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Laying Down and Taking Off

Chapter I

1a. L.AYING DowN A SMALL WOODEN VESSEL

A designer expresses his ideas of shape and construc-
tion by means of drawings and written specifications,
the drawings being made to scale (smaller than full
size) and in sufficient detail to convey to the builder
all necessary information about shape and construction.
When a set of boat or vessel drawings is received by a
builder, he enlarges the lines drawing to full size. This
is called “laying down” and when this is done the prin-
cipal construction details are enlarged to full size, and
necessary full-sized templates, moulds and patterns are
made for the builders. This work is called “taking off”.

Laying Down and Taking Off work is done on the
floor of a well-lighted room called a mould loft. This
floor is usually sufficiently wide and long to “lay down”
the largest sized vessel that will be built in yard. Nearly
every shipyard has its mould loft, the majority being
constructed in such a manner that the entire floor is free
from posts and obstructions, light being admitted on all
sides and from overhead.

As I desire to make my explanation perfectly clear
to men not familiar with work done in a mould loft, I
will first describe and illustrate the work of “laying down”
a small commercial vessel to be constructed of wood and
afterwards explain the work of “laying down” a vessel
to be built of steel.

Fig. 1 illustrates the scale lines drawing and Figs.
2 and 3 construction drawinizs of wood-constructed
vessel I am going to “lay down”.

ExpLANATION OF FIGURES 1IN CIRCLES ON No. 1
ILLUSTRATION

Figures marked in circles are placed on drawing by
me to aid the reader in identifying each line and to
explain the order in which the various lines are usually
“laid down” by a mould’s loftsman. They are not a part
of a lines drawing.

List or NuMeraLs IN CIzcLES AND NAME oF EacH LiNe

1al.

Profile View Body Plan

1 Base 21 Center line

2 Perpendicular 22 Rabbet

3 Ordinates 23 Half-width at Stem

4 Water-line planes 24 Cross-section No. g

2 Sheer and top of rail 25 “ o “
Bottom of keel 26 ¢ “ ¢« 5

7 Rabbet 27 0 “ “ o oo“ oy

8 Top of deck 28 : :: : 3

Half-Breadth View 2 « o 2

9 Rabbet ¥ L w g

10 Front of stem 3r e

11 Top of rail 32 w w9

12 Sheer 33 ““ . . 1o

13 LWL A4 “« “ “ !I%

!4 gg [ [ “ ;21

:g W.L. below Lw.l 37 Buttocks

17 38 ]S)}i’a%onals

18 W.L. above Lw.lL 39 aft

19 40 Shaft line on half-breadth

water-line view
41 Shaft line on profile
42 Buttock profile

20 Buttock lines
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1b. DESCRIPTION OF VESSEL
The design is for a small commercial power-driven

vessel to be constructed of wood. Its principal over-all
dimensions being : .

Length over all, g1 feet.

Breadth, extreme, 17 feet 6 inches.

Depth, extreme, from keel to top of stem head, 13
feet g inches.

Therefore, the dimensions of mould loft floor re-
quired to lay vessel down are:

Length not under 100 feet (a few feet more than ex-
treme over-all length).

Breadth not under 36 feet, if vessel’s lines are to be
laid down in locations similar to ones on lines drawing
Fig. 1, with profile view and half-breadth water-
line views separated, or 17 feet if lines are to be laid down
with. profile and half-breadth water-line views together,
the profile being laid down first with one colored crayon,

and half-breadth view with one of different color on
same part of floor as profile view, the base line of profile
being used as center line for water-line view.

As it is a more difficult matter to lay lines down in
the second manner (both views together on one portion
of floor), I will explain how work is done in that manner.

When “laying down” the lines of a vessel, the pro-
file and half-breadth water-lines are laid down first and
in such positions that inaccuracies of shape which can-
not be seen on scale drawings can be corrected. An im-
portant duty of the mould loftsman is to correct inac-
curacies and fair all the lines. The cross-sections are
“laid down” after lines shown on profile and half-breadth
water-line views have been faired or corrected, and it
is usual to “lay down” cross-sections on a different por-
tion of floor, or upon a large board that can be moved
from the mould loft to bending room. The reason for
doing this will be explained a little further along.
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1c. FAIRING THE LINES

It is a physical impossibility for a designer to get all
lines shown on a scale drawing absolutely fair, and to
take absolutely correct measurements from a scale draw-
ing. Therefore, the mould loftsman first marks out the
lines by using measurements supplied by designer and
whenever a line laid down to these measures does not
come absolutely fair and true he corrects it by moving
any measurement point that is out of position. The
mould loftsman must be careful not to materially change
the shape of any line; he only corrects inaccuracies.

The art of fairing lines can only be acquired through
practice, but in general it will be found that lines can
be faired more easily if a certain definite plan of pro-
cedure is followed. I have found that it is best when
laying down profile view to fair the sheer line first,
the keel and stem outline next, and the rabbet next.
When fairing half-breadth water-line it is best to fair
deck outline first, the L.W.L. next, then water-lines
below the L.W.L., beginning with one nearest to L.W.L,,
and last of all water-lines above water beginning with
line next above the L. W.L.

The work of fairing lines really consists of two
separate and distinct parts, the first or preliminary fair-
ing being done just before each line is marked and con-
sists of correcting apparent inaccuracies or irregularities
that appear in the batten sprung to measurement points.
The second fairing, done when buttock lines and diagonals
are being marked in, is most important, because it is
the final one made for the purpose of fairing the lines
in every direction.

1d. DescriptiON OF MouLp Lorr FLoor

The floor of a mould loft must be perfectly level and
smooth. It should be constructed of tongued and grooved
strips of hard wood, and it is advantageous to have
planks laid diagonal to side of floor that will be used as
base line. Sometimes the floor of a mould loft is painted
either a dull black or white, because colored lines show
more distinctly on a painted surface.

Alonia lengthways edge of floor a fixed perfectly
straight batten is .secured, the inner edge of batten being
used as a base line (1) when “laying down” and serv-
ing the double purpose of clearly indicating base line and

also as a guide for ends of measuring battens when these
are used for measuring “laying-down” lines. It is a good
plan to paint base batten black and clearly mark along
its top ordinate numbers and frame positions.

I will now assume that floor of mould loft with base
batten is ready. (See Fig. 4.)

The first work is to mark on floor the over-all per-
pendiculars (2), space off ordinate or mould lines (3),
and mark them across mould loft floor at exact right
angles to base line.

As “laying down” a vessel’s lines really consists in
making a full-sized reproduction of the designer’s scale
drawings, the mould loftsman must, before he begins his
work, endeavor to clearly understand the designer’s in-
tentions as regards shape of lines.

Over-all perpendiculars (2) are marked off in this
manner: A point is marked on base line to indicate where
forward perpendicular is to be located and over-all
measurement is taken from this point along base line.
The after perpendicular is marked at point where over-
all measurement reaches. These perpendicular lines must
be at exact right angles to base and their length must
be sufficient to enable fore and aft line of profile that is
furthest from base to terminate against them. To insure
that perpendiculars are at exact right angles, the mould
loftsman first lays out the lines with a large A square
and then proves their accuracy by checking in this
manner :

1e. ExPLANATION oF METHOD OF PROVING THAT ONE
LINE 1s DRAWN SQUARE TO ANOTHER

The line 4, B, on Fig. 5, is a base line and it is
desired to draw the long line C, D, perpendicular to it.

Place edge of one blade of A square to follow base
line 4, B, and draw the perpendicular line C, D, very
faintly. To prove its accuracy use a pair of beam com-
passes, one point of which is placed at B and the other
at E. Describe arc E and then measure from C towards
A a distance equal to C, B. Describe aic F without chang-
ing compasses, and if it is found that point of intersec-
tion of the two arcs is exactly on perpendicular, the line
C, D will be exactly perpend’;cular to A4, B. If the in-
tersection is not on line you will know that C, D is not
exactly perpendicular.
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1f. DEescriPTION OF A SQUARES USED IN A MouLrp LoFr

These are made of pine or mahogany battens about
I to 14 inches, glued together to form strips 472 to 6
inches wide. The three pieces that form square are
halved and glued together, great care being taken to get
outer working edges of square exactly at right angles.
A mould loftsman usually has one or more of these
squares, the length of short blades being about two-
thirds the length of long one.

On Fig. 5 an A square is shown.

When the two perpendiculars have been marked and
proved, the mould loftsman proceeds to lay out ordinate
lines (3), or lines that indicate positions of erecting
frames. In this particular instance, the vessel being a
wooden one, the ordinate lines 1 to 12 are also the lines
that indicate where erecting frames, or first frames
erected, are located.

Ordinate lines are laid out in this manner: The mould
loftsman accurately measures along base line and makes
a mark where each ordinate line (3) is located. He
then places his A square at each point and marks the
ordinate lines on mould loft floor, being careful to get
them at exact right angles to base. The accuracy of
ordinate lines can be proved by either proceeding in the
manner explained by illustration Fig. 5, or by measuring
from upper end of forward perpendicular parallel to base.
Note this: 1f a line is drawn from forward to after
perpendicular exactly parallel with base line and along
this parallel line there is measured distances correspond-
ing with ordinate point distances measured along base
line, it is evident that if every perpendicular drawn from
a point on base line cuts the corresponding point on
upper parallel line, ordinate lines will stand at exact
right angles to base.

After ordinate lines (3) are marked, the parallel
water-line planes (4) shown on profile drawing are
marked. These lines must be parallel with base line and
the exact distance apart indicated on lines drawing. In
this particular case, the lines are 12 inches apart. Water-
plane lines, and in fact all long straight lines, are usually
marked by means of a chalk line, and after their accuracy
has been proved, they are re-marked more clearly with
a crayon or pencil, using a long straight edge as a guide.

1g. To MaARK THE LONG STRAIGHT PARALLEL WATER-
LINEs ON PrOFILE By UsSING A CHALK LINE

Measure up from base line, along forward and after
perpendiculars, and mark points where each water-plane
line (4) terminates. Next make similar measurements
on two or three widely spaced ordinates and mark the
points.

Now tightly stretch a well-chalked fine cotton line
from a point on forward perpendicular to a correspond-
ing point on after perpendicular and prove that the line
is straight and parallel with base by observing that it
exactly cuts points marked on widely spaced ordinate
lines. When satisfied that line is correct, have one or
more assistants stop the line at equal intervals by press-
ing it down to floor without shifting it, and then snap
line section by section. If the snapping is properly done,
the chalk on line will leave a perfectly straight mark on
floor and you can accurately re-mark it in pencil or
crayon by using a long straight edge as a guide.

Th. DESCRIPTION OF STRAIigH'r EpcGes USep 1IN A MouLp
FT

A mould loftsman must have one or more straight
edges to help when marking straight lines of moderate

length. These straight edges are generally made of
several narrow strips of mahogany or pine glued to-
gether, the width of the strips being about 1 inch and
total width of straight edge about 8 inches at center for
a straight edge not over 16 feet in length. The ends are
tapered as shown on Fig. 6.

When these lines have been marked, the profile view
can be laid out. Measurements for doing this are ob-
tained from table of offsets that is always attached to
a lines drawing. The mould loftsman usually lays down
profile view outline first, and in order to do this work
accurately and in the quickest manner, he first transfers
all measurements to a number of “taking-off” battens
and then by using these “taking-off” battens in proper
locations and butting one end of them against base line
batten, height line measurements can be more quickly
made than by using a rule.

1i. DEScrIPTION OF “TAKING-OFF”’ BATTENS

“Taking-off” battens are straight pieces of pine having
either flat or triangular cross-section and sufficiently long
to enable the greatest height or width measurement to be
transferred to them. One end of each batten is finished
perfectly true and square, so that it can be butted
against base-line batten and held there while a measure-
ment is being transferred from “taking-off’”’ batten to
mould loft floor. On illustration Fig. 5 a “taking-off”
batten with rectangular cross-section 1s shown, and on it
I have marked a series of lines to indicate just how a
mould loftsman marks measurements on such battens.
The batten illustrated has marked on it all necessary
height measurements for No. 1 ordinate. The lower
mark indicates height bottom of keel is above base; the
next mark indicates height of rabbet above base; the next
mark indicates height of sheer above base; the next one
height of center of deck line above base, and upper one
height of top of rail. Thus, by placing this batten
against base line at No. 1 ordinate position and having
it follow ordinate line, the mould loftsman can quickly
and accurately transfer measurement points for all profile
height measurements on No. 1 ordinate.

All measurements for profile view are made from
base line (1), and all measurements for half-breadth
water-line view are made from center line (1a), in
exactly the same manner that they are made by the
architect when preparing the lines drawing.

The usual method of marking points of measurement
on a mould loft floor is to mark a small dot or cross and
enclose it within a circle, the center of dot or cross in-
dicating the exact point of measurement and the point
where pinning nail for guiding batten is driven. For
this vessel the mould loftsman will require four battens
for “taking-off” height measurements of profile view.
This is because each batten has a rectangular cross-
section, therefore, a separate series of measurements can
be marked on each face. Thus, the first batten will have
marked on it measurements for Nos. 1, 2, 3, and 4
ordinates, the second for Nos. 5, 6, 7 and 8 ordinates,
the third for Nos. 9, 10, 11 and 12 ordinates, and the
fourth heights for stem and stern.

I will now assume that all profile height measure-
ments have been marked on battens and transferred to
the mould loft floor. The mould loft floor will now have
the appearance shown on Fig. 9, and the mould loftsman
can proceed to mark in the profile outline. I will ex-
plain how this is done, but before doing it I will briefly
describe the battens used in a mould loft for drawing
long curved lines.
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1k. DESCRIPTION OF “LavING-DowN” BATTENs USED
IN A MourLp LoFt

These battens are made of clear pine in long lengths,
and if one length of material is not sufficiently long,
two or more pieces are carefully spliced together, the
usual method of splicing being a long tapered glued splice
as shown on Fig. 7. By making a splice of this kind the
batten will bend to a true curve. Three kinds of battens
are used: (a) Battens that have the same cross-section
area from end to end. These are used for guiding the
pencil when drawing long lines that have a regular curva-
ture from end to end, such as a sheer line. (b) Battens
that taper towards one end. These are used for guiding
the pencil when drawing lines having a curvature ‘that
changes at or near one end, such as the after end of a
load water-line. (c) Battens that taper towards their
center. These are used for guiding the pencil when
drawing lines having an abrupt change of curvature some
distance from end, such as the forefoot of a stem. In
a mould loft there is always a large number of battens
of each kind, the dimensions of cross-section varying.
Some of the battens have a square cross-section varying
in size from 1% by 1% inch down to 3 by 34 inch.
Another kind of batten used very frequently is one hav-
ing its width greater than its thickness. It is usual to
make these battens two times as wide as they are thick,
some being 2 inches wide and 7 inch thick and others
various sizes down to 3§ inch wide by 4 inch or less
thick. The very small battens are used for guiding the
pencil when drawing very abrupt curves.

1. EXPLAINING THE WAY T0 USE BATTENS For GuID-
ING THE PeENciL WHEN DRAWING LoNG CURVED
SHEER AND OTHER LINES ON A MouLb
Lorr FLoOR

For the sheer and top of rail lines (5) the mould
loftsman selects a rectangular cross-section batten that is
sufficiently stiff to require a little pressure to bend it to
the measurement points. This batten should, if
possible, be sufficiently long to extend from end to end
of line, but if this length of batten is not available a
shorter one can be used; but it is important to remember
great care has to be taken, when using a shorter batten,
to prevent a flat spot appearing in line at points where
end -of batten reaches to. The mould loftsman drives
a wire finishing nail, a little longer than width of batten,
through the center of each sheer measurement point, and
when this has been done he bends batten against the
nail and holds it in place by driving additional nails
against the other edge of batten. Frequently with the
batten resting against all measurement point nails there
is some slight irregularity in the curve. Irregularities
must be corrected, by the mould loftsman, without mak-
ing any radical change in line, so as soon as sheer batten
is bent, the mould loftsman looks along it, notes any
irregular spots and has his assistant move nails here and
there until the line is fair and batten is moved as small
a distance as possible (average) from the original
measurement points.

It is very important to remember that whenever a
long batten is bent to a curved line the tendency is for
ends of batten to assume a flat shape. The mould lofts-
man, knowing this, always lets the ends of a batten ex-
tend several feet beyond the termination points of a
curved line and he puts sufficient tension on the ex-
tended portions to obliterate any flatness. This same

method is followed when using a batten that is not suffi-
ciently long to reach from end to end of a line. The
last several feet of such a batten is not used as a guide
for marking, but as an end for the purpose of eliminating
flatness of curve. Fig. 8 shows a short batten in position
for marking a portion of sheer line of design being laid
down. Note the extension of batten ahead of stem, also
note X mark, which indicates where marking of line must
terminate until batten is moved to a position that will
enable the line to be continued aft in a fair curve. I
have shown a short batten in use because I desire to call
your attention to the importance of allowing the ends of
such a batten to extend.

The whole of sheer line (5) is marked and then nails
are driven at points along outside of keel line (6),
batten is bent, fastened in place, faired if necessary, and
outside of keel line (6) is marked. It is usual to com-
mence to mark this line from stern and work forward,
a fairly stiff batten being used for portion of line that
extends from stern-post to No. 2 ordinate, and then a
center tapered batten that is sufficiently limber to bend
around the forefoot up to stem head. Small battens are
used for bending around curves of stern-post and horn-
timber. After profile outline is marked, nails are driven
along rabbet (7) line points and rabbet line is marked
very faintly. This line is marked faintly because a little
later it may be found necessary to change its shape at
various points, especially along forefoot. I will explain
later the reason why this change may be found necessary.

The center of deck line ‘(lg) is next “laid down”.

After profile outline and rabbet are marked the mould
loftsman lays down the half-breadth deck and water-
line view. Measurement points for this view are ob-
tained from offset tables and are marked on taking off
battens in exactly the same manner that measurements
for sheer were marked. You will remember I mentioned
that it is my intention to explain the way to lay down
half-breadth water-lines on same space that profile is laid
down, therefore, base line for profile now becomes middle
line for half-breadth water-line view and ordinate lines
used for profile become ordinate lines for half-breadth
view,

To avoid possibility of confusing the points and lines
of profile with those of half-breadth water-lines I use
a different colored crayon for each set of lines. My
usual practice, on a white painted floor, is to use Dixon’s
black crayon for perpendiculars, ordinate lines, parallel
straight water-lines on profile, sheer and profile outline,
rabbet and bearding line.

Blue crayon for deck outline and water-line of half-
breadth water-line view.

Red crayon for buttock lines on both profile and half-
breadth view.

Green crayon for diagonal lines.

Thus each set of lines stands out clear and distinct,
and it is an easy matter to follow any selected line.

When all half-breadth measurement points are trans-
ferred to mould loft floor the mould loftsman marks the
lines that indicate half-width of rabbet (9) at stem,
keel and deadwood, on half-breadth water-line view.
This line extends from forward to after perpendiculars
and is drawn the distance out from center line of keel
that rabbet is away from center line. This is usually
half siding of keel, stem and deadwood. In this design
the line is parallel to center line of keel, but frequently
in small vessels the width of rabbet increases at shaft-
log. Measurements for rabbet widths at each ordinate
are obtained from offset table. He next marks lines at
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stem and stern, to indicate half-widths of each water-
line at its points of termination (10).

If you look at bow of any vessel you will see that
the extreme forward end of stem does not taper down
to a knife edge but has some width. On the design
being laid down this width is 1 inch at stem head, there-
fore, the half-width of deck at extreme forward end of
stem is % inch, and this 24 inch width is carried down to
where water-line No. 3 cuts stem, and from this point
it begins to increase in width until at a point about 1 foot
aft of No. 1 ordinate it becomes the same as that of keel.

The width of front of stem is shown on half-breadth
water-line view by a line drawn the proper distances out
from center line of keel (10). On Fig. 1 illustration
this (10) and the rabbet line (9) are clearly shown.

The mould loftsman transfers termination points of
water-lines and rabbet in this manner (bear in mind that
base line is now also center line of half-breadth view):

LAYING DOWN AND TAKING OFF

spot in line between Nos. 1 and 2 ordinates. This irregu-
larity can be removed by either moving batten out at
No. 1 ordinate and letting it remain in its place at No. 2,
or by moving batten in at No. 2 ordinate and letting it
remain in its place at No. 1. The question for mould
loftsman to decide is which of the two methods of cor-
recting the irregularity is best. The irregularity may only
be a small one, but it is very important to correct it in
such a manner that the designer’s intention as regards
shape of lines be adhered to. Bear in mind that in the
majority of instances an alteration in the shape of one
water-plane will affect one or more of the water-planes
immediately above and below the one that is changed,
and thus the designer’s ideas of form can be changed very
materially by a mould loftsman unless he is very careful.
Fairing a line should always be done in such a manner
that shape remains as nearly like the drawing as it is
possible to have it.
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Fig.

He uses a square, placing one edge against base batten
and other edge to cut point where one of the parallel
water-plane lines crosses stem or stern outline of pro-
file, or rabbet, as the case may be; the standing edge
of square is then used as a guide and a line drawn from
point on profile down to line that indicates half-width
of front of stem, or of stern, or of rabbet, as the case may
be. This line is drawn faintly because it is not a portion
of laying-down lines. ‘

Fig. g illustrates appearance of mould loft floor when
profile and half-breadth view measurement marks
have been transferred, and Fig. 10 illustrates appearance
when lines 1 to 19 have been marked on floor ready for
fairing.

The mould loftsman when laying lines down to
measurement points such as these are makes the longi-
tudinal lines fair to the eye by correcting irregularities
due to evident mistakes in measuring offsets from scale
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Fig. 10

Forward and after points of termination of all water-
lines are drawn and transferred in this manner and after
this has been done points where each water-plane line
crosses rabbet line are transferred down to half-width of
keel line (rabbet).

After the points of termination water-planes and of
rabbet have been transferred, the top of rail outline (11),
deck outline (12), L.W.L. (13), and half-breadth water-
planes (14 to 19), are marked, the various lines being
laid down in the order indicated by numerals. The pre-
liminary fairing of these lines is an important detail.

I will assume that top of rail (11) and deck outline
(12) have been laid down and found to be accurate.
The next line to lay down is the LW.L. (13). Now
let us assume that when batten is bent to measurement
points of L.W.L. it is found that there is an irregular

drawing, leaving the final fairing of lines until body plan
has been laid down and buttocks and diagonals drawn.
Accurate fairing cannot be done without tie use of but-
tock and diagonal lines.

1m. LaviNg DowN Bopy PLaN

The body plan is next laid down on a portion of floor
entirely apart from longitudinal profile and half-breadth
water-lines. The floor is prepared by marking base,
center line and parallel water-plane lines, and then
measurements for cross-sections are taken, on measure-
ment battens, from the profile and half-breadth lines al-
ready laid down and transferred, because by doing the
work in this manner cross-sections will be laid down to
corrected measurements of lines already laid down and not
to original measurements given on table of offsets. You
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must bear in mind that when laying down lines it is neces-
sary to have corresponding measurements alike on all
views, therefore, whenever a line is changed on one view,
? similar change must be made on all other views of same
ine.

Fig. 11 shows appearance of floor after straight
parallel water-plane lines, center line and base line for
cross-sections have been laid down, and Fig. 12 its ap-
pearance after cross-section outlines have been marked.
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Fig. 11

The cross-section outlines are at this time marked on
floor very faintly, because later it will no doubt be found
necessary to make corrections, and in addition to this it
will be necessary to take off the thickness of planking
after cross-section shapes are faired.

In. TAKING OFF THE THICKNESS OF PLANKING

The lines of this vessel are drawn to outside of plank-
ing, and as it is necessary to use patterns of cross-section
shapes as guides for shaping frames, the mould loftsman,
after lines have been faired, takes off the planking by
marking lines the exact thickness of plank inside cross-
section shape lines. This is done by setting a pair of
carpenter’s compasses to exact thickness of planking,
bending a batten to follow outline of the section and then
by letting one leg of compasses follow along inside edge
of batten, the other leg, with pencil point attached, will
scribe a new line the thickness of plank inside cross-sec-
tion outline.
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On Fig. 13 I show an enlarged view of two cross-
section outlines after thickness of planking has been taken
off. To aid you in understanding the drawing I have
shown original outlines in broken lines and outlines after
thickness of plank has been taken off, in full. This illus-
tration will be described after I have explained how lines
are faired.
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Fig. 13

10. FAIRING THE LINEs

I will assume that all profile longitudinal lines, half-
breadth water-lines and cross-section shape lines have
been laid down, and that measurements on all views cor-
respond. To fair these lines it is necessary to make use
of buttock and diagonal lines, because fore-and-aft and
transverse lines may look fair when viewed as they must
be on a mould loft floor as plane surfaces taken at right
angles to each other, but when viewed from other angles
irregularities may be apparent. Therefore to fair the
lines, which really means proving they are fair, buttock
straight lines are marked on both cross-section and half-
breadth water-line views, and then by making measure-
ments on cross-section view and transferring them to
proper places on longitudinal profile view, points are ob-
tained for the curved buttock lines on profile. Some ad-
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ditional points for getting buttock lines shaped at ends
of profile are obtained by marking verticals from points on
half-breadth water-line view to corresponding water plane
on profile. Fig. 14 shows an enlarged view of forward
portion of longitudinal profile and water lines, with but-
tock transfer lines and buttock shapes marked. For the
purpose of making the illustration clearer, I have marked
half-breadth water-lines in broken lines and buttock out-
lines and transfer lines in full.

It may be found that when a batten is bent to points
marked for buttock curved lines some points will be out.
When this occurs it is necessary to look over longitudinal
and cross-section lines very carefully and determine
change necessary to make buttock line fair. One of the
best ways to fair is to let buttock line batten bend to a
fair curve, paying no attention to the point, or points,
that is out, and then measure from batten to where but-
tock does not cut its measurement point, transferring this
measure to corresponding buttock line on cross-section
plan, and ascertain if a fair curve of cross-section can be
obtained when cross-section shape is altered to cut the new
point. If it can be obtained, transfer corrected cross-
section measure to half-breadth water-line view and note
if, when water-line is changed to meet this point, the
water-line shape will be fair. If it is fair to look at,
you can be reasonably certain that the change should be
made. In practice it will be found necessary to make
several changes before all lines are fair and measure-
ments on all views correspond. Take one buttock at a
time, beginning with buttock nearest keel.

After buttocks have been marked and corrected, the
final fairing is done by means of diagonals.

1p. FINAL FAIRING BY UsING DIAGONALS

Straight diagonal lines (38 on cross-section view) are
marked, measurements are taken along them and trans-
ferred to mould loft floor immediately above longitudinal
profile view, the upper water plane of profile view being
used as center line for diagonals. Bear in mind diagonal
measurements are taken from center line of cross-sec-
tion view along diagonal straight lines to where each
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cross-section outline crosses a diagonal. Measurement
battens are used.

On Fig. 10 I have drawn the diagonal curved lines and
indicated the line on profile view used as center line when
laying down these lines.

Diagonal curved lines indicate the approximate path
of travel of water around and under a vessel, and if lines
of vessel are fair, the diagonal curved lines will be fair
curves from end to end. Any irregularity in one of these
lines will indicate a flat spot or a bulge in form, and of
course it is necessary that mould loftsman correct diago-
nal, cross-sections and half-breadth water-line at any
point where diagonal shows any irregularity.

The fore-and-aft, and cross-section lines have now
been laid down and faired, but before making the tem-
plates, it is necessary that shaft line be marked, that
correctness of rabbet be proved, and that bearding line
be marked at its proper distance from rabbet of keel,
stem, deadwood and stern.

To mark shaft line use measuremerits given on table
of offsets, mark points where forward and after ends of
shaft line terminate, stretch a chalk line from point to
point, and then prove that line is correctly located by
making an intermediate measurement along an ordinate
the line crosses and checking it with measure for that
ordinate given on table of offsets.

The important thing to bear in mind when laying out
shaft line is to have line at engine location sufficiently
above top of keel to allow engine to be installed without
having to cut away any construction material, and to
have line at propeller wheel location sufficiently below
water to insure that propeller will be properly immersed
and clear hull.

As this vessel is to have twin screws, the shaft line
passes through hull at some distance out from center line;
this does not alter method of laying down shaft center
line, but it makes it necessary to mark lines on both pro-
file and half-breadth water-line views.

1q. RaBBET AND BEARDING LINE

The rabbet indicates line where outside of planking
butts against keel, stem, etc., and bearding line indicates
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where inside surface of planking touches wood of keel,
stem, etc., therefore, the two lines must always be at least
the thickness of planking apart-at points where frames
are “dead flat”, and must, of course, move further apart
as inclination of bottom of frames becomes more vertical.
To find the measurement points for bearding line proceed
in this manner:

1r. OBTAINING MEASUREMENT POINTS FOR BEARDING
LINE

The mould loftsman has already marked on the cross-
section plan outlines of section shapes to outside ]
of plank and of shapes with thickness of planking
taken off, and there is also marked on this view
half-thickness of keel and stem lines (22) drawn
parallel with center line (21).

As the bearding line is located where inside of
planking touches wood of keel, to obtain points
for bearding line along keel, all that is necessary
is to measure up from base line on cross-section
view to where each inside of plank cross-section
shape outline (the heavy lines on Fig. 13) touches
half-wid:h of keel line and transfer these meas-

= <

/ = e e S
4 [ aer—— Ai\
/ / P 1
P w— —— — “\
Mrorong link. T A s
Bamar Line
jmuau.m/
Figs. 18 and 16

ures to proper ordinate on profile view. A batten bent
to cut these measurement points will, if rabbet line is fair,
bend to a fair curve and indicate the exact shape and
position of bearding line along keel. Measurement points
taken from cross-section shapes will only enable bearding
line to be drawn from No. 1 section aft to No. 12, there-
fore, it is necessary to obtain additional measurement
points for marking bearding line along stem and stern.
These points are obtained in the manner indicated by
Fig. 15 illustration.

Fig. 15 is an illustration of stem and on it is shown
rabbet and bearding lines and cross-section shape of stem
at various points. There is also shown lines to indicate
method of transferring points for obtaining shape of
rabbet and bearding lines on profile view. The beardi
line indicates where inside of plank touches wood ?)%
stem, keel, etc., therefore, if a line to indicate thickness
of planking is drawn inside of and parallel with each
water-line where it crosses the half-width of stem line,
points for bearding line are obtained, and by measuring
distance each point is away from rabbet line and trans-
ferring measurements to water-line planes on profile
points for position of bearding line at each water plane
can be obtained. The easiest method of transferring both
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rabbet and bearding line points to the profile view is by
drawing verticals in the manner shown on Fig. 15.

On the Fig. 15 illustration some of the water planes
have been omitted from the half-breadth water-line view.
This has been done to avoid confusing you by having too
many lines.

When points are marked on profile a batten can be
bent to cut them and shape of bearding line from No. 1
section position to stem head marked. This mark should
be drawn faintly at first, because it will no doubt have to
be corrected along the portion where outline of stem is
not at right angles to water plane.

If you look at Fig. 15, you will note that outline of
stem near where three lowest water planes are drawn
does not lie at right angles to the water planes. It there-
fore is necessary to prove the accuracy of bearding and
rabbet lines at these points. This is done by drawing
diagonal lines on profile at right angles to stem contour,
measuring widths and marking outline shape of diagonal.

On Fig. 16 I show one of these diagonal lines and
have marked at its forward end the thickness of plank
line and cross-section of stem.

It will generally be found that at points where con-
tour of stem stands at an angle that is much greater or
less than a right angle (like at two water-lines on illustra-
tion) some correction to both rabbet and bearding lines
will have to be made.

The cardinal principle of laying down lines of this
kind is to first mark shapes by using measurements given
on offset or transferred from other views and then cor-
rect as required.

You will note by referring to Figs. 1 and 2 that rab-
bet line runs in a fair sweep aft to stern-post and
then, after the slight jog at stern-post is past, it again
runs in a fair line aft to stern. The rabbet line can,
therefore, be accurately marked when laying down the
longitudinal and body plan lines, and bearding line can
be marked from measurement points obtained from body
plan after planking is taken off. As there is no shaft log,
the after deadwood, outside of rabbet, is practically one
thickness from rabbet to keel and stern-post. The fair-
ing of stern is done by running in two or three additional
short buttock lines (beginning about No. 10 ordinate
position) and outlining one or two additional cross-sec-
tions between No. 12 ordinate and stern. By transferring
measurements taken along these additional buttocks and
cross-sections points for fairing stern can be obtained
and the accuracy of stern outline proved.

It is necessary to mark rabbet and bearding line along
fashion pieces of stern (the curved pieces of timber that
form the stern). The way this is done is described
below.

The sheer line (5) and top of rail line indicate loca-
tion of upper and lower bounding lines of fashion pieces
of stern, and the space between these lines indicates width
of planking that continues around curved face of fashion
piece. This being the case the thickness of plank around
outside of fashion piece is “taken off” by drawing a line
the exact thickness of plank inside line that indicates out-
side shape of fashion piece of stern. This lirie will touch
bearding line of horntimber at its after termination point
and will indicate bearding line around fashion piece. The
i)iutside of plank line around fashion piece is the rabbet

ne.

A sufficient number of lines have now been laid down
and faired to permit the mould loftsman to lay out con-
struction details.
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1s. LAvyiNG DowN CoNsTRUCTION DETAILS

Builders have learnt that the easiest and least costly
method of getting shapes of the numerous pieces of
material that compose a hull is to make wood templates,
or patterns, of each piece and use them as guides for
marking and shaping the pieces of material that will be
used for constructing the hull,

Making templates is comparatively easy, and provid-
ing the lines have been properly faired and template
maker does his work properly, the templates will enable
the shipbuilders to accurately shape the pieces at far
less cost of labor than if they worked directly from
measurements taken from the lines marked on mould
loft floor. It has been estimated that every cent ex-
pended for mould loft work saves fifty cents of labor.

Templates made by mould loftsmen are usually made
of wood. For templates of a small craft, like this one,
basswood is an excellent material because it is light in
weight, tough, and not easily split by nails or tacks. For
small templates that will be used as patterns material
about 1§ or 3/16-inch thick is correct. Moulds that will
be used as guides when setting up steam-bent frames
must be made of heavy material (from 1 to 2 inches
. thick) because they must have strength enough to with-
stand strains caused by ribs bearing against the longi-
tudinal ribbands that are fastened to mould templates of

. this kind.

In this craft transverse framing below deck is com-
posed of steam-bent ribs to which sawed floor timbers
are attached, and therefore mould templates of heavy
material must be made.

I will, before proceeding further, explain the two
usual methods (steam-bent and sawed) of constructing
transverse framing of small craft and ships.

1t. STEAM-BENT FRAMING DESCRIBED

The transverse framing of boats and small commercial
or pleasure craft is usually steam-bent to shape. After
keel, stem, stern, etc., are set up a certain number of
temporary frames (called moulds), made of rough lum-
ber and shaped exactly like body plan outlines laid out on
mould loft floor, are set up at indicated points (the points
1 to 12 shown on Fig. 1 are points for erecting temporary
moulds), and then a number-of longitudinal ribbands
are run outside these moulds and securely fastened to
them, to stern and stem rabbet, and to deadwood. These
ribbands are made of rather heavy material because they
have to withstand the outward strain of frames until
they are properly secured.

When these ribbands are fastened to the moulds their
inside faces accurately follow the shape that outside of
frame of vessel must be because the moulds to which
they are fastened are sufficiently close to properly guide
the ribbands, and the outside edge of moulds is exactly
like the shapes laid down on mould loft floor. Of course
the ribbands must run in fair, unbroken sweeps from bow
to stern. Lower view on Fig. 2 shows moulds in posi-
tion with sheer ribbands in place. In a craft of this size
about fifteen ribbands will be run in the space between
sheer and keel.

To frame a boat, or vessel with steam-bent ribs the
builder softens each rib with steam, and while hot bends
it to shape over a properly shaped form. When a rib is
cold and set to its shape it is removed from the form,
beveled, fitted in its place, and secured temporarily, by
driving nails through the ribbands into rib. You can
readily understand that when a rib touches all ribbands
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it crosses the builder knows that it is shaped correctly.
Several ribs are located between each two moulds.

The limit of size of rib that can be bent without the
use of special bending apparatus is about 3 by 4 inches
sided and moulded dimensions.

The bottom ends of ribs of this kind are secured to
keel, and each pair of ribs is tied together by riveting, or
bolting, a sawed floor timber to them.

When a boat or vessel, is framed in this manner it is
only necessary for the mould loftsman to lay out shape
of boat at each mould position; to do more than this
would be a waste of effort. The templates, or patterns,
of floor timbers can readily be made, after ribbands are
in place, by the builders marking location of each floor
on keel and then cutting out thin templates to fit in each
floor position.

Fig. 17 shows a mould template put together and
ready to fit in position, and Fig. 18 shows a pair of steam-
bent ribs fastened together with a floor timber.
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SAWED To SHAPE FRAMING OF VESSELS

Iu.

The transverse framing of vessels having frames made
of material that is too heavy to steam bend is sawed to
shape, each frame being composed of several pieces of
material fastened together with bolts or rivets.

As frames of this kind have to be cut out of straight
grained material the curvature of frame must be con-
sidered and the several pieces that compose a frame must
be cut and secured in such a manner that short grain,
which cannot be entirely avoided at ends of each piece,
will not weaken the frame when it is assembled. To
achieve this end it is usual to make each frame double
(of two sets of pieces fastened side by side) and place
the short grain portion of one piece alongside the long
grain of an adjacent one. Thus when the several pieces
are fastened together the frame is of equal strength from
end to end.



