in the profile). The inner stem is a
piece of oak, triangular in section. The sides are cut with mitered

57. New Haven Stem Construction

ends and are fastened to the inner stempiece with screws or nails.
The miter permits the ends of the plank to form the sharp edge
of the cutwater. This is covered with a sheet of brass bent to
form an acute angle and secured to the planking with brads or
countersunk screws. By shaping the brass in two pieces and braz-
ing these together it is possible to build a curved stem in the same
manner. This form of brass cutwater was once popular in high-
speed powerboats, though built with rabbeted stems. The brazed
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plate is rather troublesome to build, however, if for a curveqd
stem. When the brass cutwater is used, its after edges do not
parallel the line of the face of the stem in profile; the top, at the
sheer, does not reach as far aft as does the bottom, at the chine.

Sterns

The three common sterns in flat-bottom boats are the transom
(either plumb or rakin% , the sharp stern, and the round stern,
The transom stern has been discussed in the chapter on lofting,
The sharp stern is made like the bow. If the rabbet is straight, it
is little trouble to fit the side planking in one length into both the
bow and stern when these are set up on the stocks. If the rabbet
is curved in both stem and stern, there is usually some difficulty;
if only one is curved, fit that first and the end with the straighe

58. Round or Elliptical Stern Frame

rabbet can be easily fitted afterward. The round stern can be
made actualllkl round, viewed from above, or in a flattened or
sharpened ellipse. The stern in profile is usually given a sharp
rake and makes a very handsome finish. The construction is not
dxﬂicult,_ if understood. In the loft plan the shape of two frames,
one horizontal at sheer level and the other at the slant of the
chine in profile at its level, are laid out. The frames at sheer and
the chine are expanded and beveled on the loft plan, following
the general principles given for expansion of transoms. The for.
ward ends of these frames are laid out so that they may be
fastened to the chine logs or to'the sheer clamps, as their position
requires. The side plank is run as far aft as the shape of the half-
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preadth of the hull permits, without having to steam-bend the

lank. Beyond this point, and around the stern, vertical staving is
fastened, fanwise. To give finish, a piece or two of thin wool is
pent around the stern at the sheer [after being cut to fit without
having to be bent edgewise (called “edge-set”)] and over this
a piece of half-oval or half-round oak is bent to form a guard. The
drawing shows the appearance of this. Both the strip and the
guard must be steam-bent, usually in two pieces.

Keels, Setting-Up

The keel construction will be shown in the plans and must be
lofted. When built, it will form a backbone on which to set stem
and transom, as well as molds, on the building stocks. Most flat-
bottom boats are built upside down, as this is the easiest position
in which to plank them. If there is a keel, the stem, transom, and
molds may be mounted on it and the whole then secured upside
down on the stocks. Any type of stocks suitable to building up-
side down may be used, and the one chosen should be worked
out on the mold loft plan first so that the molds may be made to
fit the setup with the minimum of labor. The remarks in the last
chapter on placing the molds to allow for bevel should not be
forgotten. When the molds are in place, the sheer clamps and
the chine logs are fitted and fastened in place. Then planking of
the sides can be started. If there is no keel, the molds, stem, and
stern are set up on a bearer, or on the shop floor. In the latter
case a temporary sprung keel of rough plank may be required.
If there is a bulkhead it is set up exactly like a mold, except that
it is beveled and so does not have to shift to face a station line.
The sheer clamps and chine logs (or the battens in their places)
are fitted and fastened, and then the planking of the sides is
started.

Building Right Side Up

If the boat is too large and heavy to turn over, she must be
built right side up. Such craft will have a keel on which the molds
may be mounted. The keel should be supported by posts which
can be moved; there must be no fore-and-aft bearer as it would
be in the way when cross-planking the bottom. Use as few sup-

orts to the keel as possible and utilize shores, under the molds, in
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their place. Fasten the latter so they can be shifted easily. If the
hull is fore-and-aft planked on the bottom, the keel may be sep
up like that of a round-bottom hull with fore-and-aft bearer, The
important consideration in planning stocks for building any fla¢.
bottom boat right side up is to allow enough room under the hy]]
to plank the bottom. There should be not less than 3% feet be.
tween the bottom of the hull amidships and the shop floor. Thjg
will give sitting headroom in which to work.

Chine Timbers, Bevels

The fitting of the chine logs has already been described in the

remarks on lofting flat-bottom hulls in this chapter. Where pos-
sible, an attempt is usually made to obtain logs in one length,
However, this is not always convenient, or ossible, due to the
shape of the boat, or its length. If the verticaF curve is moderate,
it is usually possible to edge-set the chine lo.

gs enough to give the
proper curve. If this is not practical, then the logs must be sawn

g M7 et

Whole chire
hall-brecrart Pl

Plan
59. Scarfed Chine

to the required vertical curve, scarfed, and bent in the molds to the
desired curve in half-breadth. The scarfing of sprung, or sawn,
chine logs is generally done with the cut o% the scarf vertical; its
length is usually about eight to ten times the smallest dimension
of the chine log. To obtain the shape of a sawn chine log, clamp
or temporarily nail a thin plank on the molds when set up, as
though planking was being started. This plank should be wide
enough to permit a reasonable length of the chine log to be laid
off on it, allowing for the vertical curve of the chine line in the
molds. Tick off the lines of the sections represented in each mold
and the height of the notches cut for the chine logs in the molds
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Prate 27. Construction Plan for a 16-Foot Hampton Flattie

Flat-Bottom Hull Construction

on the plank. Be sure to allow for the bevel of the top and bot-
tom of the chine logs. When this plank is removed from the
molds, the shape required for the sawn chine log can be obtained
by connecting the notch tick-marks with lines swept by means
of a batten. When the plank is cut to these lines, a template for
the part of the chine logs to be sawn is obtained. If there is a
twist, or roll, to the side it is easiest to cut the notches in the
molds a little shallow and to bevel the outboard face of the chine
logs after they are secured to the molds. If the notches are found
to be too deep, shim out the logs when fitting.

In large hulls the whole chine log may have to be sawn, due
to its size, but in small hulls the only part requiring to be sawn,
as a rule, is the run, from abaft the midsection to the transom.
The scarfs in the chine logs are sometimes staggered a little so as
not to fall opposite and are well in the middle third of the length
of the boat. However, most builders consider this an unnecessary
refinement in construction and let the scarfs fall opposite and
where the length of material dictates. Unless the boat is excep-
tionally light in scantling there is really no serious objection to
this practice. Laminated chine logs are rarely necessary and should
be used only when the flare of the sides is great enough to make
avoidable the possibility of bottom, or side, fastenings being
driven in the full depth of the seams between the laminations.

227

Sheer Clamp

The sheer clamp, if one is required, can usually be bent into
the notches in the mold without difficulty, as it is ordinarily a
lighter timber than the chine log. As a rule, the sheer clamp in a
flat-bottom hull is really a batten at the sheer and is between the
side planking and the frames. Occasionally, however, the sheer
clamp is inside the frames and so cannot be put in until the frames
are in place. The setup on the stocks and the details of design
must control the sequence of fitting the sheer clamp, in this case.
If the sheer clamp is too heavy to bend it should be laminated.
Keep the fastenings in the laminated sheer clamp well away from
the top where the clamp is to be beveled, and also notched for the
deck frames. Single timber sheer clamps should be scarfed in the
same manner as chine logs, but laminated clamps need only have
the laminations butted and staggered.
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Fastenings, Stem and Stern
Both chine logs and sheer clamps should be carefully fitted and

secured to the stem and to the stern frame or transom. Screws or
boat nails are commonly used in small boats, spikes and bolts in
large craft. To secure ‘the chine logs and sheer clamps to the
molds, use the thinnest wire nail that will hold, Very often no
fastenings are required to hold these members to most of the
molds; the spring of their curves will suffice with the addition
of a few cleats nailed to the top and bottom edges of the molds,
Use as few fastenings as possible, as they will have to be cut when
the molds are removed, later. The method used to fit the chine
logs'and sheer clamps to the stem depends so much upon the in-
dividual design that no hard and fast rule can be given. However,
the ends of these members are usually beveled, or “snied off,” o
lay snug against the sides of the stem and may sometimes be
through-fastened, with the bolthead and nut countersunk into
the log and clamp and the countersink plugged with pitch or lut-
ing material, Through-fastenings are sometimes possible at the
stern frame also. Care should be taken jn Placing such fastenings
to avoid splitting the chine logs or clamps. Another common con.
dition, at the ends of the chine logs and sheer clamps, is to find
that they must buee against the inside of the stem and against a
transom plank, without the use of a side frame or cleat. In such
a circumstance, no direct fastem'ng between the stem or transom
and the chine logs and clamps is reall effective; the strength of
the joint is obtained by the side plan ing or by knees. For that
reason the members may be held to stem and transom with tem-
porary cleats. Notching the stem for the chine logs and sheer
clamps is rarely possible and of doubtful value. The sheer clamps
are sometimes secured to the stem by a horizontal knee, tl!:e
“breast hook,” and to the transom by “quarter knees.”
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Side Planking

The planking of the sides of 1 flat-bottom hull is usually a sim-
ple matter. There are two considerations: the length and width
of material available and the shape of the hull, which, with the
first consideration, will govern the number of strakes required. As
to length, this is rarely of great importance except as far as labor
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PLATE 29. Lines and Construction Drawings for a 22-Foot Scow Sloop
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is concerned. Usually it is possible to get plank long enough to
run from bow to stern in boats up to about 24 feet long, without

eat difficulty. If the hull is longer, the planks will have to be
putted or scarfed. The width of the plank is more often a matter
of difficulty and it is usually necessary to use two or more strakes
to the side, or to piece up the sides at bow or stern to reach
the height of sheer there. It is rare to find a design for a flat-
pottom hull in which the side planking must be spiled. Boats
having lap-strakes in the sides are an example. The rule that

overns many builders of flat-bottom hulls is to use as few pieces
of plank as possible in the sides, so as to save labor.

Sheer Plank, Scribing Butts

Assuming the hull is not lap-straked in the sides, the first step
is to select a plank for the sheer strake, if the whole side cannot
be made of a single strake. This must usually be a rather wide
plank, due to the combination of sheer and flare. If plank long
enough to run the full length of the hull is available, well and
good; if not, the length must be obtained by using two planks.
The sheer strake is sprung on the molds and shifted up and down
until it appears that its position permits the greatest depth pos-
sible at the point of the least freeboard, or at the bow or stern.
Thebottom of the plank should be smooth and straight. The plank
may be held in place on the molds by a few clamps to molds, or
sheer clamF, or by a couple of helpers. The forward end of the

lank should be brought into the bow rabbet as much as possible;
it obviously will not fit until it has been cut to the proper shape.
The after end of the plank may be allowed to lie where it will
for the moment. While it is in this position, the rabbet of the
bow must be scribed on the plank so it can be shifted ahead into
proper position in the next fitting. In some cases this may be done
by use of the compass. This is the art of scribing, which must be
mastered by every boatbuilder.

To achieve a well-fitted joint by scribing, the beginner
might start by drawing parallel lines on the end of the plank, say,
an inch apart and parallel to the lower edge of the plank. Now the
compass is opened enough so that, with its point in the rab-
bet (on the inner or middle line), the pencil point will be able
to mark the surface of the plank at the point tEat the end of the
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plank is farthest from the rabbet. With the pivot point in the rab.
bet, and with the compass locked at the opening just described,
the curve or straight line of a rabbet may be transferred to the
plank by drawing the compass from top to bottom, taking care
that it is slanted to the rabbet so that an imaginary line from the
point to pencil always parallels the lines on the plank (parallel to
the latt'e_r’s bottom). The most common mistake in bot scribin

and spiling (the two are practically the same operation) is the

i

'nghf

6o. Principle of Scribing

tendency to keep the compass line (point to pencil i
lar to the arc of a curve, af it is drag)n along };uch a) cf::;vrpeenl(ii’l:l‘:e
arc of the curve of the rabbet were on a true radius, it ;vill be
apparent that scribing with the compass line (point ’to pencil)
perpendicular to the arc would result in a scribed line, not of the
Za:::)e radius, but of a smaller one which obviously can’not fit (see

. When the end of the sheer plank or “strake” s seri i i
tion 1s marked on the molds a}x)ld the plank is rel;f:\:/r;g?(:il::seggs};
the_n.cut to the scribed line. If the rabbet line is st’raight the
scribing can be done by laying a 2-foot folding rule with one edge
in the rabbet, or along its outer line, and the other on the su%-
face of the E!aqk; draw a line along the edge of the rule on the
plank and this is the proper cutting line to fit the stem rabbet
When the end of the plank is cut and smoothed it ma be:
checked against the rabbet by holding the plank in its fm}"mer
position. This will prove the cut and also verify the angle of the
rabbet. If any adjustment is needed it will be obvious now,

Now the plank is clamped into place, making certain that its
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end is snug in the rabbet of the stem, and that it is in its former

osition in regard to depth. A line run along the top of the
sheer batten or clamp can now be drawn on the inside face of
the plank; this will be the line used to cut the sheer line in the
sheer strake. Now note this. The pencil line must be drawn so
that it will stand above the actual sheer on the inside of the plank
(which is the upper and outer corner of the sheer batten or
clamp) to allow for the bevel that will have to be cut there, in
order to lay a deck, or washboard, or rail. The amount of flare to
the sides will govern the bevel, of course. If the sheer batten or
clamp is the same thickness as the planking, then its upper and
inboard corner can be used as the guide Iine and the marking
pencil held in a level or horizontal position while marking. Other-
wise it is best to scribe with a compass, with the amount allowed
for bevel picked off the loft plan or obtained by careful measure-
ment from the work. If the boat has a transom and the plank runs
by it, it will be enough to reference the end of the sheer, leaving
the extra length to be cut off at the proper angle and bevel after
the plank is secured and fastened in place. The plank is now re-
moved and cut to the marked sheer; one sheer strake is now ready
to be fastened in place. Use this as a template to get out a duph-
cate. When both are ready they may be fastened in place. It is
best, usually, to fasten the plank to the stem, along the “bearding”
(between the inner or middle line and the bearding line of the
rabbet). Care must be taken that the plank is snug in the rabbet
and sprung enough, around the molds, to ensure that it is set in
the proper place and that the cut sheer of the plank stands above
the actual sheer line on the molds, at the inside of the plank, suf-
ficiently to allow for the bevel to be cut later. The plank may now
be fastened, working from forward aft, to the sheer clamp, and
temporarily nailed to the molds. When the transom is reached
the plank may be sprung in by hand or by a Spanish windlass un-
til it bears; after it is fastened, the overrun of the length is then
cut off at the proper rake and bevel, so that the end ot the strake
is flush with the face of the transom.

When one sheer strake is in place, its opposite is then fitted
and secured. If the strakes must be in two lengths their butts must
be fitted when both lengths are clamped, or secured, in position.
After the forward one of the two is cut, duplicated, and secured,
the after is likewise marked, cut, duplicated, and secured. The
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butt or joint must fall between two molds and the butt must be
spliced by a piece of plank fitted and secured inside. The length
of the butt block should be about 12 times the thickness of the
side planking and its width should be sufficient to allow it to
overlap % inch, or thereabouts, onto the next course of strakes, or
plank. The butt block, in a sheer strake, will fit snug against the
bottom of the sheer clamp or batten, unless the latter is tem-
porary; then the batten will have to be cut to fit the butt block.
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61. Planking Butt Block and Plank Scarf Used in Lap-Strake

Construction

In this case; cleat the butt temporarily until the whole plank is
secured except for the butt; then cut the batten and fit the butt
block. Use luting in the butt and on the faying surfaces of the butt
block (in other words, between the butt block and the plank).
The next pair of strakes need no fitting except at the stem, tran-
som, and where they cross the chine at bow or stern. The mark-
ing of these strakes follows the same practice as the sheer strakes,
where they need to be cut to fit. The bevel must be allowed for,
along the chine, so the scribed line on the inside of these strakes
must stand outside of the true chine line enough to allow for
beveling. It is very easy to forget this and spoil a plank.

When the plank 1s fitted, it is well to lightly bevel its top, to
allow for a calking seam; in a small boat the seam should be open
a full 346 inch, or a little more, at the outboard face of the plank-
ing and closed at the inside face. When the plank is bent over
the molds and partially secured at the bow, it is a good plan to
nail blocks to the molds, below the bottom of the strake, on
which to drive wedges that will force the strake against the one
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above, while it is being fastened. Take care not to mar the edges
of a plank with wedges or hammer blows.

Shift of Butts

If there is a third band, or strake, of plankiqg required, it must
be fitted in the same way. Butts should })e shifted fore or aft of
the ones already in; three frame spaces is the mle_, but this does
not help much in deciding the shift in a boat hav_mg no frames.
In this situation shift the butts about six to ten times the depth
of the strake, from the butt above or below it.

Stealers

Very often there is a long, thin wedge of wood formed at each
seam in the run, by the strakes intersecting the bottom of the
chine logs at very acute angles. This wedge is apt to split or break.
The best way to avoid trouble is to cut off the wedge so that a

Bow and stern “stealers, vsed fo
avoid another strake

(/ﬂ/a ,fo aveiol wedwe end on clune

62. Side-Planking Methods

i ed an inch or so wide. Then chisel a little out of the
::; l:trf:l:: along the chine, so that a short, rectangular piece _of
lank, an inch or so wide and about a foot long, can be fitted in.
his piece will cross the seam of two strakes at an angle, parallel
to the run of the chine, and will be backed and secured by the
chine log; it may be edge-fastened as well. If the stern is sharp and
the rabbet of the sternpost is straight, there will be no difhculty
in fitting the side planis, as the top and bottom of each strake
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is ticked for the rabbet, where the plank being fitted runs by the
sternpost. If the sternpost rabbet is curved, and the strake is made
u of two lengths, lap the butt, scribe, and fit the end of the
plank to the rabbet; remove and cut. Then replace with the end
of the plank fitted to the sternpost rabbet and mark the line of the
butt on the inside of the strake; remove, cut, and replace. Take
care in fitting plank to have the molds marked so that you can re-
place the planlfin the same position for each step in fitting.
Another problem in fiting side plank occurs when the sides
are in a single plank. Very often it will be found that the plank
is wide enough at amidships but lacks width to reach from chine
to sheer at bow or stern, or both. In this case, fit it to the hull as
far as it will cover, marking where its top, allowing for bevel,
crosses the sheer line. After the plank is completely fitted, re-
move and, at the points where the sheer crossed the top of the
plank, cut down an inch or two; then rip from the bottom of this
cut, or cuts, to the end of the plank, parallel to the original top
edge of the plank. Now replace the plank on the molds and se-
cure. Pieces of sufficient width may now be fitted in the gaps
left at bow or stern, or both, by the strip cut out. The notch
formed at the inboard end of these fitted pieces is of sufficient
depth to avoid the objectionable wedges that would occur if the
cutting down were not performed. The narrow butts formed at
the inboard ends of the fillers, or “stealers,” can be backed by

butt blocks if they are not on the sheer clamp; they may be edge-
fastened also.

Lap-Strake Sides

If the sides are to be planked lap-strake, the bottom strake of
the sides must be fitted first and must be of sufficient width to
bring the first lapped seam well above the chine. Because of this
limitation, this form of planking (applied to flat-bottom hulls) is
used only in small, light boats. The lines usually show the height
of the laps and so can be established in the loft plan and trans-
ferred to the molds. The height of the laps should be marked
at the edges of the molds, so that the maris can be seen when
the plank is in place, being fitted. This done, the lower strake is
fitted along the chine in the manner previously described. The
top of the plank must be wide enough to extend above the marks
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PLATE 30. Sail Plan for a 30-Foot Sharpie Cruiser
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S SN the amount of the lap called for in the plans, at the least point. It
5o y is probable that the top of the bottom strake will not parallel the
/‘ marks. When the bottom strake is otherwise fitted and clamped

/‘ into place, the inside is ticked at the lap-line height from the
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molds. Then the plank is removed and, with the compass, new
marks are made at the distance equal to the specified width of the
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63. Lap-Strake Methods

Lines to outside of all plan .

lap from the first series of marks. A line swept through the new
marks gives the top of the lower strake. The top being cut, the
strake is rabbeted at bow and stern, beginning at the outside face
of the plank a couple of feet inboard of bow and stern and run-
ning to half the thickness of the plank at the ends of the strake,
at bow and stern. The width of this sloping rabbet is the width
of the lap of the two strakes.
The bottom strake is now secured in place. When fastened, its
top edge must be beveled a little along the outside face of the
strake, so that the next strake above will bear the width of the lap.
Usually the width of the lap is drawn on.the plank with a pencil;
then a short staff of straight plank is made, its length equal to
the width of the strake above. If the sheer strake is the one above,
then the staff is as long as the greatest width of the sheer plank,
measured off the molds. This staff is laid on a mold with its lower
end at the depth of the lap and its top at the seam above or with
its inside edge on the sheer mark. This serves as a gauge to measure
how much will have to be cut off the top outer face of the bottom
plank to give the correct bevel for the lap of the two strakes.
When this is done, the planks for the next strakes are selected

Deck Crown 5 in 72

PLATE 31. Lines of a 30-Foot Sharpie Cruiser
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and one of them is sprung over the molds with its bottom at
the lowest point, a little above the top of the lower strake. The
bottom of the upper strake must now be scribed to ft the lower
line of the lap bevel below. This is spiling, and is done on the
same principle as scribing. The compass is set in the same way
and is held perpendicular to the straight edge of the upper strake,
not to the curve of the strake below. However, instead of sweep-
ing in a continuous line, short arcs are marked on the upper
strake 4 to 6 inches apart. When the upper strake is removed,
the arcs are connected by a line swept in with the aid of a bat-
ten. This is the cutting line for the bottom of the upper strake.

The upper strake, when cut to shape, is tPlaced back on the
molds and fitted to the line of the bottom of the lap marked on
the lower strake, to check. The end at the rabbet of the stem can
now be fitted, care being taken in shifting and scribing so that
the plank, when moved back into place, will fit the laP in the
lower strake. This will usually work out without undue difficulty.
At the stern, the upper strake should run past the transom in
the usual manner. When the upper plank is fitted, it is clamped
into its proper position and its upper edge is marked off from the
molds in the same manner as the lowest strake; if the upper is the
sheer strake then the sheer is scribed from the sheer batten or
clamp. The end of the strake may be held in the rabbet of the
bow by screwing a couple of cleats to the side of the stem, with
one end of each overlapping the rabbet enough to hold the plank
while fitting. When the top of the upper strake is marked and cut
it is ready to fasten, after a duplicate has been made. The firse
step is to scribe the lap width on the inside of the strake. Then
a rabbet is cut in the ends of the lower edge in the same manner
as was done in the top of the lowest strake, but on the inside of
the upper plank, instead of on the outside as in the lower. When
the upper plank is set in Place these rabbets will enter one an-
other and so the projection of the lap disappears at bow and stern
and the planking becomes flush along the rabbet of the stem and
at the stern. If the upper is not the sheer strake then its top outer
edge must be beveled and rabbeted as was the lower strake. If
the upper is the sheer strake then the sheer must be marked and
cut as previously described. Lap-strakes need not be butted; they
should be scarfed in order to lap.

Flat-Bottom Hull Construction 241

Fastenings, Nails
Fastenings for the side planking will normally be the same as

. It may as well be said that there is a good
gs‘;? f)(;r itghrfo?:r::(;min rega}r,d to fastenings among yachtsmen.
thhere the thickness of the timber permits, the best plank ;asteré-
ing is the boat nail—if it is properly rqade apd has a hgood. ead.
VVghere cost and strength are prime consxderauops, theldol:- 1Epeer;
galvanized-iron boat nail is unsurpassed. The nail should be chos
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64. Plank Fastenings

I or round.
i —the head should be large and rqgular, ova
¥;1t¢l: :3;25 of ihe shank (it is rectangular in sectlon.) -should ll):;
sharp and there is no harm in roughness. The galvanlzlnglshoq d
be tEick and bright. Smooth, thinly coated or plated nails, wit
small irregular heads and long-tapereicli shalr:ks,1 (slug:h as ar:ezee’xl{ r1:;
ils and ordinary “cut nails,” s ould be rejected. T
il;rgth(?fetszlnaﬂ should be Zi,ecided by the timbers through which
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it is driven; the rule is that the “penny” of the naj

; _ y " of the nail should b,
number of eighths of an inch in the thickness of the plank thr::ut hl:
which it is driven. If the nail is to be driven in so?twood, hogr.
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1n other words), its length is equal to the total thickness of plank- d
ing and _framei})lus % inch if the head is countersunk and plugged; <
Plus % inch, not. Good galvanized-iron nails can be clenched. e [
In choosing a nail, use as long and thin a nail as can be driven,
Boat nails are supplied with a choice of two points, chisel or blunt:

o cle
below, 4
e

Serew-eye 10
9 i
‘l
o
i
4/
2
m’h‘j
wrth U
ree cle
: e
%,m% T stem
!
iren m%’ﬂ
practicnl

Keel Assembly

[
onch bulkhead.

Yeratvr
vsewt

e
L4
- \
' 2 Bukhendt: | K<
3 :;' qu.",’:
o yaast Siot V7

3

fas:;m'ngs, v&fher}ll the chisel point is best,
enny” is the expression of length; the followi

standard penny lengths and inch equgifralents. Twopelrlflyai,e ut:lli

1inch; 3 equals 134 inches; 4 equals 1% inches; ¢ equals 134 in(clhes- §~
6 equals 2 inches; 7 €quals 2% inches; 8 equals 214 inches: ge uals,
2% _mches; 1o equals 3 inches; 12 equals 3% inches: 1’ 6 eguals
3% inches; 20 equals 4 inches; 25 equals 434 inches; 30’ equals 4%
1nches;.4o equals § inches; 50 equals 5% inches; 60 e,quals 6 incl?es":

CF I V”

=
7
va

Centerboard EYP  Leawt ballasted, (501b5)

of

~lap

- blockwng 1% Codor
Gk BT 2,50 o)

.——z/-

it
=
S
[=4
(2]
o
=
[¢]
]
€
=
(4]
=
=2
=]
7
=
[
a
[=d
=
o
-t
Q
[=]
=
[« 9
&
=
0
=
=
o
[« 9
g
o
=
0
=
g
5
o
-
3
="
b
Cypress.
= 4
Yellow

| /o om
? %’g”

{4

Pyug

Suster Kesisod
§
Wik
R
= ron
B
A
wrs, Eu "

per tacks are used for nailing the laps
-cut nail and jt ig clenched

,//
&
9

PLaTE 32. Construction Plans for a 30-Foot Sharpie Cruiser



[]

7Y Whik pine. cedev: cyprecs o

017204

¥ i

'3 s Sontonle
o
tered

; sk
) e
-

k. g

Simk- 10 §
wirnensiony

Bt of

s - yh,
-cAess - v,
Torfet - Sarwrary

Note:- AJ/ corbvi
17r0h0g
Cor,

s
ace linea with

¥4
gy .

mreho,
7

cker Tm!_mml,y.yg

bovra
e
Bock,
74,

Lee

Ouvkcly Gasley.

_—

05 andl shees metal

7ore-1p,

Aasbes?:

¥ AN

[t 4 \\
AREAY
[F==— == |
o |

¥

' I
| I
3 ] 8§
L HD
I bt
|

PLATE 33. Cabin Plan for a 30-Foot Sharpie Cruiser
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over, after being driven through the laps. Except for the hatch
and clench nails, most boatbuilders do not use round-shanked or
wire nails in boat construction.

Boat and hatch nails are now obtainable in various noncorroding
alloys. Also special forms of barbed nails of such alloys are avail-
able; these have excellent heads and good holding power. Most
of the alloy nails are very expensive compared to galvanized iron.
Copper nails of any description have very little holding power
unless their points are clenched or riveted. Riveted fastenings
are usually made with copper or alloy clench (or “clinch”) nails
with a small “burr” (washer) dro‘};ped over the point after driving
through. The point is then cut off in the clear and the remaining
portion of it riveted over on the burr; this will be explained later.
Nails in the planking should be bored for; boat and hatch nails
with drills, or auger bits, smaller than the shank of the nail. Clench
nails are drilled for with bits about the same size as the shank of

the nail, when of copper.
Fastenings, Spikes

Spikes, used only in heavy boat construction, run from 3 to 14
inches in length, and from % to % of an inch square in the shank.
All are chisel point, but may have conical, oval, or flat heads, as
desired. They must be bored for in the same manner as nails.
Spikes are usually of galvanized iron or steel, but may be ob-

tained of noncorroding alloy.

Fastenings, Screws

Screws are much favored by yachtsmen. The galvanized steel
screws are strong, but the galvanizing process roughens the
threads and makes them very difficult to drive. This fault in their
threads also damages their holding power. Alloy and bronze
screws are more satisfactory in this respect, but are more ex-
pensive. On the whole, they are not as strong as the steel screws
and unless properly bored for will often wring off when being
driven. This is particularly the case when a power screw driver
is used and the screw driven through some soft planking ma-
terial into an oak or elm frame. It is not exceptional to find, on
survey, 10 per cent of the screw fastenings broken under these
conditions. Brass screws are of little value in boat construction
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as they corrode and are weak in resistance to wringing off. The
screws having flat countersunk heads are most commonly used
for plank fastenings; they are bored for and the heads are
countersunk and plugged, or “bunged.” Their length is measured
overall. Round-headed screws are used where the fastenin is
temporary or subject to occasional withdrawal. Their length is
measured from the bottom of the slot to the point. The proper
length of screw to use is three times the thickness of the tim er
through which it passes. Standard lengths of screws range from
2 to 6 inches and_gauges from :2 to 24, depending upon length,
The gauge of a screw should vary with the hardness of the
wood in which it is to be driven, for given lengths. To drive a
screw, first bore a hole slightly less than the diameter of the shank
and of a depth at least one half the length of shank from head
to thread. In hardwood it is usually necessary to drill deeper
than this and the best way to decide the proper depth is by experi-
ment. In hardwood it may be well to bore through the first
piece of timber with a drill of about shank diameter, and then
bore a leading hole about half the length of the thread in depth.
If the screw is smeared with soft soap, before driving, it will go
home more easily and with less danger of wringing off. If the
head is merely countersunk, the hole should be prepared with a
countersink bit. Drills and countersinks combined in one bit can
be used for drilling for screws that are to be bunged. The round-
shank twist drills are best for boring for screws, using a push or
automatic drill for small screws and a brace or breast drill for
large. Screws are used where the timbers being fastened are not
of sufficient thickness to hold nails. For that reason the ends of
Planking in the bdw rabbet or the butts in planking are usually
screw fastened. In light material the screw is considered the best
fastening—say, in lanking up to %-inch thickness, finished.
Often the impact of driving a nail is undesirable for some reason;
here the screw is the answer to the problem. The rule is: “use nails
where you can, screws where you must.”

Butts, Fastenings, Bolts

Planking butts in small boats can be screw fastened; in larger
boats it is usually possible to employ nails. However, bolts can
sometimes be used to great advantage. The bolts commonly used
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ort stove bolt having a round or conical hqad, w;th
ar:lztf(i);niltolfl:: that in a screw. Tlglese are usually supplied wxgh
. nare nuts. Carriage bolts are also used for the same purpose in
- large wooden hulls. The bolt will serve better than a nail or
vereyw tge pull a butt fair, so that the planks bear completely on
:;f: butt block. The heads should bg countersu_nk an plugged.
The use of rivets and clench nails will be described in the chap-

ter on lap-strake construction.

Spacing of Fastenings

ing of fastenings in planking and elsewhere cannot be
sp;l;!gcsafl’l?fllgld down. In gle stf{rl and transom the fasttlamrﬁ‘gs can
be spaced about 2 inches apart in the majority of h‘;lls?‘. _ast;alr;;
ings driven into end grain should be spaced around 1 }fl inc]
apart. Planking is secured to frames, or to chine and sk eer tim-
bers, with fastenings spaced two or three to each plank, or 4 to
6 inches apart. Common sense is really the best guide, however.

Bottom Plank, Chine Bevel

ith the sides in place, the bottom can be laid. First the chine
lo W;;l:i the lowest }}))lank of thq b‘ottorp must be beveled. If thhe
hull is building upside down this is a simple matter. A stx;?_lg t-
edge long enough to reach across the hull from chine to ¢ “’11‘3 hxs
required, as are also a drawknife, plane, and l_)rgad hatchet. The
straightedge will serve to check th_e bevel as it 1s cut. 'fl‘h;outt;;
and lower corner of the chine log is the correct line o cd me.f
there is a strongback down the center of the hull., mﬁ e olda
sprung plank, this must be secured in the notches in the molds
and to stem and transom or stern. If tl}ere are two other strips
parallel to this, or nearly so, on elt!ler side, thes::, must be put in
lace. These are usually called “sister-keelsons in ﬁat-bott::om
and V-bottom hull construction. When the _bevelmg has leeE
completed, and the fore-andl—aft glembers are in place, the plan
ttom should be selected.
fOIiI:h: Erooss-planked bottom the boa;d should be s.elected arll)d
prepared with a few points in mind. Fu‘s.t, random widths clz)m 3
used, but narrow stock is better than w1de‘. Spcondly, the boar:
must be fitted to the hull with its erid grain in the proper poi:-
tion, so that it will not “cup” and make the bottom like a wash-
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board. Look at the end of a plank and note which way the an.
nual rings of the wood turn in relation to the faces. The board
must be laid on the chines so that these annual rings are curved
downward against the chine. If they are allowed to be laid with
the curve upward, they will cup. This rule should be followeq
when planking any flat or straight surface.

It is usual to begin planking a flat-bottom boat’s bottom at the
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65. How to Lay Plank

stern, if she has a transom or is square sterned; start amidships
laying plank square to the center line and working alternatel ;
fore and .aft if she has a sharp or round stern. As each plank 1s
fastened in place, its overrunning ends are sawn off along the
face of Fhe lowest plank of the side, at the bevel fixed by the flare
gf tht_a sides and, where necessary, sawn at the centerboard slot. It
Is easier to saw off each plank as it is laid, rather than to wait un-
til the bottom is completely planked. It is an excellent plan to nail
or, better, clamp blocks to the chine logs, so that the inside edge
of each bottom plank may be wedged against its neighbor, while
being fastened. Clamps will assure that each plank is bearing on
the chine logs and strongback. The fastenings should be com-
pleted in each plank before going to the next one. The edges of
the bottom plank will require some beveling to allow calking; the
same width of seam on the outside of the planking as was used in
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the sides is required. Before starting to plank the bottom, lay
strips of flannel, wicking, or calking cotton, soaked in paint, along
the chines and centerboard case logs.

If the bottom is planked fore and aft, the boards should be
so fastened that the curves of the annual rings shown in the ends
of the plank curve against the frames. The construction of flat-
bottom boats with bottoms planked fore and aft is sometimes

uite different from that used in cross-planked hulls and will
be described later. If the flat-bottom hull is built right side up and
cross-planked on the bottom, the o erations are no different from
those already described, but beveling the chine logs becomes a
rather tedious job. The roughing of the bevel is best done with
an adz.

Smoothing, Calking, Tools

When the bottom is planked, it and the sides should be planed
smooth, sanded, and then calked and painted. For calking ma-
terial use calking cotton used by boatbuilders, not the short
strand stuff used by plumbers. Calking cotton comes in bundles
and strands may be shredded out so as to make one to fit the size
of the seam. Start by driving the strand into the seam of a bot-
tom plank at one chine, with a lictle of the strand projecting out-
board from the end of the seam, which can be driven into the
exposed end of the seam. Use a calking iron and a mallet to drive
the calking. The irons may be obtained from a marine supply
house and can be purchased in various sizes and shapes. Ten irons
make a set; these will be described later. Take a “creasing” or
“making” iron and drive the calking along the seam, gathering it
in small loops with the iron each time 1t is driven. The loops
should vary in size as the width of the seam widens or narrows.
The loops or folds should touch one another when in place. After
the seam is lightly calked and driven, go back over it with the
iron and drive it home so that there is room for puttying or
filling the seam and drive in the end into the exposed end of the
seam. Driving blows should be of equal force all along the seam.
The iron should be held so that its slightly curved blade edge is
level in the seam; if it is tipped along the direction of the seam, the
edge will cut the strands of the calking. The calking can be
driven too hard as well as too lightly. It must not be driven
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through the seam, but should be in a hard bunch, or rope, about
halfway through the seam. If the latter is too narrow, it can be
forced open with a “dumb” iron. It is a good plan to paint the
seam bef}c))re driving in the calking. This binds the calking; the
wet paint will swell the cotton so that all voids are filled. This
is less messy than dipping the cotton in wet paint before driving.
The calking can be driven dry, but will not last as long as if
driven in wet paint. If driven dry, the calking should be payed, or
painted. This can be done, after driving, with a thin brush having
stiff bristles. There is a regular “seam brush” made for the pur-
pose which can be obtained at water-front hardware stores, as a
rule. The seam may be filled with white lead putty, or seam com-
position, or hot marine glue, as circumstances warrant. Calking
requires some practice, but the principles are soon grasped. In
very light boats the seam may be calked with a strand of wicking,
which is run in with a “calking wheel.” In this case there are no
loops. The seam may be practically closed when the wheel is
used; it is opened with the wheel before running in the strand of
wicking. In using a calking wheel, great care is necessary to avoid
having the wheel jump out of the seam. Operate the wheel by a
pulling, not a pushing, motion.

Calking irons are designed for every type or position of seam.
For calking planking, the ordinary calking iron, called a “mak-
ing,” or “creasing” iron will serve. This iron may be had in vary-
ing sizes, with blades of varying thicknesses to fit almost any seam.
The sizes are BB, Crease, %, inch thick; No. O, Crease, % inch
thick; No. 1, Crease, % inch thick; No. 2, Crease, %6 inch thick;
No. 3, Crease, % inch thick. The blades vary from 1% to 2%
inches in width. For the garboard, along the keel, the “bent” iron
is used; this has a blade bent sidewise so that it can be driven
into an angle which could not be reached with the common iron.
A deck or “dumb” iron is somewhat like the common, or crease,
iron but has a thick blade and very little taper. It is used for
widening narrow seams. A sharp, or “butt,” iron has a long, sharp
blade and is used for calking very short or narrow seams and
corners. The “spike” iron is used for calking corners and fasten-
ings or bungs; it has a very narrow blade. The “clearing” or “reef-
ing” iron is a blade with a sloping edge; it is used to clear out
old calking from a seam. The only irons an amateur builder
really neefs are a few creases, a dumb, and a bent. The calking
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wheel comes in only one size; it is a small metal wheel held in
a wooden handle. Professional calkers use a calking mallet as it
drives better and relieves some of the v.lbraglon”tt.) be founfl in
an ordinary mallet or hammer. A “reaming iron” is a large iron
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66. Calking Irons and Tools

wedge with a wide, rather thin blade. It is driven into seams of
large wooden vessels prior to calking, to open the seam and holc,i’
it open while the calking is being driven in. The “havysqxg iron
is somewhat similar, but has a long handle attached; it is drn{en
into seams after the calking has been set with a light iron, to dr_lve
it home or “hawse” it. The hawsing iron is used only in calking
large, heavy boats.

Remarks on Calking

Calking will stay in place better in softwood than in hard. The
cotton should make an impression on the sides of a seam, to stand
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properly. This forms a tight seam, with the cotton making a con-
tinuous groove in the sides of the seam as the wood swells. Very
light blows are required to accomplish this with cedar or white
pine planking. Mahogany and yellow pine require blows some-
what harder; oak and many tropical hardwoods require very
heavy blows and hawsing. If an impression is not made in the
sides of the seam the swelling wood will close the wedie-shaped
seam and spew out the calking. Do not try to calk with a screw
driver, chisel, or putty knife; it is just asking for trouble. In
large seams, oakum is used; this is rolled or “spun” in strands of
sufficient thickness and driven like cotton, but not looped. Drive
very lightly when only a few strands of oakum are used; heavy
blows will break the fiber. Oakum will last longer than cotton
calking but is more difficult to handle in small seams. A “strand”
of cotton or oakum is about the size of the seam opening, before
being driven.

Finishing
A word about smoothing. This should be done before the calk-
ing and should be a finished job. Then, when the calking is com-
pleted and the seams puttied, a light sanding will make the bot-
tom and sides ready tjca)r the first coat of paint. The bottom can
receive two or more coats of antifouling bottom paint but the

topsides may well be allowed to wait until just before launching,

as they will become dirty and stained while the hull is being fin-
ished.

Righting

If the boat is being built upside down, she must now be turned
over to finish the top and deck. Much depends upon the size and
weight of the boat as to how this is done. If the boat is small
enough for a few men to lift, friends of the builder can be called
in. It is a good plan to insert some notched spreaders inside the
sheer clamp between the molds to give additional strength. It
may be necessary to rest the hull on its side momentarily while
turning her over, and these spreaders will prevent undue straining,
If the boat must be turned over by mechanical means, she should
be strengthened with heavy spreaders fixed to the sheer clamps
and extending outboard a few fget. These spreaders can be notched
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so that they extend down a little inside the hull, or may be
doubled with the shorter and lower piece a snug fit between the
sheer clamps. Some builders nail these to the hull, or a lashing may
be passed around the hull, outside the chines and bottom, to hold
the spreaders in place. All the spreaders should be of the same
length and their ends should be in line. Tackles or chain hoists
are then rigged to the ends of spreaders, near each end of the hull,
and to ridgepoles, or roof truss. '

When all is ready the tackles are set up and the weight of the
hull freed from the stocks. All shores, braces, and supports are
removed and all tools and lumber cleared away. Sleepers are then
laid on which the hull will rest when righted. The tackles are
manned, the whole hull is lifted clear of the stocks, and then one
side is lowered until the spreader ends are on the floor or ground.
If the tackles are placed properly in regard to the hull, the upper
side can now be lifted enough to bring the spreaders up and
down. It should then be possible to force the hull over and to
drop it right side up by lowering away slowly and carefully. If
the boat 1s heavy the spreaders should extend a number of feet
farther out from the hull on the side which will be lifted than
on the side first lowered. The higher the boat can be lifted from
the stocks before starting to turn her over, the easier the opera-
tion. Of course, 2 wide boat is much more troublesome to handle
than one having a narrow beam. In most narrow boats one side
can be lowered to the ground with jacks and the other side hoisted
without first lifting the whole hull. When the hull is on the sleep-
ers, it is blocked up level athwartships and a base line stretched
inside from stem to stern at some water-line level. The blocking
is adjusted to bring this base line level, using a stri.ng level. Now a
base line is available by which superstructure, joinerwork, and
construction can be measured and plumbed.

Frames

If there are to be frames in the sides of the hull, these can now
be fitted. These frames, in a cross-planked flat-bottom boat, are
really nothing more than cleats laid on the flat and nailed to the
planking between the sheer clamp or batten and the chine log.
In some designs these frames are deep enough to be notched over
the clamp and log, and fastenings driven there. Usually the frames
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67. Flat-Bottom Hull Construction, Details Commonly Used

are not beveled, but allowed to stand square to the curve of the
sides. If the boat has washboards, or narrow decks along the sides,
the frames may be placed with their edges against the side
planking and shaped deep enough to act as knees to support
the deck, in lieu of beams or blocks. If these are beveled they may
be laid off on the loft plan and their bevels lifted; or they may be
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measured directly from the boat. If some of the frames are to be
Jocated where the molds now are, lay them aside until the molds
have been removed. This can be done as soon as a few deck beams
are in place, or when thwarts are fitted.

Fitting Deck Beams, Removing Molds, Etc.

The deck beams should be made up from the loft pattern and
can be cut to the correct length prior to righting the hull, if de-
sired. Their position being laid off, fitting may be started. It is
usual to put in those nearest the middle of the boat first. If there
are thwarts, these should go in before the deck. They should be
made up from the loft drawing, as_})_ﬁr that means the bevels of
the thwarts can be predetermined. The thwarts may have to be
notched for the frames and may be supported by bearers run
fore and aft on the frames. Most small, flat-bottom sailing hulls
require a thwart at the after end of the centerboard case and this
should be well fitted and as snug as possible. Where the sheer
clamp is against the side planking and at sheer height, its top is

68. Connection of Deck Beams. to Sides

notched to a depth of one half the depth of the deck beam. The
latter’s ends are also notched on the underside to the same depth.
This permits the deck beam to drop down so that its top is (ﬁlsh
with the outboard and upper corner of the sheer clamp, which is
the proper sheer height, of course. The bottoms of the notches
should approximate the proper bevel; they rarely do, however.
The ends of the deck beams are secured to the sheer clamps by
nails or screws driven down through the deck beams and into
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the sheer clamps, at the notches. This gives a strong and simple
construction. If the sheer clamp is inside the frames and under
the deck beams, the molds will have to be removed before ﬁtting
the beams. If some of the beams can be fitted before removin,
the molds, they should be made up and secured. If not, or if ng
thwart or beams can be secured amidships, the hull must be
stayed together with temporary crosspieces. Three or four are
usually enough; if in doubt, fit crosspieces between each pair of
molds. These crosspieces may be the spreaders used for turning
over the hull. In any case they should fit snugly inside the side
planking, at the sheer, to prevent the sides from falling in when
the molds are removed. The ends of the spreaders inside the hul]
should be temporarily, but firmly, secured to the sides with cleats,
When this has been done, the molds may be knocked out or re-
moved by sawing them and breaking joints. Fastenings driven
into the molds can be knocked out and plugged if they are in the
side planking, but must be nipped off if they are in the chine logs
or sheer battens, unless the latter were merely temporary. If the
sheer battens are to be removed, they should be cut and pulled
out, after the molds are all out. Take care not to disturb the spread-
ers. If the molds are screwed together, they may be knacked down
and preserved. If this is the case, reassemble and bundle them up
with the templates, and store them away safely.

Deck Beams, Fitting and Fastening to Clamps

Once the molds are out of the way, the missing frames may
be put in place and the sheer clamps made up. When these pass
inside the frames they are usually pieces of plank nailed or
screwed to each frame and secured to the stem and transom with
cleats, knees, or blocks. The plans should show the designer’s
intent. Sometimes the deck beams are notched, so as to hook
down over the top of the sheer clamps; this is usually done by
fitting in the hull. If it is found that it is difficult to force a sheer
clamp into the hull, it may be put in place in two lengths, scarfed
or butted (butt block berween clamp and side of hull), or made
up in layers, laminated, of thin pieces. Once these members are in
place the deck beams can be put in. Whichever the method em-
ployed, do not remove a temporary spreader until a deck beam
or thwart is fitted and secured close to it. It is much better to
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secure the deck beams to the sheer clamps than to attempt to
fasten them to the heads of frames. If the sheer clamps are prop-
erly fastened to the frames, and this is easy to do, the deck beams
fastened to the clamps are much stronger than those fastened to
the heads of frames. It is usually difhicult to drive a fastening
through the side of a deck beam into the side of a frame, because
of the curve of the sides and the obstruction of frames or molds.

Carlins, Fitting, Fastening, Tie Rods

Carlins are fore-and-aft members of the deck frame; they sup-
port the coamings of the cockpit, the cabin trunk sides, and the
hatch coamings. Usually they are the same depth as the deck
ftames, but may or may not be as thick. The carlins supporting
the cockpit coamings and the cabin trunk sides are often sprung,
to allow these erections to follow the curve of the sides of the
hull and the crown of the deck fore and aft. The ends of the deck
beams are butted into the carlins, where the former are cut by
the latter. It is more or less a draftsman’s convention to show a
half-dovetail to make this butt. The end of the deck beam runs
into the carlin half the depth of the former and half or the whole
width of the latter. The Ealving of the deck-beam end is shown
with a half-dovetail and the carlin notched accordingly. The
point of the half-dovetail is in the direction of bow or stern, work-
ing either way from amidships. The ends of the carlins are simi-
larly shown, but with the points of the half-dovetail outboard,
where they are cut by deck beams. This is a fine finish, but it is
doubtful if there is any practical value to such a laborious butt
joint in small boats under 60 feet overall as there is so little timber
involved. The ends of the deck beams and carlins might as well
be halved without the half-dovetail. A good fastening driven
from the top of the deck beam, through the halving, into the
carlin will give sufficient strength for most hulls. A still easier
way is to butt the ends square and to hold in place with a lag
bolt driven through one member into the end of the other. This
is rather weak construction and tie rods between the carlin and
sheer clamp on each side are necessary. Sometimes the ends of
deck beams and carlins are not halved, but are half-dovetailed
their full depth; this is only possible when the members to which
they join are of greater depth. The method employed depends
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upon the amount of time the builder wishes to spend on work.
manship. The various dovetails are retty, but halving is he

quickest method; in any case the decking ‘will cover the work-
manship employed.

Partners, Blocking

If there is a mast, the partners may be heavier in scantling thap
the rest of the deck beams. Also there will be blocking, or knees,
worked in between the deck beam and artners, at mast and
along the sheer. Blocks are also to be fitted for small deck open-
ings and as foundations for deck fittings, such as windlass, winches,

Around the mast, in a boat having a set of partners, the block-
ing, or blocking and knees, is through-fastened fore and aft, from
deck beam to geck beam. If this is called for, the partners should
either be made up outside the boat or assembled and secured be-

to the beams, as the fastem'ngs merely serve to hold the blocking

in position until the decking is in place and the deck ﬁtting se-
cured.

Washboards, Covering Boards

If the boat has washboards it is probable that they are sup-
ported by the side frames, acting as brackets, The tops of these
must be cut to the proper crown. Then the top of the sheer clamp
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brackets, and deck beams, too, is fixed at the sides. The bevel
can be cut with the same tools used for cutting the bevel in the
chine logs, and a short straightedge, or adjustable bevel, will
serve to check the cut against the deck beams, or tops of the side
brackets. When the bevel has been cut, the fitting of the wash-
boards is a relatively simple operation. Usually the washboards
are one plank wide; it is obviously impossible to make the plank
in a single length and to spring it in place, edgewise. The usual
practice is to cut the washboards out of wide plank in short
lengths. Sometimes the butts are scarfed and edge-fastened; this
is a strong and workmanlike finish. In many boats the washboards
are merely butted, with butt blocks below deck. No directions
are necessary for shaping and fitting the washboards; if in one
width, they must be wide enough to permit beveling along the
sheer to meet the flare of the sides, and along the inside of the
carlins to allow the coamings to stand according to the plans.
When the washboards are f?tsted they are fastened to the deck
beams or brackets and also along the carlins and sheer clamp or
strake. It is 2 good plan to insert calking, wickinfg, or flannel,
soaked in paint, along the top of the sheer strake before fastening
the washboards. The washboard is usually fitted when there is a
deck laid; then it is called the “plank-sheer” or “covering board.”
Only when the deck is canvas covered is the washboard, or cover-
ing board, omitted.

Decking

The laying of the deck plank in a flat-bottom hull is usually
made as easy and simple as possible. If the deck is canvas covered,
the center plank is laid first, and then the planks on each side,
alternating from side to side, until the deck is completely closed
in. The long wedges formed by the deck planking along the sides
of the deck are of no great importance as they will be covered
with canvas; it is a good plan to edge-fasten them to the adjoin-
ing deck plank, however, with brads. The size of deck plank is
given in the plans; when the deck is canvased there is no par-
ticular point in using very narrow stock. However, the deck
plank should be laid with the annual rings curved against the
deck beams or the deck will soon show seam ridges which will
quickly cause wear in the canvas. If the deck is not canvased, it is
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usually wise to use plank not exceeding 4 inches in width. Where
deck Plank butt into the covering board they must be supported.
A strip may be screwed along the inner edge of the covering
boards to support the wedge-shaped butts of the decking in a
small boat; blocking between the deck beams is necessary in a
large hull. Tongue and groove stock is sometimes used for canvas-
covered decking. It is hardly necessary to discuss a bright deck
and the special methods of laying it, as it is rare that this class of
deck is employed in a flat-bottom hull.

Canvasing Decks, Fastening, Painting

After the deck is laid, the openings for hatches, cockpit, and
cabin trunk should be trimmed ready for coamings and the whole
deck planed and sanded. Then the canvas may be laid on the
deck. Canvas for decks and cabin roof tops usually ranges from
7 to 11 ounces, 10- or 11-ounce canvas for decks that receive
much usage. The canvas can usually be obtained in lengths equal
to the deck length, but often must be made up of more than one
width to cover the expanse of beam. It is very common to find
decks in which the canvas is glued or cemented to the deck
plank. This, contrary to popular belief, is not a good practice
as wood will often swell enough to put such a severe strain on
the canvas that it splits along the seams. On the other hand, a
canvas deck laid in wet paint will be as smooth as a cemented
deck; yet the bond will break before the canvas splits and re-
placement of canvas is a much easier task. Very successful decks
result from laying the canvas on a dxgr deck without cement or
paint. Experience and observation indicate that the life and ap-
pearance of the canvas deck is not improved by cementing it to
the plank; the method used to paint and finish it is the important
consideration. Whether the canvas deck is laid dry, or in wet
paint, the canvas should be perfectly clean and dry. The canvas
should first be stretched along the center line of the boat, tacking it
at the ends of the boat and along the center line, when it is stretched
as taut as possible. In a small boat, two men can stretch the canvas
hard by rolling the ends around a staff to give a grip for the
hands. If the boat is over 20 feet long it is a good plan to clamp
the ends of the canvas between two staffs, after rolling it around
one, then to clap on tackles to give a fore-and-aft pull. A bridle
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can be secured to the ends of the staffs to take the hook of the
- blocks of the tackles.

When the canvas has been stretched and secured along the
center line, it is then pulled out to the sides of the hull and tacked
along the side of the decking, or to the top of the sheer strake,
if the guard is to be of sufficient depth to cover tacks so placed.
The canvas should be secured with %-inch copper tacks having
good flat heads. Space the tacks about 3 inches apart, or a little
less if the canvas is thin and light. If laying the canvas in wet
paint, iron out all air bubbles and creases with a wooden block,
before tacking. It is best to stretch the canvas over all deck open-
ings and then tack, before cutting the canvas for them. Put tacks
only along the seams and where required; do not scatter them
promiscuously about the deck. At the cockpit coamings and
cabin trunk sides, tack the canvas at the corners before cutting
for the openings, then cut back enough to allow for a flap which
will turn up or down, as shown in the plans. If it turns down
inside the carlins the flap should be stretched and tacked as soon
as cut; if not, it may be tacked along the opening on deck. When
the canvas is stretched and smooth, it may be trimmed a little
clear of the tack heads. If the canvas is laid in wet paint, it may
be given a coat of priming; this should be thin and brushed into
the canvas. If the canvas is laid “dry,” most builders dampen it by
sprinkling with a whisk broom dipped in water after it is in place.
This shrinks the canvas, and painting is begun before the canvas
dries out. After the priming coat is dry, two or three flat coats
are put on, finishing with a good deck paint. It is well not to try
to get a §lossy deck, as the result will be a short-lived job of can-
vasing. If too much paint is laid on, the surface will crack, or “alli-
gator,” and in time the canvas itself will crack. Builders have
many ideas about painting canvas; most of them seem to work
well enough. Some dampen the canvas with water and paint while
wet; others depend ugon stretching well.

There are only a few “don’ts”: do not use airplane dope, un-
less you expect to sell the boat before you have to recanvas the
deck. Glue and cement should be avoided for the reason already
mentioned; if you do use it, get rid of the boat before the deck re-
quires recanvasing. These materials will cement the canvas to the
deck so securely that it is easier to redeck the hull than to scrape
or burn off the canvas, in most cases. Sometimes it is desirable to
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paint a canvas awning on the top, yet not paint it underneath.
This can be done by wetting the canvas thoroughly and painting
the top while still sopping wet. The water will prevent the paint
from penetrating the canvas and will retard drying enough to
form a film, which will settle and cement to the surface of the
canvas as the water dries out from underneath the awning.

Remarks—Seams, Spacing of Fastenings

The only important matters not yet mentioned in regard to
canvas-covered decks are: be sure the deck is smooth and fair
in crown, and thoroughly clean of dust and dirt, before laying
the canvas. Rubbing in the prime coat.of paint with a smooth
wooden block (the paint being rather thick and the canvas
dampened with water before the paint is laid on) will help to

t a glossy deck, if you are willing to pay the price of such a
bit of finish. If the canvas is to be made of two or more widths,
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the seam should not be formed by merely butting the canvas.
The best way is to take the canvas to a sail or awning maker and
have him sew the lengths together, with an inch overlap and a
double seam. Another way, to be used when this is not con-
venient, is to double the edge of the piece first laid, with the edge
upward; then lay the next piece with the edge doubled back,
downward, to interlock with the first flap. The width of the
flaps should be an inch or so. When the flaps are tacked to-
gether in wet paint, the result will be a tight seam. Tacks had
better be spaced about 1 or 1% inches apart, along such a joint.

Hatches, Deck Erections

The erections on deck can be built when the deck is com-
pleted and the guards, half-rounds, or rub battens fastened along
the sheer. The construction of deck erections is shown in the
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plans and few comments are necessary. Generally speaking, it is
best to set the coamings of cockpit and hatches, and cabin trunk
sides, on top of the deck and secure them with through-edge
bolts, or with long screws from under the carlins. The inside face
of the carlin and the raw edges of the deck and canvas can then
be covered with a thin “inner coaming,” or finish piece. In half-
decked boats, where a tight deck is of no particular moment, the
coaming of a cockpit is often nailed to the inside of the carlins
and a piece of quarter round is then run along the seam on top of
the deck, against the coaming. The construction of a cabin roof
1s the same as that of the deck, but will be discussed in a later
chapter. Hatches may be required in a flat-bottom hull and their
construction may be detailed on the designer’s plans. However
the hatch is formed, there is one important point to remember in
building a tight hatch cover: the corners of the frame must be
halved together. In laying out the frames, note which way the
planking of the top will run. Make the framepieces that cross the
hatch-top seams with the halving cut from the bottom of the
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70. Hatch Frame Construction

pieces; the framepieces running with the planking with the halv-
ing are cut from the top of the pieces. When put together, the
pieces across the run of the planking will reach from edge to edge
of th.e frame, and, when the planking is fastened, will prevent
opening up of the frame. If this plan is not followed, the frame
will open as the swelling of the planking will cause the end fasten-
ings of the outside planks to tip the frame at the top of the corners.

Deck Fastenings

Fastenings in the deck and deck erections are usually nails and
screws. The hold-down bolts in a cabin trunk can usually be
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made of rod threaded at one end, or both, as desired. The bolts
should be so arranged that they can be taken up from below deck.
Space hold-down bolts about 12 inches apart when possible; keep
clear of the portholes or cabin openings.

Centerboard Case

Centerboard cases should be made up and fitted to the hull, if
not a part of the keel structure. When the case is completed, its
bottom can be scribed to fit the bottom planking or the strong-
back inside the planking. Fastenings are usually screws, or nails,
driven from under the bottom. Take care that the board is placed
exactly as shown in the plans; also that the mast partners and
step are also exactly as shown there.

Leeboards

Leeboards are rarely seen in this country, but are useful alterna-
tives to a centerboard. In a small boat, the leeboards may be
pivoted to the sheer strake with a machine bolt. This should be
placed so that it passes through a frame and the sheer clamp if
possible, or through blocking bearing on the frames. In a large
boat the pivot bolts are subject to heavy strains and should be so
fitted that the leeboards can become “broken winged” without
tearing loose from the hull. This is caused by neglecting to lift
the weatherboard, which is then forced away from the hull by
the leeway of the boat, bringing a tremendous leverage on the
pivot bolt and often tearing the board away from the hull. This
can be avoided by using a bushing in the board and using two eye-
bolts, eye within eye. One eyebolt goes through the hull, the other
through the bushing in the board, loosely. The bushing may be
omitted by employing two eyebolts connected by a link. The
best way to secure these bolts is to have slots cut in the shanks
and to drive in wrought-iron wedges over washers. Nuts will
corrode on the threads and make removal difficult. If the pivot
is above the deck line, the same result may be accomplished by
using a few links of chain as the pivot. In a well-finished job,
the pivot bolts should be cast of bronze and made in a gooseneck
or universal joint form, or eye-in-eye, or two eyebolts connected
with a link.
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71. Leeboard:

Another plan is to confine the board to the hull with an iron
bar, shaped to pass outside the board just above the chines, with its
ends secured to the hull beyond the sweep of the board along
the side. The leeboards should be made in a streamline form (cut
lengthwise) in cross section or wing shaped. The flat side is faced
outboard from the hull and the curved, shaped side against the
hull. There should be a rub guard to take the chafing of the boards
when down; this should parallel the water line or sheer. The
boards should be ballasted so that they will sink. In rough water
service the board is long and narrow; for smooth water service

Flat-Bottom Hull Construction 267

the boards are shorter and wider. The board can be proportioned
roughly thus: one half the boards’ length must be below the chine;
their width should be about one half the length. The boards should
be fixed so that they will tumble-home when both are down, that
is, their lower ends should be farther from the center line of the
hull than they are at the pivots. There are many ways of raising or
lowering leeboards; heavy boards may be operated by a chain and
a gypsy wheel, the latter mounted on the cabin roof and turned
by a shaft and a crank in the cockpit. A trough over the cabin
roof will prevent the chain from chafing. The gypsy may be
locked by a catch on the crank. By this means one board is
automatically lifted as the other is lowered. The boards should be
also fitted for tackles, as emergency lifts.

Power Installation

Power installation in a flat-bottom hull requires mention. The
engine beds should be fitted with cross-bearers that reach to, and
rest on, the tops of the chine logs. Usually there is a great deal
of pitch to the shaft line in a flat-bottom hull and it may be wise
to check the angle before selecting an engine, as some will not
operate well at marked angles of pitch. Universal joints can be
utilized, but are not satisfactory if over a slight variation, between
the angle of the shaft and that of the engine, is required. If an
outboard engine is to be mounted on the transom, the latter must
be cut to fit the engine height (shaft length) and be well fastened

and braced.

European Setup—“Dory” Type

Flat-bottom hulls, with their bottoms planked lengthwise, are
often set up in a manner entirely different from that described in
this chapter. The bottom is expanded from the loft drawing and
assembled with cross-cleats or frames. A setup is then made of
posts, or cross-bearers, with their tops set to heights required to
give the profile curve of the bottom. The latter is then set on
these stocks and forced to the proper curve by stays or braces,
wedged to the roof truss of the shop, or to a ridgepole and stem
and stern setup. The sides are then put on with molds or frames
to give the required flare. The sides extend down over the edges
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of the bottom and the chine logs are often omitted. When re.
quired, they are put in place just before the side planking is put
on. This method is often used to build dories, but 1s more widely
used abroad. The bottom is difficult to repair and the construction
is not well suited to stand the strains set up in a sailing hull. The
more common method of setting up a flat-bottom hull whose

72. Dory Setup, Used in Europe More Generally than in America

bottom is planked lengthwise is to set up frames as molds and to
fasten keel, chine logs, and sheer clamps to them; then put on
the sides, and finally the bottom. This is the usual setup used for
V-bottom hulls planked lengthwise on the bottom. The edges of
the bottom planking are exposed along the sides when the hull is
built in this manner.

Bottom—Cross Planking vs. Fore-and-Aft Planking

The comparative advantages of cross-planking to lengthwise
planking in the bottoms of flat-bottom hulls have been discussed in
the first chaFter. Many yachtsmen are under the impression that
the seams of a cross-planked hull offer much greater resistance
than when fore and aft. Observation of full-sized hulls does not
bear this out and tank tests abroad are reported to have indicated
some advantage in cross-planking at certain low speeds. At high
speeds there appears to be some distinct advantages to cross-
planking, but as yet the information is not sufficiently complete
to draw definite conclusions. Ordinarily, the relative speed of
the flat-bottom hull cross-planked with reasonable care is the
same as that of a similar hull planked lengthwise on the bottom
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with equal care. The question, then, is not so much a matter of
relative speed as of relative ease of building.

Method of Expanding Side Planking

The expanding of the sides of a flat-bottom hull, so as to build
without stocks from plans, in the “by guess and by God” method,
is sometimes possible. It is doubtful that the results are as ac-
curate as is desirable, but the possibilities vary with the design.
To find whether this is practical, check the body plan in the
loft drawing. If the sections there show that the sides are parallel
to one another in every section, then the sides can be expanded.
The process is somewhat like that used fot expanding a transom.
First a line is struck across the sides of the sections in the body
plan; this is drawn like a diagonal and must be at right angles to
every station it crosses. The two sides of the diagonal must cor-
respond in the body plan; the diagonal must intersect on the
center line and cross the base at equal distances from the center
line. The first step will be to expand this line to find the true

acing of the stations. This may be done by fairing the line in
half-breadth as a diagonal, marking the batten at each station
in this elevation while it is on the floor. The batten is laid out
on a straight line and the expanded spacing of the stations marked
off. The stations are then drawn as perpendiculars to this line,
extending a short distance above and below it. Next the distances
from the diagonal, in the body plan, to the sheer and to the chine
are laid off on a2 measuring staff for each station, measuring along
the flare of the side. These measurements are transferred to the
expansion and are set off on the corresponding stations there. So
far there is little likelihood of trouble. The expansion of the ends
of the sides is likely to be difficult, however. Perhaps the most
accurate way is to draw another diagonal like the first and to
expand its length, stern to rabbet of the bow, in exactly the same
manner. If there is a reasonable difference in the height of the two
diagonals in the body plan, the ends (when expanded) will be
sufficiently decided to enable the proper rakes to be laid out.
When the sides are being laid off, t?\e two diagonals are parallel
and the same distance apart in the expansion as they are in the
body plan, measured along the flare of the sides, of course. When



