
Table 1. (cont.)

Part

Masts
Spars
Derricks

a refers to Strength groups below
b refers to Durability p. 6.

Timber Strength Seasoned Durability in

group" weight marine craft"

Green Seasoned (kg/m'')

* Ash, alpine S4 SD4 650 Low

Ash, silver S4 SD5 670 Medium

* Fir, Douglas S5 SD5 550 Medium

* Gum, spotted S2 SD2 1100 High

Maple, Queensland S6 SD6 560 Medium

Pine, klinki S6 SD6 450 Low

Quandong, silver S5 SD6 460 Low

Spruce, sitka S7 SD6 430 Low

* Stringybark, yellow S3 SD3 900 High

Strength groups

Tables 2(i) and 2(ii) list basic minimum values for modulus of rupture, modulus of elasticity and maximum
crushing strength for each strength group within clear green and seasoned timbers.

Table 2 en. Basic minimum values for clear green timber.

Strength groups

Property SI S2 S3 S4 S5 S6 S7

Modulus of rupture (MPa) 103 86 73 62 52 43 36

Modulus of elasticity (MPa) 16300 14200 12400 10700 9100 7900 6900

Maximum crushing strength (MPa) 52 43 36 31 26 22 18

(
Table 2 (ii). Basic minimum values for clear seasoned (12% m.c.) timber.

Strength groups

Property SDi SD2 SD3 SD4 SD5 SD6 SD7 SD8

Modulus of rupture (MPa) 150 130 110 94 78 65 55 45

Modulus of elasticity (MPa) 21500 18500 16000 14000 12500 10500 9100 7900

Modulus of crushing strength (MPa) 80 70 61 54 47 41 36 30
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Table 3. Durability of non-preservative treated
heartwood under extreme conditions.

Durability
The term 'durability' as used in Australian Standard
1738-1975: Timber for marine craft, refers to the natural
resistance of non-preservative treated heartwood used
in the most extreme conditions andin the mostvulnerable
applications existing in a craft kept continuously at
mooring (Table 3).

Rating

High

Medium
and low

Description

Indicates that the heartwood should be
satisfactory under the above conditions.

Species with such ratings should be treated
with more caution and if amenable,
preservativetreated for rigorous conditions.
Timbers of these ratings may be suitable
without preservation when used in
applications where durability is not
particularly called for, as in craft which are
usually stored on shore under cover.

Plywood which has been completely impregnated with
approved fixed preservatives in accordance with
Australian Standard 1604-1980 Preservative treatment for
sawntimber, veneer and plywood is very resistant to'wood
decay.

Scarf joints through the full thickness of sheets are
permitted by agreement between the manufacturer and
the purchaser. The slope of the bevel of the edges to be
joined should be not less than the following:

For sheets under 13 mm in thickness, 1 in 10

For sheets 13 mm and over in thickness, 1 in 8.

Scarf joints should be bondedwithan adhesive of quality
and type at least equal in durability and strength to that
used in the manufacture of the sheets.

Plywood sheets must be stored flat on a level bed, to
prevent distortion, in a well-ventilated place and shaded
from sunlight that will cause changes in colour, even if
shining through windows.

Marine grade plywood should be used for the hull,
decking, all stressed components, and.any other exposed
parts.

Allsapwood is non-durablebut can be effectivelytreated
against both fungal and insect attack if proper
preservative treatment is carried out before its
incorporation into the boat.

PLYWOOD FOR MARINE CRAFT

The decay hazard to which marine plywood is subjected
will vary greatly depending on the use it is put to. It
should be noted that a durable adhesive does not impart
its qualities to the wood and cannot prevent its decay.
The use of rot-proofed plywood should be considered if
boats will be in the water for long periods.

Careful sealing of end grain or panel edges and the
provisionofgooddrainage togetherwithgoodventilation
and the avoidance of damp pockets and excessivelyhigh
humidities will help to keep decayhazard at a minimum.

In boatbuilding it is oftendifficultto avoid a construction
that will not lead to the growth of wood destroying
fungi. In situations where water entry into the plywood
cannot be entirely prevented, the use of permeable
coatings or the omission of paint on the dry side will
allow it to dry out. If decay hazards are relatively low
these constructional techniques, combined with the use
of suitable brush or spray preservatives, can give
protection.
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Some hints for plywood users

• Buy your plywood from a reputable, well-known
dealer or manufacturer whose name depends 'on
selling a quality product.

• All hull and deck cladding must be marine grade
plywood - refer Australian Standard AS 2272-1979:
Marineplywood (Extract is given in Table 4). Exterior
plywood with Type A waterproofbond may be used
for linings, cabinets, etc., not of primary structural
importance - refer Australian Standard AS 2271­
1979Plywood and blockboard for exterior use.

• Sound, adequate interior framings are essential.

• A heavilybuilt transom and hull-bracing are 'musts'.
Outboard designs should feature a partitioned off
motor well, rather than a low cut transom that may
ship water in heavy seas.

• Checkinsidethehull to see that anyexposed plywood
edges are fully sealed against moisture.

• There is no need, however, for the superstructure to
be too heavily built. In fact, lightweight construction
helps lower the centre of gravity for improved
stability and performance.



Table 4. Permissible timber species for use in marine plywood. (Reference: AS 2272-1979: Marine plywood)

Standard trade common name*

Agba

Alder, brown

Alder, rose

Ash, silver

Birch, white

Blackwood

Canarium

Carabeen, yellow +

Cedar, pencil

Coachwood

Guarea

Kauri, Fijian

Mahogany, brush

Mahogany,brush,northern

Makore

Maple, Queensland

Maple, scented

Pine, celery-top

Pine, hoop

Pine, klinki

Sapele

Silkwood, bolly

Silkwood, New Guinea

> Silkwood, red

Silkwood, silver

Sycamore, satin

Sycamore, silver

Teak

Utile

Oba suluk +

Sassafras +

Sassafras, southern +

Taun '

Botanical name

Gossweilerodendron balsamiferum

Ackama paniculata

Ackama ausiraliensis

Flindersia schottiana syn F. pubescens

Schizomeria ovata

Acacia melanoxylon

Canarium smithii

Sloanea woollsii

tPaiaquium) spp.

Ceraiopeialum apetalum

Guarea thompsonii

Agathisvitiensis

Geissois benthamii

Geissois biagiana

Tieghemella heckelii

Flindersia brayle1Jana

Flindersia laeoicarpa oar. laeoicarpa

Phyllocladus asplenifolius

Araucaria cunninghamii

Araucaria hunsteinii

Eniandophragma cylindricu111

Cryptocarya oblata

Palaquium spp.

Palaquium galactoxylu111

Flindersia acuminata

Ceraiopeialum succirubrum

Cryptocarya glaucescens

Tectona grandis

Eniandophragma utile

Shorea pauciflora

Doryphora sassafras

Aiheroeperma moschatum

Pometia pinata

* The standard trade common names are those given in AS2543-1983: Nomenclature of Australian timbers, or AS 1148-1971:

Nomenclature ofcommercial timbers importedintoAustralia. Where there is no standard trade commonname, commonnames have

been used.

+ These species are permitted for core veneers only.

Note: In general, a far wider range of species is available in plywoods than in solid timber members.
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TYPE OF CONSTRUCTION FOR TIMBER BOATS

Strip plank construction

Strip plank construction involves the use of parallel

strakes (planks of timber). Material costs are lower and

wastage through cutting is less than for orthodox forms

of construction. Strakes can be produced ready planed

andspindled to size. The strip plank system gives a good

appearance, has added strength and, because of the

thickness, a good fastening system for deck or covering

boards may be planned.

It is usual to spindle mould the strips with a round

convex surface on the bottom edge and a corresponding

radiused hollow in the top edge. This affords a larger

gluing or bedding surface and enables moderate

transverse hull curvature to be negotiated without the

necessity of lifting plank bevels. Where the curvature is

sharp, it is necessary to plane the inside faces of the

strakes to fit the timbers and also to modify the concave

or convex top and bottom edges so that they are in close

contact when fitted.

In addition to edge fastening, the strips are usually

bonded to each other with a waterproof adhesive which

must be used in accordance with the manufacturer's

instructions. These bonds must be kept under pressure

while curing.

Serrated fastenings, driveninto closely spaced pre-drilled

holes as tight as the material will allow without splitting

are suitable for this job. They can be obtained in various

lengths and diameters and mustbe of non-ferrous metal.

With any glued-edge form of single skin construction,

the problem arises of hull form distortion or frame

breakage throughstress exertedbythe plankingswelling

whenitiswet. Toreducethis,materialusedforplanking

should not be of lower moisture content than the

maximumallowedfor satisfactorybondingby the chosen

adhesive and the manufacturer's advice on this should

be taken. Some boatbuilders prefer to use timber strips

at 10 to 14% moisture content so that any increase in

moisture content will cause swelling and corresponding

compressive stresses in the sheathing which may be

more acceptable than cracking due to shrinkage. This

strip plank method of construction involves a large area

oftimber beingbonded into one piece and such planking

has been known to crack open as much as 3 mm.
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Elastic seam-filling compounds may overcome the

swelling stress problem where sheathing is used. These

compounds may be used instead of other adhesives for

underwater joints. The manufacturer's advice should be

sought regarding the application of these compounds.

Due to the necessity for edge fastenings, strip plank

construction is only suitable for shell thicknesses of

12 mm and over. One difficulty in this system is the

number of feathered edges that occur at the shear line.

This can be overcome if a thicker and wider sheer strake

is fitted and rebated out to cover and seal the feathered

edges.

Plywood-chine construction

Plywood-chine construction can be used by amateur

boat builders without difficulty. The design of a single

chine craft can be prepared in such a way that all hull

surfaces are conical projections. Conical projection hull

surfaces are those designed around portions of cones

and cylinders. The practice is that flat sheets (e.g.

plywood) can be bent over a cone or a cylinder without

double curvature. This means that there is no double

curvature ('dishing') required in the plywood. If

transverse frames are straightor concavebetweenchines,

particularly in the forward sections, that area is not of

conical projection and extra work will be required to

properly seat the flat plywood sheets onto the frames.

One test for a conical projection surface is that it must be

possible at anypoint to run a straight line that extends to

the boundaries in anyone direction; in the most direct

method, frames are erected to hold the chines in place,

the plywood bottom is fixed and finished flush with the

chine, then the side plywood is added, capping the

plywood of the bottom. A strip is then added at the chine

to seal the end grain of the side plywood. Plywood

decking is laid over the beams in the normal way. The

frames can be left in as bulkheads, buoyancy

compartments, etc.

Double chine and three-strake clinker constructions were

developed to improve the performance of timber sailing

dinghies and runabouts. Here a third flat sheet of

plywoodis added as a conical projection so that the sides

are made up with more shape, but the principle is the

same. On some craft a third sheet is added at the chine,

as for clinker planking, giving a more curved effect to the

midships section but adding very little to the difficulties

of construction. The centre plank is relatively narrow

compared with the upper and lower strakes.



Double or multi-diagonal planking

Double or multi-diagonal planking consists of two or
more skins fastened at varying angles to each other.
Synthetic resin glues make it possible for planking to be
glued together on faces and edges to form a uniform
construction, eliminating the use of oil fabric between
the skins. Only gap filling adhesive should be used and
sufficient pressure must be applied to ensure that the
faces of the planking are held in contact until the bond
cures.

Hot moulding by vacuum pressure

The hot-moulded veneer hull sprayed with polyester
resin paint is said to require a minimal maintenance. A
timber mould, mounted on a trolley with a flat metal
plate top, is used to form the hull.

Leaves of veneer about 150mm wide x 2.5 mm thick are
layered over the mould. Wads or bundles of leaves are
cut to templates and stored in racks ready to use. The
first layer is put on dry and subsequent layers are glued,
on one side only, by passing them through the rollers of
a glue spreading machine. As thesecondand subsequent
skins are applied the staples holding each previous skin
are removed.

Stem, hogs, keels and transoms ofpreformed, laminated
construction may be integrally moulded into the hull.

A rubber bag is then lowered over the hull and secured
and a vacuum applied to stretch it tight. The whole
assembly is wheeled into an autoclave where steamheat
of over 1000 e and350kilopascals ofpressure are applied.
After about half an hour the hull is removed and allowed
to cool and is then ready for further construction work.
This method is suitable for quantity production but
involves considerable capitalinvestment for tooling, jigs
and autoclaves.

Cold moulded construction

This is a comparatively simple method of construction
using temporary fastenings for applying pressure to the
skins during setting of the adhesive.

The advantages of this method are:

• The mould is simple to construct as little pressure is
required.

• Although it is an advantage to use a close planked
mould, good hulls can be constructed by using
stringers spaced at about 75 to 100 mm centres.

• Because of the simplicity of the mould, alterations to
the shape and design of the hull are easily made.

Pressure to hold the skins together while the adhesive is
setting is obtained by the temporary use of staples or
panel pins. Since pressure is localised, the width of the
strip to be gluedmustbe limitedto allow even distribution
ofthe adhesive and dispersion ofanyair pockets between
the panels. Although the width of the strips is largely
controlled by the curvature required, it is recommended
that they should not be more than 100 to 125 mm wide.

A fast setting combination of adhesive and hardener can
be used as the closed assembly time required is
comparativelyshort. Eachskin, however,mustbe cleaned
before the next skin is bonded to it.

In general, three skins ofveneer are used butitis possible
to use two skins ofplywoodor a combinationofplywood
and veneer. The thickness of the veneer ranges up to
2.5 mm and the plywood from 1.5mm to 3 mm. Except
in specialinstances, the final skinthickness shouldnotbe
less than 6 mm.

The following recommendations are given for the laying

of skins.

1. Using three skins, either:

(a) Three layers of diagonalplanking - the inner and
outer skins laid in the same direction or,

(b) The inner and outer skins laiddiagonally andthe
middle skin fore and aft, or

Cc) The inner and middle skins laid diagonally and
the outer skin fore and aft.

2. Using two skins, either:

(a) Both diagonally laid, crossing at an angle of
about 45°; with this construction the use of
plywood only is recommended.

(b) The inner skin laid diagonally and the outer skin
fore and aft, the inner skin being plywood and
the outer skin veneer.
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Cold moulded construction using a bag for applying
pressure by vacuum

For this method of construction:

• The mould must be more robust than the type used
when pressure is applied only by temporary
fastenings.

• The surface of the mould must be close planked.

In some instances wider strips can be used and the
number of temporary fastenings can be reduced
considerably as they are only required to hold the skins
in positionbeforefinal pressureis applied undervacuum.

Since the pressure is applied only after all the skins have
been laid, it is necessary to use an adhesive with a
reasonably long assembly time.

In either process, adhesives must conform to British
Standard 1204, Synthetic resin adhesives (phenolic and
aminoplasiic) forwood. Pi.L Gap-filling adhesives. Refer to
'Adhesives' (p. 13)for further information on adhesives.

TIMBER BENDING

The principal considerations when bending timber are:

• Selection of suitable stock.

• Softening the timber.

• Reaction of the timber to the stresses arising from the
bending process.

• Drying after bendingso that the bentpiecewill retain
its shape without failure.

Selection and preparation of suitable stock

Choosestockfrom a species known to have goodbending
properties and which, in addition, is straight-grained
and free from failure producing defects such as knots,
checks, shakes and brittle wood.

Brittle wood may be detected by digging into the surface
with a sharp pointed instrument. A tough timber will
yielda strongsplinterwhichtends to run along the grain.
If the timber is brittle, the splinters will be short and
"carroty" .

The timber should be reduced to the smallest possible
size before bending and should be dressed all round.
Saw marks on the surface of a piece of timber will assist
failure and, therefore, should be removed by planing.
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Too high a moisture content may cause crumpling on the
compression side of the timber and will also make it
more difficult to dry after bending. On the other hand,
if the moisture content is too low more force will be
required to make the bend, in which case the strapping
must be very efficient if failure on the tension side of the
curve is to be prevented.

It is generally considered that timber dried to a moisture
contentof15-20%isbestfor bending butsuitablemoisture
content for dense, hard, strong timbers can be in excess
of 20%.

Softening

The most common method for softening timber before
bending is to steamit. This is mostfrequently carried out
at atmospheric pressure, although higher pressures are
sometimes used.

For steaming at atmospheric pressure the usual time
allowance is up to one hour per 25 mm of thickness.
Steaming at 70 to 110 kilopascals reduces steaming time
but the necessary equipment is more expensive and
there is an inevitable loss of time while the pressure is
released.

Steam chambers for steaming at atmospheric pressure
can be made of wood, sheet metal, concrete, brick, or
fibre cement sheering, depending on the working life
required. All chambers should be built so that condensed
moisture can drain away. The steam chambers, if other
than temporary, should be painted inside with a
bituminous paint.

A simple steam chamber of a temporary nature could
consist of a 20 litre can to boil the water, connected by a
hose to a length of 75 mm (inside diameter) galvanised
iron or fibre reinforced cementpipe. The wood to be bent
is placed in the pipe and the exhaust end of the pipe is
partially closed, to reduce therate at whichthe steam can
escape. The exhaust end of the steam chamber should be
slightly lower than the inlet end, to drain the condensed
moisture.

Drying after bending

The bent piece must be allowed to set and drybefore it is
used. Settingis usually completedby the time the timber
has cooled to atmospheric temperature but drying will
take muchlonger. Individualpieces shouldbe supported
and stacked so there is uniform circulation of air
throughout the stack.
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Bends generally straighten out slightly when released
from restraint so they should be slightly over-bent
(Fig. 1). Bent pieces should not be wetted again as they
will tend to open out and, if restrained, may fracture.
They should be sealed with a suitable coating to prevent
an increase in moisture content, once the necessary

drying has taken place.

Timber over

bendingblocks

Vertical shores

cramped to boat

Pre-bored holes for

boltsand screws

Figure 1. Typical methodof bending timbersponsons around boats. Initial

over-bending will becorrected whensponson is fastened to boat.

Laminated construction may be necessary where a tight
bend is required in a thick member, the laminations
being up to about 3 mm in thickness.

Bending equipment

Heated timber will accept a lot of compression but will
not stretch very much. To overcome this, strapping is
applied to the outside of the bend to prevent the timber
from stretching and to force the inner face to compress.

The end blocks, to which the strapping is fixed must be
firm and strong and must not allow any Igive' during the
bending process. The reversed lever system (Fig. 2) is
considered to be the most efficient and the lever should
be approximately the same length as the stock being

bent.

Figure 2. Reversed lever systemfor bending timber.

Bends, in which the ratio of the thickness of the piece to
the radius of curvature is less than one-thirtieth, can
often be made without takingany special precautions
but tighter curves will require strapping.

The form around which the bend is to be made should be
as strong as possible and must be firmly fixed to prevent
any rotational movement. Screw presses, hydraulic
presses and steamheated presses are often used for mass
productionof bent pieces when thebends are not severe.
For further information, see State Forests of New South
Wales Technical Publication No. 7 Bending ofTimber.

SHEATHING

Fourtypes ofsheathingmaterial are discussed: plywood,

timber, copper and plastic.

Plywood sheathing

Plywood, preferably rot-proofed, may be used to sheath
the hull of a light craft. The adhesive is usually a rubber­
based solution with good drying properties and should
not deteriorate when in contact with salt water. The
edges of the plywood sheets must be properly sealed to
prevent the plywood absorbing moisture. Hull
construction and the thickness of the sheathing will
determine the spacing of edge nailing or screwing but
spacingshouldnotexceed about 150mmbecause greater
spacing will permit the plywood to lift between fixings.
Plywood sheathing may be used to repair an old hull or
to strengthen a light hull which is to be used in severe

operational situations.

Timber sheathing

The timber used should be of species known to have a
high natural resistance to marine borer attack or timber
which has beenpressure-impregnatedwithan approved

preservative.

The timber should be straight, sawn to the dimensions
ordered and free of knot clusters, splits, shakes and
fractures. Moisture content of the timber sheathing
should be in the range of 20%to 30%at the time of fixing.

Planks should be 19 to 25 mm thick. The adhesive is
usually a rubber based solution with good drying
properties and should not deteriorate when in contact
with salt water. Metal sheathing may be used over the
keel, stem and stern. Copper should not be less than

0.8 mm thick.

Copper or galvanised iron fastenings may be used but it
is advisable to use the same type of metal throughout so
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that no electrolytic corrosive action takes place due to
different metals being used in close proximity.

Wherever practicable, the heads of major hull fastenings
should be sunk about3 mm below the surface of the hull
and covered with a paste made of white lead and zinc
oxide in oil. All seams should be properly caulked,
payed andfilled. Where metal sheathingis to be applied,
all sharp edges of timber must be rounded off.

The metal sheathing should be so laid that a tuck of at
least 20 mm is covered by the timber sheathing and any
galvanised fixings should be at least 50 mm away from
the metal sheathing. A coat, 1.5mmthick, of the adhesive
shouldbe appliedbetweenthe wood and metal sheathing.

The hull is generally sheathed to about 150 mm above
the loaded waterline of the vessel. The distance between
fastenings should not exceed 450 mm in anyone plank
and end fastenings should be within 150 mm from the
butt of the plank.

Butt blocks should be fastened over hull-plank butt­
joints to give access to the joints for caulking purposes.
Kraft paper or felt should be placed over the adhesive
before fixing the butt block.

Where the keel has been sheathed with metal, a false keel
at least 30 mm thick of solid timber may be fixed.

Copper sheathing

Generally, the same requirements apply to metal
sheathing as were noted for timber sheathing.

Sheathing should be hot or cold rolled annealed sheets
1200mm x 356mm x 4.3 kg /rn". Nails should be copper
and not less than 3.75 mm diameter.

The sheathing underlay should be a suitable adhesive
and the hull sheathed so that all timbers including
planking, keel, stem and stern posts and rudder (if
timber) are covered to about 150 mm above the loaded
water line. All sheets should lap those adjacent by at
least 25 mm.

Edge nailing should be done on a centre line 12mmfrom
the edge with nails spaced at not more than 25 mm
centres. All sheets should be nailed, in addition to edge
nailing, in a diagonal pattern at 75 to 100 mm centres.

All sheets should be centre punched before nailing and
the nails dipped in the adhesive. The length of the nail
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should be sufficient so that when driven home the total
penetration is 20 mm. Where the hull is less than 25 mm
thick the penetration should be 6 mm less than the
thickness.

Plastic sheathing

Plastic sheathing (ie acrylic or fibreglass) has the
advantage overmetal that no electrolytic action can take
place.

Acrylic

A specially woven acrylic cloth which can be stretched
over two-way curves is bonded to the wooden hull with
an epoxy-type adhesive. Adhesives are used to
impregnate the acrylic clothand thus complete the water
proofing process; colouring agents can be incorporated
in the adhesive to give the desired appearance.

Knowledge of how to stretch and form the acrylic is very
important and the manufacturer's advice should be
soughtbefore commencingwork. Inthe eventofdamage,
the acrylic sheathing can be easily repaired. The same
material can be used for deck and roof covering.

Fibreglass

Two general methods of application are used:

o a pre-formed sheet of polyester reinforced with glass
fibre is bonded to the hull, or

• liquid resin and glass fibre reinforcement are applied
to the hull.

Thebasicresin components mustbe accuratelymeasured
before mixing as incorrect proportions will upset the
curingprocess. Materials suchas bitumen,whichcontain
phenol, will seriously interfere withthe setting or curing
of polyester resins.

Polyester/ fibreglass is stiffer than acrylic and therefore
is more likely to crack or delaminate from the hull.
Repairs to polyester/ fibreglass are made with an epoxy
resin repair kit.

New plastic materials and improved application
techniques are being developed all the time so thorough
enquiries shouldbe made prior to selecting a material for
use as sheathing.

MASTS AND SPARS

Masts and spars are usuallydesigned speciallyto suit the
boat. Masts of solid or built up sections should be made
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from a relatively light timber that will glue readily, is
straight grained, and strong in relation to its density.

The built up section may be a full section or hollow and
will usuallyhave all grooves machinedprior to assembly.

All the timbers recommended for masts and spars in
Table 1are suitable for use in glued or laminated sections.
The timbers to be used must be completely free of faults
which would adversely affect the utility of the piece and
be straight and true. Knots, sloping grain, shakes and
compressionwood mustbe regarded as 'not acceptable,'
thoughwhere large sections insolidmasts are to be used,
some knots may be allowed. Mast steps should be
shaped using patterns made from the plans or loft
drawings to shape and notch them correctly. Thetenon
socket for the heel of the mast should have drain holes,
arranged so that the socket will drain completely when
in position. The mast steps are usually made of durable
hardwood.

The socket should be cut so that the rake of the mast can
be adjusted.

Driven wedges in the socket are used to adjust the rake
of the mast. The wedges should be tacked with a nail,
after being driven, to hold them in place. The tenon on
the mast must be long enough to cope with all possible
adjustments of rake.

Sapwood is permissible only if it has been treated to a
suitable loading with an approved non-leachable
preservative.

ADHESIVES

Adhesives are used in a wide variety of applications and
require careful preparation and mixing.

When using any adhesive the emphasis must be on
cleanliness and, ifpossible, freshness ofthesurfaces to be
joined i.e. freshly machined surfaces are generally more
reactive than old surfaces.

Adhesives should be mixed in clean containers and kept
covered to exclude all contaminants.

Those containing formaldehyde or amine hardeners can
cause dermatitis, making special precautions necessary
such as the removal of the adhesive from the skin before
setting takes place. 'Barrier creams' may be used as a
protective measure, however, gloves are recommended.
Tables 5 to 11 give the general properties of the main

adhesive types. However,whenusing aspecificadhesive,
the manufacturer's instructions should always be

followed.

Bonding preservative-treated timber

Types of preservatives

• Tar oil types such as creosote

• Organic solvent preservatives containing copper or
zinc naphthenates

• Water borne types such as copper/chrome/arsenic
(CCA) salts.

To bond tar oil preservative treated timber

(Tar oils are mainly used in applications which do not

call for bonded sections.)

Wipe the joint surfaces clean with a solvent, such as

acetone, using rags.

Timbers havingatendencytobleedmaybe steamcleaned.
Use a resorcinol resin glue which, in this case, will

require elevated temperature curing.

In general, bonding of this type of treated material is best

avoided.

To bond timber treated with an organic solvent

preservative

Casein glue is satisfactory; however, the alkaline
properties of the adhesive may cause the preservative to

be deleteriously affected.

Urea resin adhesives set as the result of the introduction
of an acid hardener. Small changes in acidity will alter
the setting time. Acid will accelerate, alkali will retard.

This isparticularlynoticeablewithgapfilling urearesins.

Conversely, resorcinol resins set best under neutral
conditions. In this case acid will retard and alkali will

accelerate.

The physical compatibility of the adhesive and

preservative will depend on the nature of the vehicle. A
lightvolatile solventwill present no difficulties provided
sufficient time is allowed for evaporation of the solvent.

Degreasing treatment will be required where heavy oils
have been used and crystalline blooming should be
removed by brushing, sanding or planing.
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Copper naphthenate can be applied using a variety of
solvents of which naphtha and light mineral spirits give

good results. Fuel oil solvents are unsatisfactory.

It is often beneficial to spread the adhesive two or three
times to obtain uniform coverage.

Waxes or water repellents will interfere with adhesion.

To bond water-borne preservative-treated timber

Timbers treated with a water borne preservatives are

often put into service at a high moisture content, as this
is the nature of their end-use position. However, the

moisture content of the timber mustbe reduced to a level

indicated by the adhesive manufacturer if it is to be
glued satisfactorily.

Satisfactorybonds may generally be achieved with most
adhesives, however, high loadings ofCCA preservatives

can cause adhesion problems with phenolic resins.

Treatmentof timber withboroncompounds also inhibits
adhesion with phenolic resins.

In all cases, when bonding preservative treated timber,
it is advisable to obtain the adhesive manufacturer's
recommendations and to carry out some trial gluings on
spare material to ensure the compatibility of the systems
used.

Preservative treatment of already bonded timbers

Casein adhesives will not withstand this treatment. If
urea resin adhesives have been used, consult the
manufacturer to ensure that the particular grade of
adhesive will withstand treatment in the pressure
chamber and subsequent drying. Urea resins may fail
during kiln drying.

Resorcinol resin adhesive is satisfactory when
preservative treatment is to be carried out after gluing
and subsequentdrying, but the adhesive mustbe allowed
to cure for at least five to seven days at IS-20°e.

Dipping or other surface treatments will probably not
affect any of the more waterproof adhesives if the
treatment and the adhesives are chemically and
physically compatible.

Table 5. Resorcinol formaldehyde and resorcinol phenol-formaldehyde.

Form:

Preparation:

Shelf life at 20°C in closed container:

Setting mechanism:

Weather resistance:

Assembly time at 20°C:

Pressing time and temperature:

Time to develop ultimate strength:

Gap-filling properties:

Applications:

Remarks:
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Viscous reddish-brown liquid with liquid or powder hardener

Mixing of resin and hardener

Resin - three months or more
Hardener - six months or more

Polycondensation

Excellent

Up to 60 minutes

24 hours at temperature above 20°C
Several minutes at 90°C

One week at 20°C

Good

Laminating, assembly, radio frequency gluing

Setting temperature should be above 20°C and for maximum
wet strength with some hardwoods, above 60°C
Probably the most commonly used weather resistant adhesive
type
Excess can be cleaned up with wet rag
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Table 6. Urea formaldehyde.

'I,

fI,,

Form:

Preparation:

Shelf life at 20°C

in suitable closed

container:

A B C

White viscous liquid As for A together White powder

with liquid or with wheaten flour sometimes with

powder hardener extender liquid or powder

hardener

Mixing of resin and Mixing of resin, Mixing with water

hardener, or hardener, flour and and sometimes

separate application* water or separate hardener or separate

application* application*

Resin 3-6 months As for A Hardener no limit

Hardener no limit

D

As for C together

with wheaten flour

extender

Mixing of resin,

hardener, flour and

water or separate

application*

As for C

Setting mechanism:

Weather resistance:

Polycondensation

Unprotected glue

line withstands

weathering for at

least one year

Polycondensation

and loss of water

Weather resistance

lowered by

extension

Polycondensation

Unprotected glue

line withstands

weathering for at

least one year

Polycondensation

and loss of water

Weather resistance

lowered by

extension

Time to develop

ultimate strength:

One week for cold setting. Stacked after

hot setting

48 hours if block

Assembly time at Cold-set glues up to half an hour, hot-set glues up to 12 hours or more.

20°C:

Pressing time and 2 to 24 hours at room temperature. Several minutes at 90° - 125°C

temperature:

Gap-filling properties: Poor, but may be improved by use of gap-filling resin or hardener

Applications: Plywood, particleboard, assembly gluing, radio frequency gluing

Remarks: Setting temperature for cold-setting formulations should be above 12°e. Weather resistance of

liquid mixes may be improved by addition of melamine or resorcinol. Flour extensions of more

than 50 parts by weight of flour to 100 parts of liquid resin may cause the glue to weaken and

possibly fail after several years. Excess can be cleaned up with wet rag

* With separate application the resin is spread on one face to be glued and the hardener on the other.

Hardening then takes place when the two faces are brought together.
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Wood-to-metal, metal-to-metal, reinforcement of fibres, Le. glass,
kevlar and carbon. High quality sheathing resin. Universal glue.
High chemical resistance glue

Adhesive not soluble in water, hardeners may be severe on
unprotected skin
Shrinkage during setting negligible
Excess can be cleaned up with solvent
Good quality but expensive

Table 7. Epoxy resin.

Form:

Preparation:

Shelf life at 20°C in suitable
closed container:

Setting mechanism:

Weather resistance:

Assembly time at 20°C:

Pressing time and temperature:

Time to develop ultimate strength:

Gap filling properties:

Applications:

Remarks:

Honey-like or coloured paste
with liquid hardener

Careful mixing with hardener

Resin at least six months,
hardener at least one year

Polymerization

Moderate to good

Several minutes to one hour

Up to 48 hours at 20°C;
approx. one hour at 90°C

Up to several weeks

Excellent

Solid sticks, powder

No preparation: resin melted
onto surface to be glued

At least two years

Equal to shelf life

48 hours at 110°C;
30 minutes at 200°C

Table 8. P.V.A. (polyvinyl/acetate emulsions).

Assembly glue, veneering, parquetry, non-structural finger jointing

Very strong adhesive, but strength under permanent load is lower
Preferred glue for end grain gluing
Formulations incorporating hardener may be hot pressed

Form:

Preparation:

Shelf life at 20°C in a suitable
closed container:

Setting mechanism:

Weather resistance:

Assembly time at 20°C:

Pressing time and temperature:

Time to develop ultimate strength:

Gap-filling properties:

Applications:

Remarks:

White to cream viscous liquid

No preparation required

Usually no limit.

Loss of water

Low

Up to 10 minutes. Longer with
special formulations

Up to two hours at room
temperature

Approximately one week

Good

White to cream viscous liquid
with liquid hardener

Mixing of resin with hardener

Longer than one year

Polymerization and loss of
water

Good

Five minutes. Will vary with
substrate

Approximately 30 minutes
24-29°C is preferred

16 ___I



':-- -------------------------------------~--~-c~~~c~~~~c

Table 9. Melamine formaldehyde.

Polycondensation (cross linking and splitting-off of water)

Unprotected glue line will withstand weathering for several years

Several minutes at 90°C

After block stacking for 48 hours

Veneering using light and permeable veneers

Melamine is often mixed with urea to improve the weathering
durability of the latter

Form:

Preparation:

Shelf life at 20°C in closed container:

Assembly time at 20°C:

Gap-filling properties:

Setting mechanism:

Weather resistance:

Pressing time and temperature:

Time to develop ultimate strength:

Applications:

Remarks:

Table 10. Contact.

Solid thin film

No preparation required

Up to three months

Equal to shelf life

Poor

White power - usually with
powder hardener

Mixing with water and hardene

At least two years

Up to 24 hours

Good

Form:

Preparation:

Shelf life at 20°C in suitable
closed container:

Setting mechanism:

Weather resistance:

Assembly time at 20°C:

Pressing time and temperature:

Time to develop ultimate strength:

Gap-filling properties:

Applications:

Remarks:

Viscous cream or coloured liquid

No preparation required

Longer than one year

Loss of solvent

Fair

10-20minutes (longer with special formulations)

Several seconds to several minutes at room temperature

Several weeks

Good

Universal adhesive, but copper and its alloys unsatisfactory with
many formulations

Bond can be achieved by hammer blow without pressure, but
orthodox pressure application gives higher strength. At best,
strength lower than other wood glues, still lower under permanent
load. Adhesive will deteriorate after prolonged period.
Inflammable
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Table 11. Casein.

Form:

Preparation:

Shelf life at 20°C in closed container:

Ready-mixed cream powder

Mix with water

9-12 months

Granules of lactic casein

Mix with water and alkaline materials

Up to two years

Setting mechanism:

Weather resistance:

Assembly time at 20°C:

Pressing time and temperature:

Time to develop ultimate strength:

Gap-filling properties:

Applications:

Remarks:

Chemical action combined with loss of water

Moderate

Up to 40 minutes

Two to four hours at room temperature. Several minutes above 100°C

One week

Good

Assembly gluing, plywood production, laminating.

Now rarely used.

PLANS AND SPECIFICATIONS

Plans: The design drawings ofthevessel,usually to scale,
showing layout, shapes, sizes and dimensions.

Specifications: The written matter setting out further
information and requirements to be read in conjunction
with the plans. They usually cover such items as types
of materials, fittings, standards of finish and
workmanship required, amounts ofrriaterial, anyspecial
methodsinvolved, types ofadhesives, caulkingmaterials,
paints and other finishes necessary for the job.

Some designers provide full size drawings or templates
of parts for smaller craft being made by amateur boat­
builders. These templates should be glued to plywood
or hardboard if they are to be retained. Otherwise, they
can be glued to one of the member pieces and then all
similar members can be shaped to the original piece.

Where scale drawings or plans are provided, the plans
mustbe 'lofted'. Thatis, setout on the floor, full size. The
markings must be heavy enough to last until the job is
completed.

All templates should be checked and double checked for
size, shape, and for either left or right-hand set-out. It is
cheaper to check than to waste a piece of select timber.

When marking out, the template should be tacked in
positionwithtwo or morepanelpins or nails, as necessary.
It is suggested that templates, plans and specifications be
carefullystoredso future repairs can be moreeasily made.
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There is often a tendency to draw thick lines in the belief
that this is necessary to be able to see the set-out under all
working conditions. Fine dark lines will be seen just as
easily and permita far greater degree of accuracy. Where
a templatehas beentraced, the membershouldbe dressed
down to the template side of the pencil line, as the
thickness of the pencil line may increase the size of the
member too much.

Jigs and forms must be accurately made and strong
enough to stand up to all necessary hammering. Any
inaccuracies in the jig will be transferred to the part to be
formed. It should not be assumed that the floor is flat,
and the jig must be carefully squared, plumbed and
braced.

Fittings

Lockers, fasteners, machinery, linings,safetyequipment,
electrical installations and other fittings should be fixed
so thatthey can be removedreadily without causing any
damage to enable regular and thorough inspection and
maintenance of the interior of the craft.

REPAIRS

Tingles are patches used to repair the hull of the boat.
Patches may be used to repair defects on timber or
plywood hulls. The patches can be screwed or nailed
and may be applied on the inside or the outside of the
hull. Small repairs on plywood craft may be made by
fitting a 'doubling' piece to the inside skin and then
letting a plywood section in from the outside.

1



Correct scarfing methods should be used. The patch
should be bedded in with a suitable compound and
sufficient overlap should be provided for fixing. Large
areas of damage may be repaired using sheets of marine
grade plywood, which maybe screwed, nailed or bolted
in place. Diagonal planking may be used to make
temporary repairs where the hull is curved two ways.
Where possible, the tingle should be fixed through to the
frame. All edges should be 'faired in' to aid the flow of
water over the surface.

Resin repair kits

Epoxy resin repair kits were developed to allow quick
repairs of wooden craft and, if correctly applied, can
continue to cure in the water. The repairs may be made
on either the inside or the outside of the hull.

This type of repair work is applicable only where limited
damage has occurred.

Carrying out repairs

The damaged inner skin of timber should be built up
approximately to its original thickness by filling the
fracture or indentation. The following are some of the
methods that may be used:

• fitting a piece of wood or plywood and bedding it in
with resin mix;

• filling with epoxy resin putty;

• fitting a piece of wire gauze over the fracture;

• filling with an expanded foam material;

• filling with a dough of shredded glass fibre
reinforcement and resin mix.

Unless excessively large, holes produced by clenches
need not be filled. Wooden plugs or putty can be used if
filling is considered necessary.

Following the flushing or filling of the inner skin and
withoutwaitingfor resin or puttyutilizedfor this purpose
to set, the full repair can be effected.

The outer skin of the hull should be cut away to expose
some 30 mm of sound inner skin, leaving the damaged
inner skin alone. All edges should be well bevelled to
allow adhesion of the reinforcement. Any oiled calico
used between skins should be removed and the area
exposed should be thoroughly dried before applyingthe
resin and reinforcement.

A thick layer of resin mix is then to be applied over the
whole of the inner skin which has been exposed by the
cutting back of the damaged outer wooden skin. The
first piece of reinforcement, which has been cut to size, is
placed in position on top of the wet resin and the resin
mix, ifof glass fibre, worked through the reinforcement,
by rolling. This operation is normally carried out with
serrated washer rollers that are easily cleaned. Mohair
paint rollers may be preferred as they minimize the
possibility of damage to the glass fibre.

Application of the resin and reinforcement should
continue until the repair has been built up flush or just
proud ofthe originalhull form. A polythene sheet can be
laid over the final application ofresin and skinand rolled
with a non-serrated roller to produce a smooth external
finish. After gelation and cure of the repaired surfaces,
an application of a standard marine primer followed by
the final hull finish will complete the repair.

The resin must be mixed in strict accordance with the
manufacturer's instructions.

WOOD DECAY

Causes of decay

Troubles arising from wood decay are usually due to
faulty design, the use of unsuitable or infected timber or
the lack of adequate preservative treatment.

Wood decayis causedbyfungi and will onlyoccur when
air is present and there is sufficient water to raise the
moisture content of the wood above 20 per cent and
maintain it there for lengthy periods. Wetting does not
harm timber provided it can dry out quickly. For this
reason, the incidence of decay in open boats is slight
when compared to decked boats.

Moisture can find its way into the timbers of decked
boats by:

• Use of unseasoned timber. Large size members such
as stern and stem posts are often inadequately
seasoned; or

• Leakage of water. It is the leakage offresh water that
encourages most decay. Direct wetting by sea water
does not appear to encourage decay. However,
moisture evaporatingfrom sea water in thebilges can
condense as fresh water on the timbers above.

Leakage is most serious when it occurs at the edge of the
deck and finds its way into the ends ofbeams and frames.
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If there is a liningto the hull, such leakage could go on for
a long time before being detected. It is an advantage if
parts of the lining are screwed so that portions can be
removed for regular inspection.

Leakage and decay often occur at the junction between
coamings and decks and where bulwarkstanchions pass
through covering boards. When surveying or refitting a
vessel, a careful inspection should be made of these
areas.

Faulty plumbing around lavatories and sinks can be a
source of fresh water leakage and regular inspections
should be made of these areas.

The absence of adequate ventilation, leading to
condensation of moisture from the air, is a very common
cause of timber decayin cabinboats whichlie at moorings
for long periods. The ventilation provided for little used
places such as the forepeak, lockers, etc., is often totally
inadequate and generally blocked by the goods stored in
them.

Recognition of decay

It is sometimes difficult to detect incipient decay in boats
as the decayed wood may hold its shape as long as it is
in a damp condition. Often the only indication is a
wrinkling of the paint on the surface. Usually, distortion
of the timber only occurs when decay is at an advanced
stage.

The most satisfactory method of detecting decay is to
prod suspect timbers with a sharp pointed tool. On
testing anarea of incipient decay, it will usuallybe found
that the texture of the wood has been softened and it is
impossible to prise up a long splinter. The fibres break
off short owing to the loss of toughness. Obviously you
cannot prod every piece of timber in the boat; but you
should examine those parts where leakage of water may
have occurred and around ends and joints.

Treatment of decay

1. Eliminate the source of moisture that caused the
decay.

2. Completely remove the decayed wood, cutting back
to sound clean timber some 70mmbeyond the furthest
sign of attack.

3. Liberally apply a suitable wood preservative to bare
timber exposed during the work and to new timber
used for replacement.
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Common preservatives

Copper naphihenaie

Copper naphthenate is sold as a green coloured solution

and should contain at least 3% copper. Any

recommendations by the manufacturer to reduce the

copper contentbelow3%shouldbe disregarded. Copper

naphthenate usually takes two to three days to dry, after

which it can be painted over.

Fixed preservatives

These may be applied by dip diffusion of the green

veneers or byvacuum pressure treatment of dry veneers

or plywood or timber. The chemicals used are based on

copper-chrome-arsenic salts which become fixed in the

wood. Not all timbers may be treated by these processes

and you are advised to seek further information in this

regard.

MARINE BORERS

Wooden boats, like any wood exposed to sea water, are

liable to attackby many kinds of marine borer. The type

of borer, the timber species, the location, the time of the

year and the methods used for protecting the planking

are all factors that will determine the extent of any

damage.

Types of borer

Teredo and Bankia

In the coastal waters of New South Wales, the most

destructive borer is the 'shipworm' ('cobra' or 'teredo')

which, in favourable circumstances, can hole timber

planking in less than two months. Certain timbers, such

as turpentine, are resistant to this type of borer.

Martesia

This type, also known as 'shell-borer' (it resembles a

small sand pippy), occurs in some coastal areas of high

salinity, usually in partially enclosed warm shallow

water. Notimber has natural resistance to it because this

borer uses the timber for accommodation and does not

devour it.

Nausitora

Nausitora occurs in the upper tidal reaches of coastal

rivers. In appearance it is a similar type of borer to

teredo. No timber has natural resistance to it.



Limnoria

This crustacean borer occurs mainly in high salinity

waters. It attacks the surface of timber, leaving a fine

honeycomb structure. It is approximately 3 mm long

and resembles a minute garden slater. It normally

attacks piles at the tidal zone.

Sphaeroma

This is another type of crustacean resembling Limnoria,

but is up to 13 mm long. It closely resembles a garden

slater and is often referred to as a 'pill bug' or 'puttybug'.

It does notnormallyattacksmoothsurfacedhull planking,

but tends to infest the putty or caulking in the seams. In

piles it is found in the intertidal section which it

honeycombs. No natural or impregnated timber is

resistant to it because this borer, as is the case with

Martesia, uses the wood for accommodation and does

not devour it. However, spraying with creosote will kill

them.

Degrees of hazard

The most intensive attack occurs during the warmer

months from October to April, with a peak intensity

from December to February. During this period the free­

swimming larvae settle on the surface and commence to

bore.

Small craft which are placed in the water only

occasionally, for periods of a week or less, do not require

anyspecialprotection againstmarine borers. Anylarvae

settling on the surface over this period die immediately

on drying. The adult shipworms which are active in

planking also die if the hull is left out of water for a

sufficient period. Under hot dry conditions, a period of

about three days is sufficient for extermination. Under

cool, damp conditions, the adultborers havebeenknown

to survive for about a month.

The high salinity type borers are invariably killed by

exposure to near fresh water over a period of more than

one week. The low salinity borers are killed by exposure

to water of high salinity.

It is important to realise that a timber which is resistant

in one locality may be quite readily attacked in another

area or position (e.g. turpentine is normally resistant
below low water level in Sydney Harbour, but is readily
attacked by Nausitora at Wisemans Ferry).

Examination for damage

All types of marine borer damage, except that of the
shipworms, can be readily assessed by surface
examination.

Shipworms are wormlike in appearance with the head
enclosed by two white calcareousboringshells, andwith
two calcareous arrowlike pallets enclosing two siphons
protrudingfrom the tail. They maintain contactwith the
waterby projection of thesesiphons through a smallhole
of about 1.5 mm diameter. These entrance holes are
usually obscured by marine surface growth, mud, etc.,
and close examination is necessary. Occasionally the
entrance hole may be indicated by the small calcareous
pallets projecting from it.

The burrow of the shipworm increases in size from the
entrance hole for a short length and then maintains a
more or less uniform diameter. With local species the
burrow, although normally considerably smaller, may
be as much as 15 mm diameter and 600mm long.

The condition of the plank can be indicated to some
extent by the sound of tapping. Single isolated borers in
planks usually do not warrant removal, but care should
be taken to remedy any substantially damaged planks
which represent a source of weakness and danger.
Generally, any section which possesses numerous holes
at close spacing would be suspect.

PROTECTIVE METHODS

Preservative treatment by pressure impregnation

High resistance to marine borer attack (other than
Sphaeroma and Martesia) may be obtained by pressure
impregnation of the wood with water borne copper­
chrome-arsenic salt formulations. These salts become
highly fixed in the timber and are not subject to rapid
leaching. Timber treated in this manner can be painted
satisfactorily.

Creosote is also an efficient preservative when applied
bypressure impregnation. However, due to the 'bleeding
through' which occurs, its use is not recommended if the
timber is to be painted. Not all timbers are suitable for
treatment by this process and you are advised to seek
further information in this regard.

Metal sheathing

Metal sheet applied as sheathing provides a well
establishedprotectivemeasure. While copper andmuntz
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metal are widely used for this purpose, the application to
smallboats is limited by cost and additional weight. The
occurrence of holes following damage permits access of
marineborers to thewood and care is required to preserve
the integrity of the sheathing. The sheathing should
protect the hull for about 150 mm above the loaded
waterline and the boat should not be allowed to lie on its
side and expose the uncovered wood to the water.

The copper and muntz metal sheeting inhibits marine
surface growthto some extent, but theuse of anti-fouling
paints is normal practice. It is generally an advantage to
apply a good quality 'anti-corrosive' paint directly over
the copper sheet before applying 'anti-fouling' paint.

Painting

Mostdamageto painted hulls occurs in areas which have
not been coated, where paint has become unduly thin or
where thepainthasbeen damaged bymechanical action.

'Anti-fouling' paints, containing toxins such as cuprous
oxide, are normally preferredfor paint protection. These
paints are specially designed to control marine surface
growth by gradual leaching of the toxin from the paint.
If the anti-fouling paint is applied directly to the wood,
some deposition of toxin occurs in the wood surface and
provides additional protection in the case of thin paintor
slight abrasion.

More definite surfaceprotectionis providedbyswabbing
the wood with copper naphthenate solution or other
preservative before painting. Repeated treatments with
this type of preservativehave givenvery good protection
with softwood timber hulls.

An essential practice with any surface coating is to
ensure that the coating is applied regularly and where
abrasionhas occurred, the coatingis renewed. Protective
strips of metal, preservative-impregnated wood, or
naturally resistant wood should be attached where
abrasion occurs frequently.

Procedure when painting

Exterior

If the boat is newly constructed, sand timber to a smooth
surface. If the surface is of old paint in poor condition,
remove all paint back to bare wood.

1. Coat all timber with copper naphthenate (or similar
fungicide solution) making sure that 'runs' caused by
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excess are not left. Allow two to three days' drying.
Timber already treated with a fixed preservative will
not require this initial coat.

2. Lightlysand. Apply a coat of primerwhich conforms
to AustralianStandard2301-1981 Wood primer, solvent
borne, brushing. Allow two days' drying.

3. Stop all holes, joints etc., with a suitable caulking
compound. Allow drying time and sand whole
surface.

4. Apply an exterior undercoat and allow 24 hours'
drying.

5. Sandsurfaces and coatwithan exteriormarineenamel.
Allow at least 24 hours' drying time.

6. Sand surfaces and apply another coat of exterior
marine enamel.

If anti-fouling paint is required below the, waterline,
omit the marine enamel and apply the anti-fouling paint
over the undercoat.

Clear finishing, which is often desired by boat owners, is
an inferior system to an opaque paintsystem. In general,
clear finishes, when exposed to weather, have less than
one-third ofthe lifeof good qualityopaque paintsystems.

Interior

Apply a coat of preservative to all bare timber.

Paint should be applied to internal surfaces of the hull,
linings etc., only when required for appearance. In such
cases, the procedure for exterior painting should be
followed.

Reinforced plastic sheathing

Increasing use is being made of thick coatings of
chemically cured resins reinforced with glass-fibre cloth
or other laminates. Care to ensure satisfactory adhesion
is essential. Better adhesionis obtainedonlighttomedium
density timbers by abrasion of the surface with coarse
sandpaper and by applying thin initial coats of resin.

ELECTROCHEMICAL CORROSION OF METALS

Corrosion is essentially electrochemical. The most
common examples are the rusting of iron and the
corrosion of dissimilar metals when in contact in the
presence of moisture. When iron comes into contact



Table 12. Galvanic series of metals and alloys.

Steel boat hulls may be protected by attaching blocks of
zinc at regular intervals along the hull belowthe waterline.
These blocks corrode in preference to the steel and must
be replaced from time to time.

with air, a thin, patchy film of oxide forms on it. A
voltage difference exists at all times between the ironand
the oxide coat and, should the surface of the iron become
wet, an electric cell will be formed resulting in the
formation ofrust deposits. Corrosionofdissimilarmetals,
or bi-metallic corrosion, is a process essentiallysimilar to
the rusting of iron. When dissimilar metals are adjacent
in a damp situation, moisture will provide an electrolytic
linkbetween them. When electric cells are formed in this
manner the metals constitute the positive and negative
poles and the severity of the corrosion depends on the
voltage difference existing between dissimilar metals.
The rusting of ironis a more active process in sea air than
in ordinary atmospheres because moisture containing
salt is a more efficient electrolyte.

Electrochemical series

The GalvanicTable (Table 12)is veryuseful in predicting
which metal will corrode in any bi-metallic pair and the
probable severity of the corrosion. In Table 12the metals
and alloys are listed in order of the voltages they develop
while freely corroding. The metal closer to the negative
end of the scale (i.e, less noble) will corrode while the
other will not, and the further apart on the scale the
metals are the more severe will be the corrosion.

Protective coatings

The oxide coating which rapidlyforms on aluminium in
the atmosphere protects it from further corrosion. By
promoting this process artificially by anodizing,
aluminium can be given a protective coating of pleasing
appearance. However, zinc andaluminiumsuffer attack
from the alkalis present in salt laden atmospheres, the
results being rather unsightly but not usually serious
unless the metal is very thin or is an unsuitable alloy.

Bearing greases, which are really sodium soaps, should
not be used to lubricate or 'protect' aluminium
components.

More negative end
(Base end)

More positive end
(Noble end)

Metal or alloy

Magnesium alloys
Zinc
Cadmium
Aluminium
Aluminium alloys
Iron and mild steel
Stainless steels (active)
Soft solders
Lead
Muntzmetal
Manganese bronze
Naval brass
Nickel (active)
Nickel-chromium alloys

(active)

Copper
Red brass
Aluminium brasses
Composition bronzes
Admiralty brass
Phosphor bronze
Silicon bronze
Gunmetal
Silver solder

Nickel (passive)

Stainless steels (passive)
Monel

Copper alloys are more noble than most other metals
and are therefore not so likely to corrode from
electrochemical attack. Copper, bronze, zinc (including
galvanising) or brass should not be used in association
with aluminium.

Sacrificial coatings

Corrosion will usually be restricted to the less noble
metal. A common instance of sacrificial protection is
where the zinc coating on galvanised iron corrodes in
preference to the steel.

Note: Nickels and stainless steels have varying positions in the scale

according to their composition and the state of the coating of oxide

films.

Electrical systems

Fully insulated electrical systems with double pole
switches are desirable, butwhere of necessity earthed, a
negative earth is to be preferred. The use oflead-covered
cables is inadvisable. Wiring should not be run through
bilges.
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The settingup ofundueresistance in wiring or at terminals
mustbe avoided (e.g. the use of too small a cable, or dirty
or loose connections). Such conditions give rise to a
voltage drop over a part of the system which may in turn
cause a potential difference between underwater metal
parts. Defective insulation on the live side of a circuit
may apply battery voltage to otherwise isolated metal
parts.

TERMS AND DEFINITIONS

This short list is appended as a useful guide to potential
boat builders. A more comprehensive list is contained in
Standards Australia ASOl-1964: Glossary of termsusedin
timber standards.

Timber Terms

If wires to electrical fittings are inadvertently cross­
connected the fittings may still operate satisfactorily but
heavy leakage of current may occur. Such leakage does
not necessarily require a metallic path but may flow for
long distances through wet wood.

Backsaum: Sawn so that the wide face of the piece is a
tangential plane to the growth rings.

Batten: A piece of sawn or dressed timber ofrectangular
cross-section, usually between 19 mm and 40 mm thick,
and between 25 mm and 75 mm wide.

Failure of the battery to hold a charge properly is a
common indication of leakage. It does not necessarily
mean that the battery is worn out.

Screws and nails should, where possible, be of the same
metal as the item to be fixed. This is very important in
regard to the fixing of sheathing or other metal parts
below the waterline as unseen corrosion may take place
rapidly.

'Nail sickness' is a term used to describe the action of
acids, present in many timbers, on a nail or screw which
has been driven into the timber. Assisted by moisture,
the acid can corrode the nail or screw and this in turn
may cause chemical deterioration of the timber
surrounding the nail. The nett result of this is that the
nail or screw will eventually fall out or fail to hold. The
possibility of nail sickness occurring may be reduced by
using galvanised, silicon-bronze, monel or copper nails
and srews and by keeping the timber as dry as possible,
e.g. by painting or sealing with bitumen or caulking
materials.

Beam: A structural timber, supported at two or more
points along its length.

Board: A relatively thin piece of sawn or dressed timber,
of width greater than thickness.

Bow: A curvature from the plane of the wide face in the
direction of the length.

Cover strip: From 10 mm to 20 mm thick and various
widths, used to cover joints to prevent entry of rain or to
improve the appearance of the joints.

Dressed: Planed smooth, straight and square.

DAR: Dressed all round.

DBF: Dressed both faces.

DD: Double dressed or dressed both faces.

D lFlE: Dressed one face and one edge.

D
2E:

Dressed two edges.

Where two differentmetals have to be used closetogether,
they maybe separatedby a thin layer of bitumen or other
suitable electrically isolatingmaterial,butregular careful
inspectionshould be made to ensure that corrosionis not
taking place.

TIMBER INSPECTORS

DIE: Dressed one edge.

Flitch: A large segment of log with saw cuts on at least
two surfaces.

Growth rings: Rings visible on the transverse or cross­
section of a trunk or branch which mark a cycle of
growth.

Lagging: Timber, of small section, used to cover the
surface of a jig or mould.

Nominal sizes: The named size, or ordered size, which
may vary from the actual size of the piece because of
variations due to sawing, shrinkage and dressing and
the tolerances allowed on these operations.

Milled timber: Timber which has been passed through
a machine to shape it to a desired profile.

(066)58 3270
(049)59 7027

(065)57 0601

Coffs Harbour
Newcastle

Wingham

The postal address for all Timber Inspectors is:

Manager, Timber Services Branch
State Forests of New South Wales
Locked Bag 23
Pennant Hills NSW 2120

Telephone Nos.
Sydney (02) 9980 4100
Grafton (066)44 7363
Nowra (044)215088

24



Plank: A piece of timber sawn or dressed to rectangular
section 40 to 75 mm thick and more than 150 mm wide.

Quarter sawn: Sawn so that the wide face of the piece is
a radial plane of the log. Trade practice in Australia is to
class timber as quarter sawnwhenthe averageinclination
of its growth rings to its wide face is over 45°.

Rough sawn: Surface condition of wood as it leaves the
saw.

Round timber: Items such as piles, poles and posts
utilized in the natural form of the tree.

Scantling: Timber of rectangular cross-section and of
dimensions used in construction. Usually 35 to 100mm
thick and up to 150 mm wide.

Scarf joint: A joint made by bonding together two
matching bevelled ends or edges.

Spring: Curvature from theplane of the edge, or narrow
face, in the direction of the length.

Surfaced: Planed or dressed on one or more faces.

Timber: Wood in a form suitable for construction or
manufacturing purposes.

Veneer: A thinpiece ofwood produced by rotary peeling
or slicing:

(a) Rotary cut: cut from a log by turning the log on a
lathe against a knife.

(b) Sliced: produced from a flitch by slicing with a
knife.

Wane: The original underbark surface with or without
the bark.

Want: The absence of wood other than wane from
corner or edge of a piece.

Warp: Any variation from a flat surface. It may consist
of bow, spring, twist or any combination of these.

Terms Used in Boatbuilding

Abaft- Behind

Accommodationplan -The drawingshowingthe interior
layout of a vessel.

Aft - Astern, or towards the stern.

Ahead - Forward, or in front.

Amidships - The central portion of anyboat, or neither to
port nor starboard.

Anti-foulingpaint-Aspecially preparedpaintcontaining
various chemicals which discourage the attachment of
marine growth to a vessel's hull.

Apron - A strengthening timber placed behind the stem.

Astern - Behind.

Athwart - Across, from side to side

Ballast - Weight, usually lead or iron, added to a vessel
low down either internally or externally to provide
stability.

Beam - The maximum width of a vessel. Also a timber
laid athwartships to support the decking; this is known
as a deck beam.

Bearers - Longitudinal supports for an engine.

Berth - A sleeping place or bed aboard a vessel. Also
refers to a place at a jetty where a vessel may moor.

Bilge - The lower part of any hull. Can refer to either
inside or outside.

Bilge keel- A rubbing strip, usually fixed to the bilge of
dinghies and small boats to stop chafe to the planking.

Bitts - Posts fitted in the foredeck to take the aft end of a
bowsprit, which are also used for making fast an anchor
warp or chain.

Body plan - A drawing showing the shape of various
sections of a boat if it were cut athwartships.

Bollard - A wooden or iron post on a ship or quay for
securing ropes to.

Boom - A horizontal spar to which the foot of a sail is set.

Bow - The front of a vessel.

Bowsprit - A spar projecting beyond the bow from
which a jib is set.

Breasthook - A knee, either wood or metal which is
fastened to longitudinalmembers such as stringers, deck
shelves, etc., and to the stem, thus tying them together
strongly.

Bridge deck - The decking which separates the cockpit
from the main cabin.

Brighturork - Woodwork on a yacht which is finished
with varnish.

Bulkhead - A partition below decks which separates one
section from another. Used commonly to give extra
strength to a vessel.
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Bulwarks - A continuation of the planking, often above
the deck to prevent the loss of gear or people overboard.

Bumpkin - A spar which extends beyond the stern to
which a standing backstay is attached.

Bunkboard - A canvas or timber bulwark fitted so as a
sleeping person will not be thrown out of a bunk by the
vessel's motion.

Buoyancy tanks - Airtightcompartments in smallvessels
to give added buoyancy in case of the vessel becoming
water-logged.

Butt - The squared end of a piece of timber. Planks are
butted when the squared ends are placed together.

Camber - The amount or curve athwartships in a deck.

Carline - Fore and aft members which support the cabin
sides or cockpit and to which the deck and cabin top
beams are secured.

Carvel - A method of planking where the planks are
fitted to lie alongside each other, presenting a smooth
exterior finish.

Cat rig - A sail rig which has one mast right for' ard and
only one sail.

Caulk - To fill the seams between planks with caulking
cotton so as to make them leakproof.

Centreboard - A central keel which can be raised or
lowered at will.

Chine - The angle formed where the topsides meet the
bottom in a V bottom or hard chine boat. Also refers to
the longitudinal timber which runs fore and aft at this
point.

Cleat - A fitting to which a line may be easily fastened.

Clench -Term used when referring to coppernails which
are turned back into the timber.

Clinker (or clincher) - Type of construction where hull
planking overlaps.

Coach house - The raised cabin of a boat.

Coach roof-The roof ofthe coach house designed to give
extra height below.

Coaming - The raised sides of a hatch or cockpit.

Cockpit - The well, usually placed aft, from which a
yacht is steered.
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Covering board - The plank running around the outer
edge of a deck.

Deadwood - The strengthening piece which joins the
keel to the sternpost.

Displacement - The actual weight of the vessel.

Doghouse (or dodger) - The raised cabin aft which gives
added headroom or protects the helmsman.

Draught (draft) - The depth of water necessary to float a
vessel.

Drift - A tool used for driving plank fastenings home.

DrlJrot - The term'dry rot' is not really correct; all decay
results from damp conditions.

False keel- A piece added to the main keel often used to
fair in with the ballast keel.

Fastenings - Nails, screws, bolts etc., which are used to
hold components together.

Fiddle -A removable strip of wood, whichwhen in place
prevents crockery etc., from falling off a cabintable, shelf
etc.

Flare - The outwards curve of a vessel's sides above the
waterline.

Floor timber - A transverse piece of eithermetal or wood
which is fastened to the planking and timbers and to the
keel, tying the construction togetherstrongly.

Forecastle - The accommodation in the bow.

Forefoot - The section of bow between the waterline and
the keel.

Forepeak - That section below deck which is right in the
bow. A very cramped space used for stowing anchors,
warps etc.

Frame - A large rib of a boat which is usually laminated,
sawn or of metal, used particularly in plywood
construction.

Freeboard - the height of a vessel's side above the
waterline.

Gaff - The spar to which the head of a quadrilaterial sail
is set.

Garboard (or garboard strake) - The plank which lies
adjacent to the keel on each side. Often said to be the
most difficult to fasten, yet the most important.



Graving- Taking the boat from water to repair.

Gunwale - The upper edge of the topsides on a boat.

Hack knee - A knee bracket cut out of a solid piece of
timber about 30 mm thick.

Half beam - A partial deck beam or one that does not
extend the full width of the boat.

Half breadth plan - The drawing showing the shape of
waterlines and level lines.

Hatch -A deck opening usually covered by a hinged lid.

Headroom - The height of the cabin roof from the cabin
sole.

Heel- The lower end of a mast or the aft end of the keel.

Helm - The wheel or tiller by which a boat is steered.

Horn timber - The fore and aft timber between the stern
post and transom

Jogged frame - A section is cut away to take transverse
members.

Keel - The back bone of a boat upon which the rest is
built.

Keelson -Inside theplanking, above the keel,butseparate
from the keel.

King plank - The centre plank of decking.

Knee -A shapedpiece oftimber, preferablywiththe grain
running with the shape, which is used to tie together
such parts as deck to topsides, cabin roof to cabin sides
etc., now replaced by plywood.

Knightheads - Timbers supporting the bowsprit and
giving additional support to the planking just abaft the
stem.

Laminated - Made up of thin strips glued together.

Lands - The ledgers which overlap in clincher planking.

Lap strake - A method of sheeting a boat.

Lee board - Used to increase the height of the side.

Level lines - Lines drawn at regular intervals on a lines
plan which are parallel to and above the L.W.L.

Limber holes - Holes drilled in floor and frames to allow
bilgewater to run to the lowest part so it maybe pumped
out. Drainage holes between the sheeting and the ribs.

L.O.A. - Length over all, or the extreme length.

Locker - Boating term for cupboard.

Lofting the plans - Laying down the lines or drawing the
plan of the boat full size on the floor.

L.W.L. - The length of a boat measured in a straight line
at the waterline where she floats.

Mast step - The timber on which the mast is stepped.

Oakum - Fibrous material used for caulking.

Offsets - Measurements supplied with a plan which
enable the builder to lay the boat out to full size.

Overhang- That part of a hull which extents beyond the
extremities of the L.W.L.

Partners - A strong wood framework to support a mast
as it passes through the deck.

Pay -To put pitch in the joints and seams of the boat.

Plant stealers - Short plans used to make up the total
length.

Port- The left-hand side of aboatwhen lookingforward.

Praam - Refers to a dinghy which has a transom at both
ends.

Pulpit - Strong safety rail fitted around the bow.

Rabbet (rebate) - A groove cut in the stem, keel etc., to
receive the edge of a plank.

Rail - A narrow plank fitted to the top of a bulwark.
Often finished bright for effect.

Reverse sheet - A deck line which in elevation is higher
amidships than at either end.

Ribband - A light, flexible timber used in fairing the hull
shape. (A fairing batten).

Riser - A fore and aft timber which supports the thwarts
in a dinghy.

Rove - Cup-shaped copperwasher used in boat building
to rivet copper nails.

Samson post - A strong post in the foredeck to which
anchor or mooring chains are secured. May also be
placed after for towing etc.

Scarf-A long diagonal join between two pieces oftimber.

Scupper - Drain hole in bulwark which allows water on
deck to drain overboard.
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Sheer - The shape of the vessel at decklevel when viewed

from one side.

Sheer strake - The top plank on each side.

Shelf - The longitudinal member which supports the

outer end of deck beams.

Skeg - An extension beneath the hull which protects the

propeller, also called a shoe.

Sole - The cabin floor.

Spall - A supporting secondary timber.

Spline - A thin wedge-shaped piece of wood which is
glued between planks in place of caulking.

Starboard - The right-hand side of a vessel when facing

for'ard.

Stem - The most for' ard timber in the hull to which the

for'ard end of planks are fastened.

Stopper - A plug.

Stopping - Material for filling gap.

Stopwater - A softwood plug which is driven across a
joint which cannot be caulked.

Stringer - A longitudinal strengthener fastened to the
frames or timber.

Strakes - The boards used to plank the hull of a boat.

Usually comparatively thin in relation to width.

Taffrail- A raised rail around the stern.

Tingle - A patch repairing a hole in the hull.

Topside - The sides of the hull above the waterline.

Transom - The single board etc., used to make up the

stern.

Trenail (or trunnel) - A wooden 'nail', not often seen

today.

Tumble home - The opposite of flair, i.e., the inwards
curve of the topsides from the waterline, or some place.

Wale - A horizontal protecting strip.

Wet rot - Fungal attack or wood decay.
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