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CONSTRUCTION

There are so many choices of materialsin both new and used boats that it can be difficult to
know where to begin making a choice. For some, there will be an emotional bond to one sort of
construction over another.

Lindaand | have owned one or more of just about every type; each hasits advantages and dis-
advantages.

And what about all those construction details? Questions of tankage, ballast, and rudder con-
struction?

The issues to be considered and integrated into a cohesive decision-making process can
become overwhelming. Butif you takethem step-by-step, eval uating each of the many questions
to be considered, in the end aline of reasoning that is correct for your own needswill emerge.

FIBERGLASS

Fiberglass offers many advantages, not the least of which is low production cost and modest
maintenance. We now have ahistorical database to suggest what workswell and where the prob-
lemslie.

Modern race boats have taught builders, designers, and ownerstheultimatelimits of composite
structural design. A plethoraof real-world datahas shown that designersand buildersusing high-
tech materials and the latest analytical data have made craft just a bit too light in construction.
They have shown that one can construct an around-the-world boat or a high-tech daysailer for
professional sailorsof exotic and expensive materials.

These design parameters are used for mass-produced cruising yachts, where many of the same
engineering disciplines apply — except that more common (and less costly) compositematerials,
with ahuge practical database, are used.

Building production boatsis avery competitive business, and theindustry hasasensethat itis
aprice-driven business at the retail level, so builders are always looking for waysto cut corners
while delivering aboat that suitsits owner’s needs. The mgjority of cruising yachts never leave
their moorings, and when they do venture forth, it isusually within protected waters. If the boats
rarely leave the dlip, they can be built with less structure in order to save money and weight. The
owner who uses hisboat for local cruising getsalower-priced product (which makeshim happy),
and the boat isahair faster becauseitislighter.

Now along comes someonewho wantsto go cruising. Thismeansthe boat isbound to see some
stressand strain, whether from the sea, from plain old milessailed, or from an unforeseen mistake
— such as running aground — which would be considered abuse by the average boatbuilder.

Sinceaboat tied to thedock can’t run aground, the odds are greatly diminished that itskeel will
push the back end of the hull up, breaking floors and furniture in the process.

Inaddition, if you aretrapped on areef for any length of timeyour boat will probably have dam-
ageto your topsidesaswell.

We've always felt that the
industry was shortchanging
itself and its customers by cut-
ting too many corners. For a
few percent more in hardware
costs, it could deliver relatively
bulletproof boats, with fore-
and-aft watertight bulkheads,
and a heavily reinforced keel
structure. When we've offered
this, the market has responded ; / )
favorably. e 7

Qkay, | got that off my chest. The hull of a Sundeer 64 after molding has been com-
Let’s take a ook now at the pleted.You can see the solid area of laminate around the

basic engineering that goes keel.The long rectangular patches in the turn of the bilge
into afiberglasshull. are where the water tanks will be bonded in.
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572 REINFORCEMENTS

Balancing Components

To begin with, aswith any structure, the components should be balanced so that they all work
together and so you have a predictable mode of failure.

This means that resins and their physical properties should be tailored to match those of the
reinforcements being used. Cores, where they are used, need to be able to transmit the ultimate
sheer loads between the skinswithout failing.

Secondary bonds, used to integrate primary and secondary structures, must be carefully made,
with high factors of safety to alow for variablesinherent in the manufacturing process.

REINFORCEMENTS

It wasn't long ago that all fiberglass yachts were produced using pretty much the same rein-
forcements. Today, however, thisisnot the case. Manufacturers— driven by the need to cut costs,
reducevolatile emissions(for the EPA) and trimweight — are building with an array of new types
of materials.

Regardless of whether you're buying anew vessel or aused one, you will want to consider the
lay-up schedule used in its construction.

Woven Rovings

Traditionally woven fiberglass reinforcements called woven rovings have been used for the
bulk of structural laminates. These materials are made up of large bundles of fiberglass rovings.
Relatively easy to work with, they conform to curved shapes and are simple to impregnate with
resin.

Because each of these roving bundles of fiberglassis rather thick, thereisalot of contouring
between the rovings as they weave over one another to create this material. The thickness of the
fabric makesit difficult to get any two layers of woven roving to stick together, asthere’snot alot
of surface areatouching and there are many void areaswhich arefilled with resin.

However, woven roving enables one to apply alarge mass of reinforcement to a laminate
quickly. Sinceitisrelatively efficient to weave, the laminate costs are quite reasonabl e.

Mat

To solve the interlaminary bonding problem, alayer of chopped strand mat is used to fill the
voids between the layers of woven roving. Thefibers are typically about 2 inches (50 mm) long
and laid down in arandom pattern by the manufacturers.

Mat is not really a structural material, per se, but rather atough filler that also enhances the
impact strength of thelaminate. In aresin matrix it is reasonably strong and providesthe bulk to
bridge the gap between the woven undulations of the two layers of woven roving. The mat also
adds thicknessto the laminate, and by so doing, hel psthe stiffness of the structure by increasing
its moment of inertia.

The big negative with mat is that it holds lots of resin and, for its weight, is relatively
weak.Where weight is hot amajor concern, mat and woven roving combinations can create an
extremely strong structure at amoderate cost.

Unidirectionals

Unidirectional (UDR) reinforcements eliminate the weaving process and the need for a mat
interface between layers of the laminate. They consist of much smaller bundles of fibers running
in onedirection in asingle planein the laminate. These bundles are layered together by knitting
or are fused together with lightweight fibers to hold them in place until the laminate has cured.

The advantage of thismaterial isthat it can be oriented in the most efficient direction to accept
the design structural loads. Orientations commonly used are layers at right anglesto each other
for longitudinal and hoop strength and off-axis 45-degree angle layersto resist torque loads.

The UDRs offer a series of advantages: Because the weave, and its attendant strength reducing
crimp has been eliminated, these reinforcements pick up the load much more directly and effi-
ciently than woven roving/mat laminates. (Woven roving has a spring effect from the over-and-
under nature of the material.)

Asthereisnoweavethickness, multiplelayerscan bebuilt up without theuse of mats, or if mats
are used, they can be much thinner.

The result is alaminate that is stronger for the same weight, or lighter for the same strength.
However, because the UDR laminate is much thinner than the mat and woven roving laminate, it
does not have as much moment of inertiaand panel stiffnessin asolid-skinlaminate case (asthis
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RESINS 573

is primarily a function of
laminate thickness). As a
result, UDR laminates are

Strength to Weight Ratios for Various Materials
(Expressed in miles of material required to break of its own weight )

typically only foundincored  Material Density Tensile Strength Distance
structures. (#/Cu.In.) (Kilo pounds / Sq. In.)  (Miles)

nacusmonet m L, me o
Iag]d?géég I’I]St | (;Ci.?lligd |tr?1p§c? KEVLAR 49 .0421 157.5 59.05

. S-GLASS .0535 199.50 58.85
resistance. Because the lay- 34555 2900 88.00 479
ersof UDR arethinner, they  6161-T6 .0980 42.00 6.76
can’t withstand as much  DOUG FIR .0173 12.40 11.31
impact load as the solid- MAHOGANY  .0163 9.30 9.00
skinned mat/woven roving SPRUCE .0134 10.30 12.13
laminate. This meansthat a ~ TEAK 0228 12.80 8.86
laminate, developed to take
basic seagoing loads in con- Here's an interesting chart from Kozloff Enterprises, comparing
junction with acore, may not various materials on a strength-to-weight basis for tension strength.
have enough strength to ade- The key figure is the right-hand column, which indicates the

quately resist the impact amount of material required to bring a given material to failure.

encountered on an exotic
reef.

For cruising, when usingaUDR reinforcement system, it isusually advisableto add additional
thickness (and weight) to the areas that might hit things.

E-Glass

E-glass, which was developed in WWII for electrical circuit boards (hence, the designation
“E") isthe standard fiber used in most boats. It has reasonable mechanical propertiesandisrela
tively easy to work with.

S-Glass (R-glass)

S-glassanditsclose cousin R-glass, were devel oped inthelate 1950sfor aircraft useto provide
astructura (hence the “S’) glass material that was 5% lighter but with 25% more elongation,
strength, and stiffnessthan E-glass.

When combined with higher performance resins, it can produce very light, tough structures.
You will sometimesfind S-glassused in rudder stocksand around the structural floors supporting
keels.

Kevlar

Kevlar isanother notch up the exotic scale because of itslow density. It is much more difficult
to work with than E- or S-glass and much more costly. It has better abrasion and tear resistance
than carbon, E-glass, or S-glass— but, as can be seen from the attached table, it is not as strong
assome of the others.

If this material isused by itself, as a protective layer, it can deliver an extramargin of safety.
However, there are a number of commercial hybrids of Kevlar and S-glass that are stitched
together, with the Kevlar having only atoken presence.

Some builders use these materials and tout the fact that they thus have an exotic Kevlar-rein-
forcement material for your vessel. However, the small percentage of Kevlar in the hybrid indi-
catesthat it will have asmall, if any, impact on the structural equation.

Carbon Fiber

Carbonfiber isking of thehill intermsof strength and stiffness-to-weight ratios. Matched with
the correct resins and/or sandwich cores, the performance gains that can be achieved are truly
remarkable. Insomeinstances, thejudicioususeof carbon fiber in conjunction with conventional
laminates makes economic sense. Two examplesarein amast step, or inthereinforcement at the
aft end of the keel — both of which are subjected to high bending loads.

RESINS

Holding all thesefiberstogether arevariousformsof resins. Whiletherearemany chemical and
physical propertiesto evaluate, we're mainly concerned with one— tensile elongation, or brittle-
ness. Thisfancy engineering term isameasure of how far aresin will stretch beforeit fails. Ide-
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574 CORES

aly, theresin will stretch to the point where the fiberglass reinforcements can carry the full load.
However, thisisn't usually the case, leading to the milky-looking fractures typical of damaged
fiberglass.

Finally, we get to thereally good stuff. Vinylester and Acrylic-Modified Epoxy (AME) resins
are stronger than the common polyester and isothalic resins, and also have a tensile elongation
more closely matching the fiberglass reinforcements. They’re highly resistant to blistering and
have excellent secondary bonding characteristics — which means the attachment of bulkheads,
chainplates, etc., to the main hull structure.

While they’re somewhat more expensive than polyesters, this cost adds up to asmall percent-
age of thetotal cost.

If | were building anew fiberglass boat today, | would use one of the aboveresins.

Orthothalic Polyesters

Themost common form of polyester resinisorthothalic. These havethelowest structural prop-
ertiesandtheleast elasticity beforefailure. Typically they fail at lessthan 1.5 percent el ongation,
whereas the fiberglass reinforcementswill go to 4 or 5 percent before breaking. Orthothalics are
also subjected to chemical attack from base materials which leadsto blistering, or the pox.

Isothalic Polyesters

Next up the scale come the isothalic polyesters. These have better than twice the tensile elon-
gation and much better structural and chemical properties. Better-quality yachts are built with
these isothalics, typically having fewer problems with osmosis, since the isothalics are more
chemically resistant.

Vinylesters

Vinylester (VE) resins have been with us since the 1950s, when they werefirst used in building
fiberglass structures that required chemical resistance. However, along with being expensive,
they were difficult to work with dueto specialized catilization procedures.

About ten years ago we started to seeV E resins with handling propertieslike the normal boat-
building resins, so the only issue remaining wasthe 100% cost premium.

Expensive?Yes, but look what you get:

1. Theresinitself isabout 12 percent lighter than polyester, yielding an easy 7 or 8 percent
laminate weight saving. It is chemically resistant, especially to petroleum products, and is not
subject to osmosis.

2. Secondary bonds are easier to accomplish and are of higher strength. More important are
the physical properties. Tensile strength isabout 15 percent higher than polyesters— 25 percent
if you consider strength for weight.

3. Most critical, however, are the tensile-el ongation properties. Where orthothalic resinsbegin
tofail at around 1.5 percent tensile elongation (typically before the reinforcement startsto play
muchrole), theVE resinscan goto 5 percent elongation beforefailure. In animpact situation, this
will have ahuge impact on the survivability of thelaminate.

Inthelast ten yearsor so, we've specified all our production yachtsto be built withVE resins.

Epoxies

FI)Epoxi es have the best physical properties of al resins, with strength-to-weight ratios as much
as 10 percent better than even theV E resins. However, they tend to be more difficult towork with
and areincrementally more costly.

If you arelooking for the ultimate structure, epoxies are the way to go. But the weight savings
in acruising context are not significant enough to justify the added expense.

CORES

Because most solid-fiberglasslaminatestypically havealow modulus of elasticity, it takesalot
of laminate thicknessto get ahull panel stiff enough to accept sailing loads. Such ahull laminate
must be very thick (and therefore heavy) to devel op the proper moment of inertia, which, when
multiplied by themodulus of elasticity, resultsinthe panel stiffnessrequired. Thealternativeisto
use much lighter skins, separating them with a core. Because stiffhess of a sandwich panel goes
up with the square of the distance between the faces, very stiff panels are generated for low
weights.

From a structural standpoint, the outside sandwich skins are considered to be loaded in com-
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pression, the core transfers the outer skin load to
the inner skin in the form of shear, and the inner
skin picks up thisload in tension. Because FRP
laminates are typically stronger in tension thanin
compression, the outer laminate usually ends up
being 1.5 timesthicker than theinner laminate.

Cored boats have some other advantages. First,
they have anatural insulation value (which varies
depending on the core). Second, the panels are
almost alwaysstiffer than their solid FRP counter-
parts, reducing hull-flexing and scantling require-
ments and improving the performance and
longevity of the hull.

However, to be successful, the builder using a
cored laminate must maintain higher quality con-
trols than those of solid FRP construction. The
materials must be properly sealed and bonded.
Obvioudly, make sure that the FRP skins are well
adhered to the core!

Physical Characteristics

It is the sheer properties of core materials that
are of greatest interest. The better these are, the
better the job the core material will doinresisting
loads.

Sheer value varies between core materials with density. The higher the density (heavier) of a
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given material, the better shear strength it will have.

Compressive strength is interesting. This helps to deflect localized loads, such as bolting of
hardware or thetip of an outboard fin. With end-grain balsa cores, except for highly loaded deck
fittings, compression isnot usually aproblem. However, it is something that needsto be watched

with plastic foams.

=7

\\‘-—"'\-y/(

High Strength Skin

=

=

\

—d

4

I

7=

ik
i

(Facings)
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Core

The core acts as a “sheer web” trans-
ferring load from one skin to the other.
The thicker the core, the stiffer the panel.

Since cores are available in different thicknesses and densities, there is a considerable amount

of “what if” engineering done with each structure.

SOLID LAMINATE

THICK WEIGHT MODULUS MOM INERTIA STIFFNESS T STRENGTH
(Inches) #/Sq.Ft) (Psix 10°) (Inches)* (# Inches?) (Psi)
0.05 0.40 1.63 1.04E-05 17 27,500
0.10 0.80 1.63 8.33E-05 135 27,500
0.15 1.20 1.63 2.81E-04 457 27,500
0.20 1.60 1.63 6.67E-04 1,083 27,500
0.25 2.00 1.63 1.30E-03 2,116 27,500
0.30 2.40 1.63 2.25E-03 3,656 27,500
0.35 2.80 1.63 3.57E-03 5,806 27,500
0.40 3.20 1.63 5.33E-03 8,667 27,500
0.45 3.60 1.63 7.59E-03 12,340 27,500
0.50 4.00 1.63 1.04E-02 16,927 27,500
Stiffness vs Weight for Solid Laminate
18,000
Y.
16,000
o 14000 /
<
g 12,000 /
£ 10000
. v’
@ 8000 A
é 6,000
@ 4000
2,000
0
040 080 120 160 200 240 280 320 360 400
Laminate Weight - # / Sq.Ft.

Stiffness for a
solid laminate,
using standard E-
glass hand-laminate,
with orthothalic
resin. This is based
on a 50 percent by
weight volume of
glass to resin (29.5
percent by volume).
The chart on the
next page shows
the same data for a
cored panel.The
same materials are
used, but with sub-
stantially less lami-
nate, as you can tell
from the weights.
The core material in
this example could
be balsa or PVC.
(Kozloff Enter-
prise charts)
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576 CORES

If you go with thicker cores, thinner skins can be used. However, these structuresarevery rigid
andthusmoredamageproneinacollision, especially whentheir thin skinsaretakeninto account.
For cruising, it is usually better to specify an outer laminate that has the local impact capability
you are looking for, and then work the core to be efficient with this somewhat thickened outer
laminate.

Balsa

End-grain balsamakesawonderful core material. It hasvery high sheer properties, ismoderate
in cost, and easy to work with.

One of the big advantagesin the shop isthat the end-grain tendsto suck in theresin, making a
good bond to the fiberglasslaminate easier.

Thisis, however, atwo-edged sword. If not handled correctly, it will suck in excessamounts of
resin, thereby increasing your weight. To get around this problem, the bal sasupplier can pre-coat
the surface of the bal saso that only amodest amount of resinwill be aborted — or the builder can
pre-coat the bal sawith resin himself or herself.

Several densities of balsaare available. Theleast costly and most commonly used is about 10
pounds per cubic foot. Thelighter, aircraft-grade isabout 7.5 pounds per cubic foot.

Wetypically specify thelighter density for use in decks, and the heavier for the hull.

There's been a question about the longevity of balsa core. What happens if it gets wet? How
doesit stand up to aging? Our experienceisthat long-term viability isnot anissue— aslong asit
isproperly installedin thelaminate, and any penetrationsfor deck hardware are done so theedges
aresealed.

M oi sture migration does not seem to have been aproblemfor us, or on many of the boatswe've
looked at that have been built with balsaasacore.

Somebuildersleaveit out of the hull bel ow the waterline. We haven't had problemswith using
bal sa bel ow the waterline. However, we do not put it in the keel sump.

PVC Foam

PV C foams come in two varieties — stiff, cross-linked foams like Divinycell and Klegecell,
and non-cross-linked flexible foams such as Airex and core-cell.

Thecross-linked foamsare often used in racing boats (aswell as many cruising boats) because
you can develop a stiffer laminate for a given weight. These cores tend to be lighter, although
more costly, than balsa.

CORED LAMINATE (With 1" Thick 5 Pound per Cubic Foot Core)
SKINTHICK  Total Thick ~ WEIGHT ~ MODULUS MOM INERTIA STIFFNESS T STRENGTH
(Inches) (Inches) #/Sq.Ft) (Psi x 10°) (Inches)® (# Inches?) (Psi)

0.05 1.10 122 1.63 2.76E-02 44,789 27,500
0.10 1.20 2.02 163 6.05E-02 98,313 27,500
0.15 1.30 2.82 1.63 9.92E-02 161,180 27,500
0.20 1.40 3.62 163 1.44E-01 234,000 27,500
0.25 1.50 442 163 1.95E-01 317,383 27,500

Stiffness vs Weight - Cored Laminate
350,000
>
300,000 A
$ 250000
E ' //
*
g 150000 4
.g, 100,000
(2]
50,000
0
122 202 282 362 4.42
Laminate Weight # Sq.Ft.
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PRODUCTION PROCESSES 577

Airex and core-cell tolerate more abuse. They will allow the outer laminate to deform, while
keeping the laminate-to-core bond intact, under conditions in which the same bond would fail
with cross-linked foams.

Foam-core materials can be purchased in densities ranging from a couple of pounds per cubic
foot up to 18 pounds per cubic foot. Most boatbuilding takes place in the range of 5 pounds per
cubicfoot density. The higher-density materialsare used whereloads are high — perhaps around
therudder shaft or chainplates. The highest densities are used where hard spots haveto be created
for deck hardware.

Whilefoam cores are common in the decks of race boats, for cruising you need to consider the
long-term effects of heat |oad, aswell asresistance to impact damage.

Honeycomb

Honeycombshavelong been the staple of theaircraft business, both for structureand furniture.
They are available made from material s ranging from paper, to a uminum, to Kevlar-based mate-
rials such as Nomex.

Using honeycomb takes sophisticated vacuum-bagging techniques. It can produce very light
structures, but their longevity in acruising context is suspect.

Most racing boats with honeycomb-panel interiors do not stand up to abuse and are typically
pretty well shot after afew years of working.

Hard Spots

With any structure — whether solid glass or cored — be careful with areas of load concentra-
tion such as winch bases, prop shaft and rudder-bearing connections, chainplates, and wind-
lasses. The concentrated |oads from these devi cesand thefastenersthat hold themin place should
be carefully spread into the surrounding structure.

With cored laminatesit is common to substantially increase the core density, substitute some
form of timber, or go to solid laminate.

Where boltsareinvolved, take careto deal with thread loads.

Delamination
When using acore material, be concerned with del amination — where the skins separate from
the surface of the core material. Whilethisis not awidespread problem, it does occur.
Delamination iseasily found (in new or old hulls) by simply tapping on the laminate. You will
hear adistinct changeintoneif you find an areafree of the core. If thisoccursin amoderate-sized
area, the offending skin can beremoved and reglassed. Nevertheless, it'sbetter todoit rightinthe
first place!

PRODUCTION PROCESSES

All sortsof crude and sophisticated methods are used today in the production of fiberglasslam-
inates. All have variousforms of mystery associated with asuccessful outcome. Adding the vari-
ables of climate (temperature and humidity), time, the working characteristics of the material,
and human error, you can see that a successful track record with agiven techniqueisimportant.

Room-Temperature Laminates

By far the most common form of production takes place at room temperature. Since climate
control iscostly intermsof capital and operating budget, most builderswork in ambient weather
conditions. The characteristics of theresinsbeing worked with are adjusted by both theresin sup-
plier and the builder to meet the weather regquirements of the timeinwhich the hull isbeing laid
up. Room-temperature-cure resins have a catalyst injected or mixed with them just before appli-
cation. Thisstartsachainreaction, leading to cure. Thereislimited window of workability during
the catalyzed stage, during which the laminate must be compl eted.

Heat-Curing

The use of heat for curing opens up a series of chemical possibilities. One is a much longer
working period, allowing larger parts and possibly morelayersin one pass. With higher level s of
heat, atemperature-sensitive catalyst can be used. Thiswill not start to react until the heat thresh-
old hasbeen reached, allowing the builder to use pre-impregnated material s, unwound fromaroll
and laid into the mold asrequired.

Heat al so can be used to substantially improve the physical properties of the resins used.
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578 CONSTRUCTION DETAILS

Vacuum-Bagging

Vacuum-bagging isarelatively inexpensive means of substantially improving afiberglasslam-
inate, especially if cored materialsareinvolved.

The processis simple enough. Once apart has been laid up in amold, aplastic sheet (or series
of sheetstaped together) islaid over the molding surface. The edges of the sheet — or bag, asitis
referred to arethen taped downtotheperimeter of themold. Finally, aseriesof hosesareledfrom
different areas under the bag to amanifold, whichisin turn connected to avacuum pump. Asair
isremoved from under the bag, the outsi de atmospheric pressure beginsto push down on the sur-
face. Eventually pressureashigh as 7 to 10 pounds per squareinch isachieved. Thissqueezesthe
laminates closer together, andin the case of cored structure, ensuresthat the coreisforced intothe
bedding putty/resin matrix. The amount of resin that needs to be used is reduced, yielding a
lighter structure— with no sacrificein structure.

A few years ago vacuum-bagging was considered a technique for racing vessels only. Today,
however, it is used quite commonly by production builders just trying to make a high-quality
product. Over theyearswe'veinsisted that all our cored yachts be bagged during theinstallation
of the core materials.

SCRIMP Process

The SCRIMP process takes this one step further. The entire laminate, all the reinforcement
materials and cores are placed in the mold dry. A very high vacuum, typically twicethat used in
the conventional process, isthen pulled on thisdry assembly.

When the proper point isreached, suction valvesare opened to pails of resin placed around the
mold, and theliquid resin is sucked into the laminate.

Thetechnique is amixture of art and science. Theresin has to be specially catalyzed, and the
location of the resin injection hoses obviously takes sometrial-and-error.

Because this process uses both atmospheric pressure and vacuum whilethe reinforcementsare
dry, the final laminate ends up with a minimum amount of resin, saving weight and improving
structural performance.

Interlaminary bonds are no longer a problem, as the entire processis done at one time. Also,
the cores are really well bonded within the areas between core blocks (if they’ve been scored)
filled withresin.

We used this processto build the Sundeer 56 and 64 and found that we achieved glass-to-resin
ratios onthe order of 65:35 by weight. We saved considerableweight in resin, most of whichwas
put back in the form of additional reinforcing fibers.

CONSTRUCTION DETAILS

Asthey say, the devil isin the details, and this is nowhere more accurate than when you are
talking about fiberglass construction. Frequently the details that make a difference have a small
impact on cost. Getting them right ismore aquestion of understanding the problem of an offshore
cruising vessel, and then using your head to come up with the right approach.

Hull-to-Deck Joints

Thisis probably the most important construction detail in the boat. If done correctly, you will
never even havetothink about it. However, any problemswill quickly manifest themselvesinthe
form of leaksthat are difficult to trace and devilish to stop.

There are two types of loads on the hull-to-deck joint. Thefirst isthe structural interaction of
the hull and deck. The deck acts as aweb in abeam, the hull sides being the beam flanges. This
hel ps keep the hull from moving under load.

Thedifficulty with the hull-flexing loadsisthat they constantly vary in intensity and direction,
with frequent load reversals. All of this makes it tough for the hull-to-deck joint to handle the
loads over time.

The second type of load is more transitory, but of much higher magnitude. This occurs when
you smack into apiling or haveacollision with another vessel. If you do much cruising, your boat
will be subjected to thistype of abuse. Hopefully your hull-to-deck joint will taketheload. There
are severa key factorsin making a good connection between hull and deck. Thefirst is contact
area between the two structures— the more, the better. The various scantling rules have recom-
mendationsinthisregard. Wenormally liketo see4inches (100 mm) ona50-foot (15.4m) vessel.
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CONSTRUCTION DETAILS

The second factor is fit between
flanges. The better thefit, the better the
bond between the two surfaces. Third
are the structural fasteners. These
should be engineered to carry the full
load, regardless of what sort of adhe-
siveisused in thejoint itself. The size
and spacing of the boltsisafunction of
the thickness of the toerail or jib track
throughwhichthey pass. Thismember
spreadstheload of the bolt.
Hull-to-deck joints used to be
assembled using a mix of fiberglass
mat and resin. Today structural adhe-
sives are more effective, providing

resilience to maintain the westhertight

integrity of theseal in case of any local-
ized movement.

The assembly bolts are frequently a
source of leaks over time. Only careful
bedding will prevent this.

Another approachisto place alami-
nate along the hull-to-deck joint on the
inside after the bolts have been tight-
ened.

Hull-to-deck jointsthat are stiffened
with an angled gusset are the strongest
and most efficient over time at dealing
with hull flexing and localized impact.

Furniture as Structure
Furniture is frequently heavily
bonded to the hull and used as local
stiffening. This makes sense weight-
wise. However, what you are doing is
taking weight from the hull laminate
and putting it into the furniture so it
will carry loads, then increasing the
bonding of thefurnituretothehull soit
will transmit the load. In an offshore
cruising context we prefer to see the
hull structure engineered to work with-
out the furniture. The lighter furniture
weight isthen put into the hull whereit
will do a better job against abrasion
and impact. It does, however, cost
money and add weight to the boat.

Integral Tanks

Integral water tanks can be built
wherethe hull formsapart of the tank.
Therewill be sometaste and odor with
glasstanksfor several yearsafter man-
ufacture, but this can be dealt with by
using a charcoal filter. Having a small
stainless steel tank for drinking water
also makes sense.
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Here's a typical detail (above) from one of the fiberglass
hull-to-deck joints on one of our production boats. The
deck sits on a wide flange that is formed by an inward
projection of the hull. The core necks down to solid lam-

inate in this area, as well as around the window detent.

With one-off projects we usually specify the hull to
deck joint be glassed inside and out. This is not only

strong, but totally leak proof (lower illustration).
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CONSTRUCTION DETAILS

On both of our production yachts we molded in long
fiberglass watertanks outboard of the furniture from the
saloon bulkhead aft to the engine-room watertight bulk-
head. In the saloon these tanks formed the bases for the
seating.

It gave us lots of volume in an area in which storage was
difficult and had the advantage of being well outboard so
that water could be carried to windward on long hauls.

In addition, this tankage, taking place in the turn of the
bilge, added an extra layer of protection in case of a
severe grounding.

Diesel fuel should never be
stored in integral tanks. Die-
sel has a much lower viscos-
ity than water, and in atank
that appears to hold water
you will find diesel leaks
everywhere!

Hull Windows

Hull windows in fiberglass
hulls should be carefully
done so that the stress risers
created by the openings do
not become the source for
cracks in the hull lami-
nate.This means substan-
tially increasing the laminate
intheareaof theopening, and
removing any nearby core.

Hatches
Whenever you cut aholein

the deck, you create a stress
riser, concentrated aroundthe
corners of the cutout. If the
hatch frame is structurally
adhered to the fiberglass
hatch coaming, it will pro-
vide some reinforcement.
Typically, however, not much
load is taken by the hatch.
The best thing to do isto run
some extralaminate or unidi-
rectional reinforcement
around the hatch corners.

On fiberglass hulls
we've found that
creating a fiberglass
flange onto which
the Lexan window is
placed works well.
These windows sit
on a special rubber
gasket and are held
in place by the alumi-
num bearing ring.

In the area of the
fiberglass flange
core is removed and
laminate thickness is
beefed up, so that
there is extra mate-
rial to deal with the
stress riser created
by the window
opening.
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Robb Ladd drew the bulkhead attachment above for a project we were thinking about
building in Taiwan (on which we didn’t proceed). It shows the basics of how to bond in
a bulkhead to reduce the chances of print-through on the topsides.

A section of core material should be placed between the bulkhead edge and the hull
laminate.Then, lay up the tabbing between bulkhead and hull in a cool manner, keeping
the heat generated in the curing process to a minimum.

Using a high-solids resin with low shrink characteristics will also help to reduce transfer.

Bulkhead Attachment
Bulkhead attachmentsare not only structural issuesbut aesthetic onesaswell. If donecorrectly,

the bulkhead will stay in place regardless of theload and you will never know from theinside or
outsidethat it isthere.

Doneincorrectly, the bulkhead will show right through the gelcoat as avertical crease. To get
around this problem of print-through, several thingsare done. First, the hull laminate needsto be
fully cured before the bulkhead is installed. Second, some form of a pad is placed between the
edge of the bulkhead and the laminate. Thisistypically athin piece of core material to absorb
some of the pressure of the bulkhead as the secondary bonds cure and begin to shrink. Third, the
secondary bonds are done with resins which have low shrinkage factors, and are done over time
so excess heat buildup (which increases shrinkage of the resin) is minimized.

Chainplates
Chainplates, whererig loads are taken into the hull, represent the highest |oad concentration on

theboat. If the chainplatesareinboard, for tight sheeting angleto windward, theload needsto be
transferred out to the hull. Inboard chainplates aretypically bolted to heavy knees or bulkheads,
whichinturn are heavily glassed to the hull.

The area where the chainplate penetrates the deck should be solid laminate, as chainplates
amost awaysleak at somepointintheir career. You don’t want thiswater getting into your deck
core.

We prefer to use awide staying base, which reduces rigging loads and allows us to attach our
chainplates directly to the hull sides. Thisis much more efficient structurally and less prone to
|eakage over time. The laminate in the area of the chainplates should be increased to handle the
bolt loads. A common practice is to use long tows of unidirectional reinforcement around the
areas where the bolts come through the laminate to spread the load.
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582 CONSTRUCTION DETAILS

With chainplates attached directly to the hull
the connection is quite simple. The laminate is
beefed up to absorb and spread the load. With
external chainplates they are simply bolted
through the topsides. Or a knee is laminated to
the hull to which the chainplate is bolted.

Working with Clive Dent at TPl we adopted this stye of chainplate on our production vessels.
It is enormously strong and tied, as you can see, to a heavily reinforced section of hull. With ten
bolts to spread the load, you can be sure that these chainplates are not going to move.
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Certain key areas of the hull need to be extra heavily built for cruising:

(A)The turn of the bilge for strandings and the aft end of the keel for taking the ground;
(B) The area around the mast for mast compression and chainplate loads;

(C) The bow for collisions.

CRUISING REINFORCEMENTS

We'vealready discussed cruising reinforcements, but the subject issoimportant, wefeel asec-

ond look isworthwhile.

If you are building new, you should know that for avery small increasein cost and weight you

can tremendously increase your factors of safety in the vulnerable areas of the hull. Thisoffersa

much better chance to survive an otherwise damaging incident unscathed. It makes so much

sense to me, | don't
know why all builders
don’'t take this
approach from the
start and market the
fact that they arebuild-
ing bulletproof boats.
Working with TPI

on the Sundeer pro-
duction series gave us

ared insight into how
to efficiently build a
strong, moderate-dis-
placement cruising
yacht. We started out
using vinylester resin
because of its superior
structural properties,
lighter weight, and,
most important, its
ability to stretch under
load (tensile elongate)
in such a way as to
match what was hap-
pening with the fiber-
glassreinforcements.

FOREPEAK
STRINGER

Under normal sailing loads, the bow sees a moderate amount of
load. However, in a collision the forces escalate dramatically. In fact,
we don't even know how to model collision forces. However, since
the total potential surface area of impact is not that great, you can
afford to put some real beef into the bow to deal with extra loading.
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CRUISING REINFORCEMENTS
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Section (A) is the basic
laminate we used on the
Sundeer 64 (and in scale on
the 56).The basic layer,
called 5605, is a 56-ounce
quadraxial layer of unidirec-
tional rovings stitched
together. These layers by
themselves are the equiva-
lent of what ABS requires for
a vessel of this size. In addi-
tion there is a 3/4-ounce
mat between the 5605 and
balsa core, as well as
between the 5605 and the
hull surface gelcoat.

One layer of 5605 is the
equivalent of three layers of
24-ounce woven roving.

Section (D) is used in the
forefoot area.. In addition
to the basic laminates in
hull and bottom as shown
in (B), this adds another
layer of 5605 for collision
resistance!
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Section (B) is the same as
the basic laminate, but with
an additional layer of 5605
that runs below the water-
line for the entire hull.

Now we get to the serious
bow reinforcements!

Take everything you've seen
in section (D) and add seven
layers of 1708 biaxial UDR at
17 ounces per yard, and you
have a laminate that is the
equivalent inimpact strength to
3 inches (75 mm) of solid con-
ventional laminate.

These extra layers of biaxial
material actually run down the
entire centerline of the hull,
with additional layers in the
area of the keel loading, as you
can see in the drawing in the
middle.

The right drawing shows the
effect of the centerline materi-
als together with the two layers
of 5605 in the bottom.

Section (C) is the
same as (B) except that
an additional layer has
been added in the top-
sides around the water-
line to provide puncture
resistance. The extra
bottom 5605 and the
waterline 5605 overlap
below the waterline to
form a doubled area of
extra reinforcements.
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)  Here is another

approach we've used to
bow reinforcement. As
you get close to the
potential impact area of
the bow the core mate-
rial is tapered off and a
solid laminate is used.
However,about half way
up the bow a high-den-
sity core is used
between heavy inner
and outer fiberglass
skins to reduce weight.

When we looked at the types of reinforcing materialsto use, it wasimmediately apparent that
unidirectional E-glasswas most efficient. Because we had the capabilities of TPI’shigh-vacuum
SCRIMP process, these UDRs could be laid up in a single pass of heavily knitted material for
most of thetopside and hull areas. Additional material was added, as per our standard practicein
thebow for collisions, down the centerline, around thekeel, and around the rudder shaft. We used
CK-10 balsafor the hull and CK-7.5 for the deck.

While the overall laminate, in conjunction with the vinylester resin, was extremely tough by
any normal standards, it was a hair thin for extended stays on areef in the turn of the bilge. You
could arguethat the hull-side freshwater tanks gavel ots of extraprotectionin the event of apunc-
ture, but after considering the issue we decided to offer the owners an upgrade in the laminate
schedule around the waterline.

Thiswasasecond complete layer, narrow at the bow, roughly 4 feet (1.2 m) wide at the turn of
the bilge, tapering back towards the transom.

Thisdoubling of the exterior laminate offered an enormousincreasein physical and emotional
security. The cost was about 0.5 percent of thetotal cost of the boat, while theincreasein weight
was about 0.75 percent.

All of the boatswere built thisway.

EXTERIOR FINISH

Theexterior finish on your boat has abigimpact on your cost of ownership. Done properly, the
finish should ook good for years. But once you start to repaint it can get costly very quickly.

Colors

Any color other than whiteis subject to fading. The darker the color, the faster it will fade, and
it will be moredifficult to match for repairs. Inaddition, dark colorsabsorb heat like crazy, mak-
ing theinterior less comfortable and creating potential problemsfor foam cores.

Gelcoat

Production fiberglass vessels are always finished with a special resin, called gelcoat, whichis
sprayed into themold beforethe first laminate. Doneproperly, with good quality gelcoat inwhite,
it will last decadesif cared for.

The glossthat gel coat achieves and then holds over timeis moderate, which isan advantagein
hiding unfairnessin the molds, bulkhead transfer through the laminate, and dings you will incur
withtime.

LPU

Most custom yachts are painted with linear polyurethane (LPU). Thisis applied after the hull
has been laminated, removed from its plug or mold, and faired. Because the gloss of LPU isso
high, it shows every little defect. The surface finish must be to amuch higher standard than that
of gelcoat.

LPUstypically do better with sun degradation than do gelcoats, and they are alittle lighter, as
they are not asthick (allowing for fairing).

Last Chapter

Next Chapter

Help!




586 CHECKING A USED BOAT

Deck Nonskid

Nonskid should belooked at as a safety issuefirst and in an aesthetics context second. In order
to doitsjob when the boat is heeled and the deck is wet, the nonskid needs to be very rough. It
should berough enough so that if you fall it will scrape your kneesand hands, and so that you are
worried about it wearing through your foul-weather gear. Anything lessthan thiswill be slippery
when you |east expect it.

Thetypical method of adding nonskid to amold surface, or when post-finishing aone-off deck,
isto useasprayed glassor plastic bead heldinaresin or LPU matrix.

Anything other than the largest glass beadswill betoo slippery. And even the large glass beads
aremarginal.

Course sand givesthe best surface (it must be pure, without iron contamination, or theiron will
eventually bleed through). The problem with sand isthat it is difficult to get an even, good-1ook-
ing surface and, when used on one-offs, tendsto be heavy.

If you arelaminating the deck in afemale mold, care must be taken that the nonskid surface of
the mold does not becomefilled with mold rel ease. After several cycles of the deck tooling, there
will be an accumulation of release agent in the nonskid poresthat must be removed.

Molded-In Antifouling

Ferror Corporation has been promoting amolded-in antifouling called Copper Coat. Basicaly,
thisis a copper powder that is sprayed into the mold like a gelcoat. The bottom is then sanded
before launching to activate the copper.

It doeswork keeping barnacles at bay. However, the experience of our ownerswho have used it
isthat it does not work well with grass and algae and that you must keep after the barnacles and
dive periodicaly.

CHECKING A USED BOAT

Fiberglassis by far the most popular material intoday’s cruising fleets. It'srelatively inexpen-
sive, easy to maintain, and generally makesfor good resale value at the end of the voyage.

A majority of boats rarely leave the marina for very long and are seldom subjected to heavy
loads at sea. Asaresult, it'sunusual to find aheavily built, modern mass-produced boat. For this
reason, it's usualy better to look for a fiberglass boat built before 1973. That was the year that
resin pricesfirst shot up. Before that, with resin going for under 20 cents a pound, manufacturers
could afford to throw in extralaminate here and there.

When | worry about the scantlings of afiberglassvessd, it’s not the seathat concerns me. The
loads of heavy weather can be substantial, but hull failures under sealoads are rare even in the
skinned-out racing boats of today. It's when the boat meets the ground that problems arise. A
lightly built hull, with hard spots at poorly bonded bulkheads, will last afraction of thetime of a
heavily built hull when lying on areef.

When examining afiberglass hull, ook carefully at the bonding of bulkheads and the extra
glass at the hull-to-deck joint. If the boat has had some hard sailing, you'll be ableto seeif she's
working. If you can't see all the structural joints because permanent cabinetry isintheway, or if
the hull-to-deck joint ishidden, stay away from the boat.

“Old” Boats

It used to be thought that fiberglass boatswould live forever. And thisis possibly true for some
of theearlier, heavily built boats. Because theindustry did not understand the physical properties
of this new “miracle” material, most builders erred on the conservative side. The first Bounties
built by Coleman Boatworksin the late 1950swere over 2 inches (50 mm) thick!

But astheindustry learned more and more about what fiberglasswoul d take, they reduced lam-
inate schedul es (both to save weight and improve performance).

When you add in the loss of strength created by moisture absorption, easily a 25 percent (or
more) hit, some of the more modern vessels do indeed have afinite life-span. That life-spanisa
function of time (dueto moisture) and load cycles (dueto sailing in waves).

Just where the limits lie in an offshore cruising context, no one really knows. That’s why if
you'rebuying an used vessel, you need to pay close attention to how the sistershipsthat have seen
some seamiles have done.
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ALUMINUM

Advances in aluminum alloys, welding techniques, and paint finishes have dramatically
changed the cost of using and maintaining this lightweight hull-construction material. The cost
of working with aluminum is similar to any other custom yacht-building material.

Aluminum offersahost of advantages over other custom yacht-building materials— all struc-
tural connections welded; low center of gravity for better sail-carrying ability; lighter displace-
ment for a given level of strength; virtually unlimited tankage built right into the hull; easy
attachment of brackets, engine beds, and stringers; simple installation of watertight bulkheads;
and ease of repair or modification. If used properly, aluminum isasuperior yacht-building mate-
ria.

Now if al you are talking about is keeping out seawater, a medium-tech cored fiberglass hull
will be lighter than aluminum. But the minute you start to think about reefs and containers, and
add inlots of tankage, our experienceisthat aluminum will bethelightest structure.

If you find yourself in the unhappy circumstance of being stranded on a reef, aluminum will
survive severe, prolonged pounding under the same conditionsin which afiberglassyacht would
bedestroyed, unlessit wasbuilt very heavily.

But to me, the ultimate advantage of aluminum is having an absolutely dry interior. With an
auminum deck, all fittings can be welded or blind-fastened to prevent any leaks. You will never
open alocker to find your gear damp and mildewed after ahard reach or beat.

In addition, aluminum isthe only boatbuilding material that affords the option of not painting
the exterior. This saves on initial costs, maintenance, and nerves — no need to worry about
scratching that fancy paint job!

And now | haveasurprisefor you. Thefinal advantage of building in aluminumisnoise. Done
correctly, an aluminum vessel will bequieter than afiberglassunder sail or power. We've seenthis
numerous times when going from one of our fiberglass to aluminum designs, where the noise
generation potential was constant.

Alloys

Aluminum hulls are constructed of a series of different alloys. These are blends of aluminum
with traces of manganese, magnesium, and silesium added to improve strength and handling
characteristics. For hull and deck plating, 5083 and 5086 alloys are used. They’re ductile, easily
welded, and extremely corrosion resistant. They have the further advantage of achieving their
strength without heat-treating, meaning that when wel ded they maintain most of their mechanical
properties. Of the two, 5083 is the stiffer, favored for decks and topsides, while 5086 conforms
more easily to compound curves on the underside of the hull. The 6061 alloy has silesium added
and is extruded in the form of structural T's or angles for use as stringers and frames. (It's aso
used for mastsand booms.) The major differenceisthat it isheat-treated to help itsstrength. Asa
result, after welding, the metal loses its temper and becomes weaker, although over a period of
time some of thetemper returns. It is somewhat | ess corrosion-resistant than 5000 series metals.

5000 series aloys are more corrosion-resistant than 6000 series alloys. While classifications
societiesallow the use of 6000 seriesthroughout the boat, practiceindicatesthat only 5000 series
should be used below the waterline.

5005-H34 | 5050-H34 | 5052-H34 | 5083-H321, | 5086-H34 | 5086-H116 | 6061-T6
H116, H117 H32
Principal aloying elements Mg05-1.1 | Mg1.1-1.8 | Mg2.2-2.8% | Mg4.0-4.9% |Mg3.5-4.5%| Mg3.5-4.5% | Mg0.8-1.2%
0.15-0.35 Mn0.40-1.0 | Mn0.20-0.7 | Mn0.20-0.7 | Si0.40-0.8
Resistance to seawater corrosion Good Excellent Excellent Good
PARENT METAL PROPERTIES
Min. ultimate tensile strength (psi) | 20,000 25,000 34,000 44,000 44,000 40,000 42,000
Minyield tensile strength (psi) 15,000 20,000 26,000 31,000 34,000 28,000 35,000
Typical shear strength (psi) 21,000 27,000 27,000 25,000 30,000
Minimimum elongation (%in 2") 5 5 7 12 6 8 10
Brinell hardness (500 KG, 10 MM) 68 82 82 75 95

The mechanical properties of aluminum vary with the blend of ingredients; how the material is
produced; and the heat-treating (if any) of the material in question. For plating, the most com-
monly used alloys are 5083 and 5086, in H-32 and H-34 condition. Masts, booms, angles, and
tubes are generally made from 6061 in aT-6 condition.
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WORKING WITH ALUMINUM

One of the keys
to a proper alu-
minum hull is the
quality of the
welding. With
modern equip-
ment, a dedi-
cated work force,
and the correct
environment
welding, good
quality is not diffi-
cult to achieve.

This photo was
taken in South
Africa.We've got-
ten good results
in Europe and
New Zealand
too. In fact, the
only country

Working with Aluminum

One reason aluminum has
enjoyed such asurgein popular-
ity around theworldisthat it can
be cut, ground, and routed with
the same basic tools used for
wood. The structural systems
used for framing hulls are simi-
lar, too. As aresult, yards with
experience in wooden boat-
building convert readily to alu-
minum.

For bending frames, stringers,
and plate, equipment can run
from home-made roll presses
and small hydraulic rams to
sophisticated
computer-controlled
multi-headed formers. Themain

‘r’]"g‘grg ";ergifg’%r differenceis capital investment
was the USA! and production time.
High-quality results can be
obtained with either approach.
Property
Tension Compression Shear Bearing
Product and
thickness range, Fruwb  Frywe Feywd Fsuw¢  Fsywl  Fbuwg Fhywh
Alloy and temper in. ksi ksi ksi ksi ksi ksi ksi
5052-H32, H34 All 25 13 13 16 7.5 50 19
5083-H111 Extrusions 39 21 20 23 12 78 32
-H321 Sheet & plate, 40 24 24 24 14 80 36
0.188-1.500
-H321 Plate, 39 23 23 24 13 78 34
1.501-3.000
-H323, H343 Sheet 40 24 24 24 14 80 36
5086-H111 Extrusions 35 18 17 21 10 70 28
-HI12 Plate, 35 17 17 21 9.5 70 28
0.250-0.499
-HI112 Plate, 35 16 16 21 9 70 28
0.500-1.000
-H112 Plate, 35 14 14 21 8 70 28
1.001-2.000
-HI116, H32, H34 Sheet & plate 35 19 19 21 11 70 28
5454-H111 Extrusions 31 16 15 19 9.5 62 24
-H112 Extrusions 31 12 12 19 7 62 24
-H32, H34 Sheet & plate 31 16 16 19 9.5 62 24
5456-H116, H321 Sheet & plate, 42 26 24 25 15 84 38
0.188-1.500
-HI116, H321 Plate, 41 24 23 25 14 82 36
1.501-3.000
-H323, H343 Sheet 42 26 26 25 15 84 38
6001-T6, T6511 All 24 20 20 15 12 50 30
-T6, T651i Over 0.375 24 15 15 15 9 50 30

The mechanical properties of most concern are those left after welding. Alloys
with a high degree of heat-treating, such as the 6061 alloys, lose a significantly por-
tion of their mechanical capabilities when welded, as the welding draws the heat-
treating out. For small parts like spreaders and gooseneck fittings, which are done
in 6000 series materials, these properties can be brought back by heat treating the
parts after they have been welded.
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WELDING 589

Welding

Proper welding is obviously akey factor in getting a strong, quality hull. Thewelding process
ispretty straightforward today, aswire-feed “ pulsearc” guns do agood job very quickly.

The welds are pretty uniform and, subject to certain caveats, are normally done without diffi-
culty.

When you weld aluminum, the welded areas must be clean and free of any form of outside
material. Weld areas are prepared by grinding them. The weld process takes place in an inert
atmosphere of argon, or argon and helium gas, which the welding gun sprays over theweld area.

If thegasisdisturbed, perhapsby agust of wind, theweld will be porousand of low quality due
to contamination by surrounding atmosphere. This makes welding outside difficult and means
that on hot, windy summer days the shop doors must be kept closed.

Weld quality can be checked with visual inspection and X-rays.

Whenaweldisground back, if it isporousbecause of contamination, thiswill bereadily appar-
ent.

In this day of computer design
itis rare to see a builder who still
uses (or knows how to use) a
conventional loft for boat build-
ing. Scott Carr, a Kiwi builder, is
holding (above) the layout
model for an 80-foot (24.6m)
design of ours.The model is used
to define hull plates and deter-
mine quantities of materials.

Scotty and Kelly Archer (Kelly is running this
project for us) are working on the full scale loft
(above) to determine the exact position of the
stern tube through which the propeller shaft
runs.This is very difficult to do on the computer
with any degree of accuracy. There are literally
hundreds of these details, which is why some
builders still prefer to loft boats in the traditional
manner.

One of Scott's builders is bending a soft piece
of aluminum (left) to the shape of the frame,
picked up from the lofting. This template will
then be used to compare to the frame as it is
run through the bending machine.
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590 FRAMING

Framing
Therearesevera waystoframean aluminum hull. Thefinal choicedependsuponwhat theyard

and designer are familiar with, and the type of servicetheyacht islikely to see. One approach is
transverseframing. Lightweight framesare placed every 12 to 18inches (300 to 450 mm). String-
ers, usually made of flat bar, are placed longitudinally (fore-and-aft) on about 12-inch (300mm)
centers. With this close spacing of both frames and stringers, the hull plating can be very thin:
1/8-inchto 1/4-inch (3to 6 mm) ontopsidesand bottom. Overall, atransversely framed yacht will
be 5 percent lighter than other systems, soitisfavored for racing boats.

Most frame-bending
equipment is surprisingly
simple, typically put together
by the builder himself. It usu-
ally consists of a hydraulic
ram and some easily adjust-
able jigs.

T-bars are the most effi-
cient to bend. With a bal-
anced shape, they tend to
stay flat as they take on their
curve. Angles can also be
used, albeit with a bit more
care from the workers oper-
ating the bending equip-
ment.

As frames are
bent, they are
compared to
templates of
the hull shape.
This may be
computer-pro-
duced paper
drawings glued
to plywood, or
a traditional set
of lofted lines
as shown here.

Linda stands in front of the beginning
of one of our boats. These frames will
form the bow section, back to about 20
feet (6 m).

Sundeer was framed at roughly 39
inches (1 m) on center.

Note the conduit running under the
deck longitudinals.This will later be bur-
ied in foam insulation.

oC
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Longitudinal framing offers some advantagesfor cruisers. Inthissystem the framesare spaced
farther apart, perhaps 3 to 6 feet (0.45 m to 0.9 m) on center. The stringers are made from angles
or T's, and both frames and stringers are substantially stiffer than the transverse framing system.
Asthe spacing iswider, the hull plating must be heavier, although the increased weight is offset
somewhat by fewer frames. The combination of fewer weldsto frames and thicker plates means
the hull is smoother. Less fairing compound will be required, and the increased plate thickness
counteracts puncturesin acollision or severe grounding.

We've used both types of systems. Many of our earlier boats, like Intermezzo |1 and Deerfoot
I1, were done with widely spaced frames and heavy longitudinals. Sundeer was somewhere in
between, and Beowul f was done with closely spaced frames.

Thereislittleif any cost difference between the systems. Any varianceistypically theresult of
what agiven yard isused to working with, rather than an inherent advantage oneway or the other.

Most builders start framing with the hull upside-down. After plating is com-
pleted, the hull is rolled right-side-up. (bottom left).

However, you can start with the frames right-side-up (above) and plate
right-side-up. Either system can be efficient, as long as the builder has been
trained in that approach.

Corner connec-
tions between deck
beams and hull
frames can be made
in a number of ways.
Sometimes they are
simply butted
together.

The next step is to
add a triangular gus-
set to reinforce the
corner.

What you see here
(right), on one of our
74s built in Denmark,
is the ultimate sys-
tem.What a shame it
is to bury this beauti-
ful work behind foam
and hull liner panels.
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Plates over 1/8 inch (3 mm) in thickness are How plates are cut depends on the hull shape,

usually run through a roller of some sort to what is available in plate sizes, and the tech-
stretch the metal into the curve of the hull The niques the builder likes to use.These photos of
more pre-forming of this type that is done, the one of our boats being built in Europe shows
less stress there will be in the finished hull. relatively small plates. In the aft sections, with

less radius, the plates will be larger.

The most dif-
ficult area to
form is the bow
with its very
tight radii. The
closer the bow
is to a cone
shape or a con-
stant radius
(where a pipe
can be used for
the leading
edge), the eas-
ier it will be to
form,

We've fre-
quently had our
bows formed
by outside ven-
dors with large
presses.

There are all sorts of ways of getting plating
to conform to the hull shape.Where moder-
ate curves are involved you can use a tempo-
rarily welded C shape to the plate, and then
drive a wedge between it and a local frame.
This pulls the plate in and holds it until it is
tacked welded in place, after which the C
shape is removed and used elsewhere.

Platin

Metalg-hull plating is a great mystery. Every builder we've worked with has a different
approach. Someliketo build their frames right-side-up and then plate from the bottom up, while
othersswear theonly way towork isto start with the hull upside down. Somebuildersprefablarge
sectionsof hull and then assemble them, while others prefer to stand all frames up and then begin
the plating process.

On long, shallow-bottomed hullslike wetend to design, the plating is a pretty straightforward
affair for most of the hull. Plates can frequently be laid down, tacked in place, and then forced to
conform with cable winches and wedges. In theturn of the bilge and bow sections, moreforming
with ahydraulic press of some sort will berequired.

Hull shapeswith some curve are easier to get fair than thosewhich are quiteflat. Thereisacer-
tain amount of distortion that takes place from the heat of the welding, and thisis better held in
check and visually hidden with curved surfaces.




ENGINEERING

Engineering

Two advantages of working with alu-
minum are the ease of predicting weight
and the ease of engineering for stress’
Since the properties of the material are
known and constant, and since welds
have predetermined values, the designer
doesn’'t havetorely onintuition or “feel”
as much as when working with plastics.
In the area of the chainplates, for exam-
ple, it's easy to insert thicker plating for
distributing stress. If you're concerned
with noise and vibration in the engine
room, the plating can be thickened there,
too. Weight calculationissimply amatter
of determining surface area and plate
thickness. A large collection of engineer-
ing datais available to the designer from
the Aluminum Association and major
suppliers such as Alcoa and Kaiser. The
American Bureau of Shipping alsoissues
standards for aluminum-yacht construc-
tion.

Quality Control

One of the questionsthat always arises
isquality control. Thefirst concernisthat
you have received the proper material.
It'sstandard for the alloy and batch num-
ber to be stamped on each plate or extru-
sion, but you can go astep further and ask
for mill certification of materials. A
chemical analysisis then done on each
batch to be surethe alloy is correct. Next
isthewelding. M ost classification societ-
ies require a series of specimen welds
from each person working on the boat,
and these are tested for failure.

Asindicated previoudly, it'scustomary
to request X-rays of a representative
number of welds. | like to have them
taken of highly stressed areas such as
chainplates, keel-to-hull joint, and prop
struts, along with a few hull-plating
welds. The X-rays will show internal
quality, although with thewelding equip-
ment and alloys available today, prob-
lemsarerare.

One of the most difficult things to engineer for is
impact load in a collision. Our tendency is to go
overboard and make the bow bulletproof. In this
case (above) there is a centerline girder of 3/8-inch
(9.6mm) plate, backed by a heavy flange which is
designed to take the initial impact. Note the very
close spacing of the longitudinal stringers in this area.

| -

If you have an aluminum boat, check with your
local welding supply house for a portable welder.
A number of wirefeed units that will run on bat-
tery power are on the market.

Thisisacritical step, not to be missed. | have only once not insisted on this process— with a
builder in whom | had alot of trust —and that turned out to be a very costly mistake. Midway
through the project hisinterests shifted to other things, and quality went to hell. Wedidn't find out
until wewere sea-trialing the boat that many of the weldswere porous. In the end, we spent more
than athird of the original hull contract repairing the problem!

The sequence of welding iscritical in maintaining afair hull shape. One approach isto tempo-
rarily tack-weld the plating and, after the entire hull is assembled, weld up the seams. Another
method used with longitudinally framed yachtsisto weld plates asthey are applied. With the cor-
rect application and welding pattern, thisresultsin smoother plate intersections.

ext Chapter




INTEGRAL TANKS

Akey to easy fuel-filling is to have large fill pipes
that run to the bottom of the tank (top two pho-
tos). We typically specify 2-inch (50mm) fills on
our larger boats. These project through the for-
ward watertight bulkhead. Thus all of the visible
fuel plumbing is in the forepeak, where it does
not interfere with interior furniture.

Sometimes there isn't room to get plumbing
from under the shower soles to a pump. In this
case (above) you can weld in a drain through
the tank top. This process must be started
before the tank tops have been welded down.

There are two approaches to integral tanks.
One is to have the top plates welded to the
structural floor (left). This reduces volume (the
tank top is below sole level), and requires a sec-
ondary support grid for the cabin soles.

Our preference is to bring the tank tops right
up to the top of the structural floors, increasing
capacity. The sole is then laid directly on top of
the tanks so no support is required.

Integral Tanks

One of the major advantages of metal boatsin general isthe ability to weld tanksintegral with
thehull wherethehull formsthe outer skin of thetank. This providestremendousvolumesof lig-
uidlow inthehull, aswell asthe security of adouble bottomin case of aholing, and abasefor the
cabin soles.

Many builders leave tank tops down a couple of inches (50 mm) from the finished sole height
to allow for astringer system to support the soles. My preferenceisto bring the tanksright up to
the underside of the soles, then epoxy insulation onto the tanks tops and epoxy the solesto the
insulation. This removes an air space that can accumulate dirt or moisture and maximizes tank
capacity.

There is sometimes a debate about tank clean-outs or access. Our practiceisto have asingle
clean-out at the low spot for each fuel tank. Our reasoning isthat if another access point is ever
required, itiseasy enough to cut onein when required, and in theinterim you don’t haveto worry
about leaks.

Clean-outs should have tapped plates blind-welded for fastening down the clean-outs, so that
no fuel ever getsto the threads of abolt. If for some reason this has not happened then the bolts
must be of thetypethat are designed with anindent under their headsfor adiesel -resistant O-ring.
If no O-ring isused and diesel getsto the bolt threads, regardless of anything you do, the diesel
will leak out along the threads.
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Chainplates

There are many ways to make chainplate attachments. The key issue, design-wise, isto avoid
creating ahard spot onthe hull, and to be sure of ahigh enough factor of safety so that intheevent
of acollision in the chainplate area, there is agood chance some integrity will beleft to takerig
|oads.

If your rig has inboard shrouds, then you will Above: Another way to deal with chain-
need a way to get the load into the hull.In this plates. In this case a thick plate has been
photo (above) a heavy piece of plate is welded to three frames. The frames in turn
welded between three floors. These floors spread the load to the hull plate.

also form the support for the mast step.

This detail of the mizzen chainplates on
Beowulf shows attachment T-points for the
cap and intermediate shrouds, as well as the
lower (the diagonal chainplate to the left)
and the main mast runner (above).

If you have a wide staying base, with
chainplates on the hull, the connection
to the skin plating is quite simple.

In the above photo there is a frame
onto which the mast is stepped (left
side of photo), and then the chainplate

is slightly aft allowing for a bit of - i
spreader sweep. , , This is a headstay tang (above), with
The hull plate has been thickened in allowance for a tack shackle on the aft side

this area to spread the chainplate load. of the chainplate.
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The Mast Step
Mast steps need to be engineered so that wiring can be brought through the bottom to asuitable
location, and so that any water draining down the mast will have aclear path to the bilge.

We typically make our mast steps in the form of a giant beam (upper left), running forward and spread-
ing the compression load of the mast over a number of floors.This beam is usually formed by:a thick top
plate onto which the mast step is bolted or welded:; a thickened chunk of hull plate below;and a shear
web formed by the centerline girder of the hull. One of the things we've learned is to make allowance
for the mast to drain into the keel sump, as is shown in the upper right photo.To be sure of a good seal,
we usually set the mast heel onto a medium-density rubber into which a drain hole has been cut.

Keel Construction

Thebigdecisionwiththekeel isinsideor outside ballast. Wenormally createalargealuminum
tank into which thelead is poured. Thishasthe advantage of eliminating keel boltsand the main-
tenanceassociated therewith. It allowsyou to use purelead, that i sabout three percent more dense
than lead with has been alloyed with antimony (which you will needif thelead is outside).

Thenegativeisthat lead and aluminum, in the presence of water, do not get along. So you need
to be surethat the keel iswell sealed.

Scantlings obviously vary with keel weight and shape, but our keel sides usually run from 1/4
inch to 3/8 inch (6 mm to 9.6 mm) in thickness, with keel bottoms usually around 1/2-inch
(12.6mm) thick.

The other approach is to use a conventionally cast keel and keelbolts. The lead-to-aluminum
interface must beisolated in this case. External lead will absorb someimpact on agrounding.

Drainage in the keel sump should be
enhanced with a sloped bottom (top of the

The keel structural system is a lead) and a pick-up sump as shown above.
function of keel shape. With a sim-
ple 0000 NACA foil, it can be
formed with vertical floors, around
which plate is wrapped.The bottom
plate (above) for this 67-foot (20.6
m) design is 1/2-inch (12.6mm)
thick. The shape shown is a 15-per-
cent NACA foil section.

The next photo (right) shows one
keel side tacked onto the floors.
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Where the keel shape
is more critical, ribs can
be cut on the bandsaw
and welded to notched
floors (right). The ribs
help to hold the shape in
tolerance.

Regardless of the shape
and how you achieve it,
there is always the issue
of welding the closing
plate. The first plate is
easy, as you have access
to the inside. But what
about the second plate?

The solution is to carefully mark
the plate in each area to be
welded. Then, cut out slots
where the welds occur. Tack-
weld the plate in position, and
fully weld the slots to the floors
and ribs.

As welding takes place, the
plate tends to change shape from
the heat and from the gap
between the plates tending to
close. Sometimes a hydraulic jack
is used to wedge things back into
the correct shape (right).

Sometimes height
restrictions make it
necessary to weld the
keel on in two sections:
first, the sump, which is
attached to the hull,
then, the bottom por-
tion, which contains
the lead.

Once the hull has
been moved, the two
sections are then
joined.
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RUDDER CONSTRUCTION

When possible, we like to have the
lead poured directly into the keel cav-
ity, as shown here (above and top
three right photos). Take care with
the height of the liquid lead (head
pressure), as excessive height in con-
junction with heat can cause the keel
side plates to bulge.

Wetting down the outside of the
keel cavity (right) helps to reduce
heat build-up. After the lead has
cooled, a covering plate is welded to
the top of the cavity. The keel cavity
should then be pressure-tested to
make sure it is watertight. It's impor-
tant to know that no liquid can mix in
with the lead and aluminum.

Rudder Construction
We've always used aluminum

rudders on solid aluminum shafts =

for our metal boats. They are
somewhat heavier than aglassrud-
der with a carbon-fiber stock.
However, there are no electrolysis
worries, and we know that if the
rudder starts to work on a coral
head, it is going to come out okay.
We have lots of real-world experi-
enceinthisl

We like to have the rudder stock
stop about one-third of the way up
fromthebottom sothat intheevent
of a really severe grounding, the
bottom of the rudder can be bent or
broken but the stock and the rest of
therudder isleft to steer with.

Metal rudders
are typically
formed like an
airplane wing (left
photo). A series
of ribs are
welded to the
rudder shaft,
which in this case
acts as a wing
spar.

With modern canoe bod-
ies you can sometimes do
away with a rudder packing
gland by simply extending
the height of the rudder
bearing housing, as shown
here (lower left). The flat
flange will accept a mating
flange that clamps around
the rudder shaft and pre-
vents the rudder from slip-
ping down.



RUDDER CONSTRUCTION

Top two photos:This rudder shaft and matching collar will later be welded
into the hull.The slot in the rudder shaft is at the bottom and will accept flat-

plate extension of the shaft, forming a structural spar to which the ribs and
plating of the rudder are eventually welded.

Right: We typically
stop the rudder shaft
about 2 feet (610 mm)
up from the bottom.
This allows the bottom
plate to absorb damage
without affecting the
integrity of the stock
itself. So if damage does
occur in a severe
grounding, you only
damage the bottom
plate, and you can still
control the boat with
what's left of the rudder.

You may want the rudder to have its own zinc. If
this is the case, it should be let into a recess, as shown
here (above), so that it is flush with the surface.
We've built rudders with and without.

The impact from groundings will hit the bottom of the leading edge of the rudder.There are two engi-
neering approaches. One is to make it bulletproof — but then you put the shaft at risk. The other is to make
it “frangible.” This means that the tip fails before the rest of the rudder. Curved leading edges like this
(above left) are frequently formed with pipe or a solid bit of rod.
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The propeller shaft
log is welded in place.
The prop-shaft stuff-
ing box is clamped to
the turned end
(above).

Prop-shaft support
brackets are best
brought up through

Engine mounts (above) are typ- the bottom some dis-
icall)g set on flargges ttzat hg/\f)e tance, so that the
been welded to girders running inner leg can be sup-
fore and aft. These girders fre- ported off surround-
quently block access beneath the ing floors. This
engine for repairs and cleanup. If reduces vibration and
access is restricted, we prefer to the chances of welds
keep the girder height low and tie cracking over time

the engine mounts to bases (right).
which have been welded to
athwartships floors.

Benches for pumps, bases for machinery,
and in this case a water heater (left), are all
easily welded in place with metal construc-
tion.This saves time over what is required
with a fiberglass vessel, and is easily modi-
fied if required in the future.

Engine Room Details

One of thejoysof ametal boat isthe ability to weld in al sorts of brackets, in the engine room
and elsewhere. It isfast, efficient weight-wise, and can be quite attractive.

We usually mock up everything in place with light-angle temporarily welded in place. Let all
the bitsand pieces sit for awhile, and then come back at it asecond time. With any engine-room
layout, utmost care needsto be given to how plumbing and wiring will run. Accessto eguipment
isalso critical — both for building efficiency and |ater maintenance by the owner.

Through-hull Plumbing

Over the years we've found that welding pipe stubs to the hull (with weldsinside and outside
of the hull plate) and then threading theinboard endsworkswell for through-hull fittings. Youwill
want to use avalve which isplastic in most cases. We've had good success with Forespar Marel -
lonvalves.

If you are careful with your plumbing plans, you can limit your through-hull fittings and the
valvesrequired. We normally useasingleincoming pipefor all seawater needs, along with stand-
pipesthat have been welded to the hull and that extend above thewaterlinefor all exhausts.
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Deck Hardware

With the exception of where the mast penetrates the deck, there should be no holes anywhere
over theliving areas. This prevents|eaks.

How do you fasten all your deck hardware? With tapped platesfitting the bottom of the gear in
question, and then welded to the deck. For example, think about an inboard genoa track. We'll
takeapieceof 3/8-inch (9.6mm) platethe samewidth asthe underside of thetrack, tap it to match
thetrack’sbolt pattern, and then weld it in place.

Lifeline stanchions are most often aluminum sockets welded to the deck surface for pushpits
and pul pits, or let through the deck and welded to aframe or gusset for stanchions. The aluminum
socket then hasanylon or PV C sleeve between it and the stainless-steel stanchion.

If you take thisapproach, list al your hardware and tie-down pointsin advance. Thenthey can
belaid out and welded when the coamings are finished.

Thisincludes allowance for dinghies, docking cleats, life rafts, staysails, jackstays, helm foot
racks, spray deflectorsfor hatches, awvning tie-down points, anchor storage, windlass drip strips,
handrail sockets, handrail bases, storm-cover tie-down pointsfor hatches, stowage for spinnaker
and jockey poles, special sports gear like outboards, windsurfers, and jet skis.

e

Here are a couple of views of a turning-block base
(upper left and right). The side plate has been light-
ened with cutouts.

These jib-track
- ¥ bases (left) are

¥ 3/8-inch (9.6mm)
_ ., plate that have
| been drilled and
| tapped to match
the mounting
-1 holes in the jib

. track. These plates
! have been welded
| to the top of the
deck in order to
prevent leakage
between the fas-
teners and the
interior.

The jib tracks
are set onto neo-
prene rubber gaskets to keep the fasteners sealed where they enter the threads of the tapped plate.

The mast area before the deck collar (which matches the spar shape) has been welded in place. The
bales on each side and aft are for attachment of blocks that will be used to direct halyards and reefing
lines to winches (far left photo).
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Hardware Isolation
Hardware with bases made from material s other than aluminum need to beisolated. Thistypi-

cally appliesto winches that have bronze bases. A layer of plastic will do the job. However, our
preferenceisto use amoderately hard rubber, typically with a Shore hardness of around 40, asit
tends to dampen sound transmission.

-
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Two views of a lifeline-stanchion socket (above and left)
— welded to the deck and to a frame below the deck. A
nylon insert isolates the stainless stanchion from the alumi-
num socket.

The aluminum toerail (above) is welded An interesting detail for attachment
onto a high toerail. It projects beyond the of turning block to the deck (above).
topsides a little and has a hard rubber extru- Note the shape of the U-bolt. The aft
sion placed over the edge to protect it and leg is angled to help restrain the entire
neighbors from the aluminum. structure against forward pull.

Deck Hatches
Therearetwo waysto go with deck hatches. Oneisto use extruded hatch frames and bolt them

down to the deck. Thismeansyou have apotential source of leaks and will need to form up aflat
base on which the hatch can be bedded.

The second approach, isto go with cast hatches, such asthose made by Atakins& Hoyleor

BOMAR. With cast hatches you can weld the bases directly to the coamings.

These hatches normally come with painted basesinto which holes have been drilled. We order
ourswith unpainted bases without holes so they are ready to weld down when we get them.



WINDOWS 603

The tricky part in this equation is pre-
welding the hatch base to the coaming.
This is usually best done in a jig, in advance
of welding it to the deck (right). Lots of
clamps are necessary, and a series of tack
welds are used to get everything aligned.

The heat buildup needs to be watched.
Excessive heat (or excessive weld bead)
will lead to warping.

The hatch and gasket will tolerate a cer-
tain amount of misalignment, but it is best
to keep the surfaces fair.

The ideal solution is to
weld hatch bases to
coamings (left). The hatch
base helps reinforce the
deck opening by forming
a beam with the coaming
as the web and deck and
hatch bases as the flanges.

This is also a waterproof
base that never needs
maintenance.

Windows

With widely spaced framing, windows are typically placed between every other frame. A
larger-than-normal angle is run longitudinally above and below the cutout to spread the load
between frames.

With closely spaced frames, it is sometimes necessary to cut aframeto get a proper-size win-
dow. Inthiscasethelongitudinal anglewill haveto carry theload from the cut frame out to those
frameson each side.

Left: Paul Oeland, one of Denmark’s master craftsmen, pre-
pares to weld in a window frame. Since this window does not
break any frames, the structural loads are easily dealt with.The
Lexan glazing will lie against the flat formed by the flat plate,
which he is about to weld into place. A detail shot of this land-
ing can be seen in the right photo.

When you break a beam (right photo), the top and especially
bottom longitudinal must carry the load from the cut frame to
those on each side. Because the load comes in at the end of the
sister frames, it is easily dealt with by the structure.
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MISCELLANEOUS DETAILS

There are two ways to mount windows, both of which have their advantages. If the windows are mounted
on the inside (as they are in these three photos), they are then inset from the topsides several inches (50 mm)

so that they are protected from pilings and vessels rafting along-

side. Being on the inside, they can be maintained at sea — for

example, you can adjust the bolts, or even replace a window
from the interior.

On the other hand, this is inefficient structurally, as the
water load is trying to separate the window from the hull.
When the window is mounted on the outside, water pressure

tries to push the window against its gasket. Another negative |

comes with heel,if your windows are close to sea level at nor-

mal heeled angles.Waves running in and out of the windows |

can be quite noisy,and drag is high.

We've used both systems. Where window drag is not a "y

problem we prefer to mount them on the interior.

Miscellaneous Details

One of the pleasures of building ametal boat, especially when working with areal craftsman,
istheingenuity that can befound to solvevariousdesign problems. Following areaseriesof inter-

esting detailswhich we've used over the years.

Getting ventilation into
the pilothouse is always dif-
ficult. We frequently specify
a conical shaped fairing to
be welded to the coaming,
onto which a vent cowl is
attached.

When anchored head-to-
wind, these work quite well,
as do those on the wind-
ward side when sailing.

Sometimes it is neces-
sary to cut a hole through
structure for plumbing or
wiring. A simple way to
keep the structure intact is
to weld into the hole a
piece of heavy walled pipe.
Another (not shown) is to
weld a doubler plate.
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MISCELLANEOUS DETAILS

A metal boat provides all sorts of opportunities to get creative with bow roller assem-
blies.In both of these, the center divider also provides an attachment point for the headstay
(or bottom of the roller-furler drum). If roller-furler drums are close to the anchor,look at
the pivoting action of the anchor to see if it will clear the drum when winched home.
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Not all our ideas work
out so well. These two
shots show a well welded
into the transom (lower
left corner) which was to
be used for life-raft stow-
age — low, out of the way,
and easy to launch.The
problem came in the occa-
sional wetting the transom
would get in sloppy condi-
tions. Life rafts are not
designed for immersion
when stored.We had ours
serviced after 18 months,
and it was a mess inside
from water damage. We
welded the door shut and
used the space for engine-
room storage. Thereafter
the raft was stored on
deck.

Another mistake was the
oblong exhaust through
the transom. This looks
good and works well in
smooth water. But when
motoring in a chop, it dips
into and out of the waves,
making annoying changes
in exhaust noise. We
eventually welded this shut
and raised the exhaust
pipe so that it was always
clear of the sea.

=y ,
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MISCELLANEOUS DETAILS

. could be stowed in a self-

Here’s an idea that
worked really well!
Rather than use roller
furling on Sundeer, we
developed a system in §
which our hanked-on jib

draining locker below #
deck. Bottom and aft
bulkheads were welded &
into place. A removable §
forward bulkhead bolted !
against a gasket, and
hinged doors closed to
protect the jib from sun
and sea.

When the time came
to hoist, we simply
opened the deck doors,
attached the halyard,and
hoisted away. Putting the sail away, we did a rough flake against the
headstay, then rolled it down the deck until it dropped into the stor-
age area.

This was not as fast as roller furling, but consider the advantages:
No extra weight aloft when sailing or when the sail is stowed, easy
changing of headsails due to jib hanks — whenever we changed
down in size, the big jib remained stowed, and the smaller jib was sim-
ply hanked on deck. Finally, the sail could be cut low on the foot; with
a batten in the head, it was much more efficient.
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Spraying polyeurethane foam is the
most efficient way to insulate a metal
hull. Usually you spray an inch (25 mm)
or so. For the most part, it requires lit-
tle clean up.

On this project, the foam was
sprayed to a thickness of 3 inches (75
mm), which is just about even with the
depth of the frames.

The guys in the yard then had to trim
off the excess, so that furniture, hull,
and headliner panels would fit well.

Once the skin of the foam has been
broken by cut-
ting or sanding,
it must be
sealed to pre-
vent moisture
absorption.

In this case,
the entire foam
surface was
sealed with a
water-based,
fire-retardant
paint.

Hull Insulation

There are various theories about insulating aluminum hulls. Although we've tried avariety of
systems, we usually come back to sprayed pol eurethane foams. These are easy to apply, modest
in cost, and do agood job as both thermal and sound insulation.

There's adebate about whether or not the hull should be primed before foaming. I've listened
to argument on both ends of this, and it seems to come down to the kind of chemical blowing-
agent that isused in the foam. If it reacts with auminum, you'll need abarrier coating, typically
astrontium chromate-type of paint. If the blowing agent isinert, abarrier coating isnot required.

Foam quality varies. Be sureto get the best-quality, most-stable material possible. All foams
absorb moisture with time, and this adds considerably to their weight. You can reduce this ten-
dency by making sure the foam is sealed — either with the natural skin that forms during the
spraying process, or with apaint film applied wherever the foam has been cut or abraded. Foams
should be self-extinguishing once a source of flame has been removed.

Anodizing

It often makes sense to hard-anodize any aluminum structure subject to corrosion, such as
plumbing fittings and chainplates. If you take this approach, be surethisisahard-anodizing of at
|east 15 micronsin thickness. The anodizing is ground off where these bits have to be wel ded.

Electrolysis

The one negative to owning an aluminum yacht isthe potential problem of galvanic corrosion.
The best way around thisisto build, paint, and wire your yacht properly. Thiswill be discussed
in moredetail in the electrical chapters.

Most serious corrosion problems originate in the DC electrical system. To minimizethisrisk,
the DC electrical system iskept isolated from the hull. Each piece of DC gear isalso isolated in
caseleakage occursbetweenit and the hull. Thisisknown asa*“floating ground.” Asan example,
pumps are often bolted to fiberglass bases, which arein turn fastened to the hull.

All wiring should be protected from abrasion with the hull.

Last, the hull should be protected with sacrificial anodes. These are made from zinc and, inthe
presence of galvanic corrosion, will break down before the hull is attacked. On most cruising
yachtsthese are attached on the hull, keel, and rudder, aswell asinside sumps.

The hull zincs can be welded to the hull or attached at various points around the hull perimeter
with wiresto thetoerail. Inthelatter case, they are pulled up when you are under way.
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If the electrical system is dealt with correctly, and if
you have sacrificial zincs, electrolysis will not be a prob-
lem. But you do need to take care.The aluminum mast
(upper left) was sitting on a steel base in a damp bilge.
The aluminum was gradually eaten away, as you can
plainly see. Had the two materials been isolated from
each other, this would not have happened.

There are three approaches to hull zincs. The first
two involve welding zincs to the hull, either proud
(above right) or flush (lower right). Periodically brush
the zincs to keep their active surface clean, and never
paint them. Of the two approaches, the totally
exposed is the best, as it has more surface area in con-
tact with the water and is easily cleaned on the
exposed sides. However, a series of these will increase
drag.

On some of our boats we hang the zincs over the
side when at anchor or in port. This way they are easy
to change, clean, and generally keep an eye on. How-
ever, this does not provide protection at sea.\We keep
azinc in each wet sump to help out when the on-deck
zincs are stowed.

Noise

You've probably heard stories about noisy aluminum yachts. Thisistrue for stripped-out rac-
ers, but onceyou add an interior, insulation, hull and headliner panels, and bulkheads, aluminum
isdefinitely quieter than fiberglass, with its hard surfaces bouncing noise around.

Fasteners

Fasteners are always a problem with aluminum. They are typically made of stainless steel —
and stainless and aluminum don’t get along well. Fasteners should be avoided whenever possi-
ble. It ispossibleto make attachments based on wel ding, which eliminatesthe need for the stain-
lessboltinthefirst place.

Whilethiswon’t work for winchesor jammers; it can often work with cleatswhereyou can use
auminum cleats and weld them down, with pad eyes, and other tie-down spots.

When the time comes to use a stainless-steel fastener, if the aluminum is unpainted, asimple
barrier coat like Alumalastic or NeverSeize works quite well at avoiding corrosion. However, on
a painted finish, corrosion will eventually start at the bolt threads and spread under the paint,
regardless of what coatsthe bolt!

There are two ways around this. The first, which is partially effective, isto have the stainless-
steel bolts coated with avery hard finish called Sermatech. There are licensees of the Sermatech
company around the U.S. The coating keeps most of the stainless isolated from the aluminum.
However, this method is not fool proof and will eventually break down.

The better approach isto use an oversized hole for the fastener, then sleeve the hole so that a
plastic sleeveis placed around the bolt, between it and the aluminum paint finish.

!Chapter |
!Chapter |
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Note that the paint finish must go all the way into the hole so there are no edges to the paint
system. This means deck hardware should be positioned and fastening holes should be drilled
before painting starts.

Sometimesthereislightly loaded gear which needs attachment and that you forget about or is
impossible to position before the boat is launched. If loads are low enough, you can purchase
nylon boltsthat work well for eyestrapsand related hardware. For slightly higher loads, high-tech
aircraft bolts made from epoxy laminates are al so available.

Painting

For finishing thehull, thereare several highly successful, |ow-maintenance systemson themar-
ket. Aswithany paintjob, thekey ispreparation. Exterior surfacesof thehull areground or sand-
blasted to removeany impuritiesand to provideamechanical “tooth” for theundercoats. Thenthe
hull iswashed with Alumiprep 33, achemical that removes oxidation. The Alumaprep is hosed
off with fresh water before drying, and immediately asecond chemical, Alodine 1200, isapplied.
Thisis an acid which temporarily protects the aluminum skin and makes it receptive to under-
coats. A high-solidsepoxy undercoat is subsequently applied. Thisformsthe basefor holding the
rest of the paint system to the aluminum skin. From here on, the finishing processisthe same as
with any other customyacht. Microballoon-filled epoxy resinisused for fairing thehull, followed
by high-solids epoxy primer. When the hull is smoothed to the desired quality, alinear poleure-
thanetop coat is applied.

Painting aluminum is covered more thoroughly in succeeding chapters on paint systems.

Paint Protection

Properly applied paint films protect the surface to which they are applied from the electrolytic
corrosion process as long asthey areimpermeable (i.e., moisture proof). However, if the surface
becomes porous and allows moisture to enter between it and the metal underneath, the situation
ismuch worse. Thereis an electrolytic potential while the paint film keeps the healing oxygen-
rich atmosphere at bay. This can lead to consequences far more serious than if no paint film had
been applied.

Paint companies frequently use zinc or other less noble metals in their undercoats so that if
there isfailure of the paint film, the zinc is what is eaten away rather than the structural metal
undernesath.

Going Bare

Bare aluminum (above the waterline) is an aternative that has been popular anong workboats
for some time and that is now starting to gather favor with yachtsmen. With paint accents for
waterlinesand covestriping, it can bequiteattractive, whilesaving cost and maintenance. Marine
aloysturn aflat gray after prolonged exposureto salt. They form asmall amount of oxidation,
then maintain this appearance. Of course, they can be periodically buffed or polished to restore
luster.

Whenwe put Sundeer into thewater wethought we'd try her barefor ayear or two. Thereason-
ing waswe could always come back and paint later on. At first we had adifficult time adjusting to
the“workboat” look. But within afew weeksthe subtle, non-flashy appearance began to grow on
us. After we'd cruised for a few weeks, and docked in some very tight spots without worrying
about afancy paint job, we were absolutely ecstatic!

Astimewent on, we grew to love the bare appearance more and more. If people anchored too
close, wedidn't care. If afriendly local came by in an outrigger canoe, we sat and talked rather
than running for fenders. The bare aluminum finish gave rise to amore laid-back, not to mention
inexpensive cruising lifestyle.

We now fedl that the ability to go bareis one of the major advantagesto aluminum!

Cost Comparisons

Thereisgenerally very littledifferenceinthe cost of acustom fiberglassor aluminum hull. Alu-
minumismoreexpensiveto paint, butitislesscostly toinstall engineroom gear and tankageand
to make structural connections like chainplates.

Thefinal cost differential depends more on the skillsand efficiency of the fiberglassand alumi-
num builders themselves than on the material.

Welding after Completion

Itisinvariably necessary to do some welding after the boat is partially (or sometimestotally)
completed. If a self-extinguishing insulating foam hasbeen used, you canweld over it, aslong as
acareful firewatch iskept below. However, weld areas should be moderate, and weld heat should
be aslow as possible. Rather than welding large areas at once, it is best to do asmall area, let it
cool, then return to do another small area.
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One thing you
can say about
steel —itlasts a
long time. This
is the skeleton
of a sailing ship
that went up on
the reef of
Takaroa, in the
Tuamotus in
1906. Seventy
years later it
was still there!

One practical prob-
lem with steel is the
fact that it is magnetic,
and therefore affects
the compass.

Compasses are thus
mounted as high as
possible and should
be heavily compen-
sated, as shown here
with two large iron
balls. The problem is
deviation changes
when you heel. One
way around this prob-
lem is to use a gyro-
compass which is not
affected by local mag-
netic influences.

STEEL

Steel is another good material for cruising boats — strong, easy to work with, and virtually
indestructible on areef. If you collide with alog or another small boat, there’s no question who
will come out second best. A steel boat over 40 feet (12.3 m) can be moderate displacement. The
negatives comein maintenance and resale. For somereason, steel boatsare not popularintheU.S.
It'spossibleto pick up agood steel boat for half the price of itsfiberglass counterpart.

Weight

Small steel boats typically weigh about 30 percent more in the hull and deck than comparable
designsbuilt in aluminum or fiberglass. Since much of thisweight isin thetopsides and deck, the
basic metal work hasahigher vertical center of gravity than with aluminum.

t Chapter
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To maintain an acceptable range
of positive stability, therefore, you
must either add lead in the keel,
increase draft, or some combination
thereof.

With displacement up for the
same range under power, you need a
larger engine, prop and prop shaft —
as well as more tankage and diesel
fuel — for the same amount of
range.

Finally, if you desire a certain
level of performance under sail, you
must increase rig height and sail
area. But this raises the center of
gravity, which callsfor moreked...

You probably get the idea that |
don't care for steel. Thisis not the
caseat all. | think properly built steel
cruising yachts have a lot to com-
mend them. However, they typically
end up costing the same as alumi-
num, draw morewater, and are more
costly to maintain, especialy if you
consider leaving an aluminum boat
bare.

Maintenance

Without question, steel presents
maintenance problems, especially
from a cosmetic standpoint. But
with modern paint systems, properly
applied, these are not insurmount-
able. The only way to ensure agood
finishistotakethe hull downto bare
metal, sandblast well, and build
back up with a quality epoxy-paint
system. The hull should be well
painted inside, too.

Flame Spray Coatings

Many commercial boats have
areas of deck or bilges which see
hard work flame-sprayed with either
auminum or zinc (the same as gal-
vanizing). In this process the metal
issandblasted. Then, arigthat looks
like a spray gun with a torch and
wire feed mechanism, creates afine
stream of molten metal, which is
sprayed ontothesteel. Thecoatingis
usually thicker than normal galva-
nizing. Commercial fisherman
swear by it — as opposed to swear-
ing at it, which they frequently do
with paint.

Construction details for steel are similar to aluminum
except that care should be taken to make sure no moisture
can accumulate that would eventually lead to hidden rust
pockets.

Also, specify extra metal thickness to allow for loss of
strength over time, as some metal is lost to rust.

For deck hardware, stainless is frequently welded to
underlying steel to prevent chafe on deck hardware from
eating through the protective paint scheme.
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Thisprocessisnot as abrasion-resistant as hot-dip gal vanizing, since surface preparation isnot
asgood. (Hot dip partsare taken through an acid bath before galvanizing.)

Asyou canimagine, the processisslow and expensive. When large surfacesareinvol ved, sand-
blasting must start and stop periodically so that anominal amount of time el apses between clean
metal and when the hot coating is sprayed.

Itis, however, the ultimatefinish for steel.

Insulation
Most steel boats are foamed on the inside to help protect the skin, prevent condensation, and

reduce noise.

Long-term Considerations
If you buy aused steel vessdl, call upon aqualified marine surveyor. Make sure he or she uses

€lectronic gauging equipment to verify plateintegrity.

The advantages of steel include built-in tankage, watertight bulkheads, and the ability to have
fittings wel ded to the decks (thus eliminating possible leaks).

From aconstruction standpoint, the same detailsthat work well with aluminum also work with
steel — except that you don’t have the galvanic corrosion problemswith stainless. This makesit
practical to weld stainless-steel handrails and deck fittings right to the mild steel hull — very
hel pful with maintenance.

TIMBER

Until Inter mezzo, we owned wooden boatsexclusively. Weloved thefeel of thewood, thesmell
of it, and the sense of communion with nature that it gave. But cruising is different from keeping
a boat stored in a marina and using it occasionally. It entails running aground and going for
months without hauling. With wood, there are lots of maintenance chores to perform beyond
problemswith the hull.

Older wooden boats are cheap to buy because they are maintenance headaches. If you want to
get alot of boat for the money, buy awoody. But it will be difficult to recover any fundsyou may
investinrigging her for cruising. Once underway, adisproportionate amount of timewill be spent
on hull maintenance. If you're good with your hands and enjoy working with wood, okay. But if
you need othersto help out, theinitial cost advantage of an older wooden boat will rapidly evap-
oratein shipyard bills. Wood al so has problemsin the tropics, between opening up from the heat
and being attacked from within by dry rot. When it comesto areef, thereislittle chance of rescue.
Whereasfiberglass and metal dlidereasonably well over coral, wood istoo soft to resist the abra-
sion.

Saturated Epoxy Technique
If you'restill entranced with the concept of awoody, there'soneform of constructionthatis, in

our opinion, superior to others — double diagonal planking, with an epoxy-saturation system,
such asMeade and Jan Gougeon’sWEST System. Hullsbuilt in thismanner arelight, strong, and
resistant to rot. Asaresult they’re easier on the maintenance bills.

DuraCore
DuraCore is a composite timber material made of balsa core with a thin veneer of timber on

each side— ineffect, awood sandwich structure. Thesystemwasdevel oped by Kiwi boatbuilder
Arnie Duckworth back in the 1980s and proved so successful that it was picked up by the Baltek
folks.

There are several advantages. For one, you can form the hull with alightweight series of ribs,
then “plank” over thisusing DuraCore. The DuraCore stripscomein avariety of widthsand are
locked together with amating edge detail. Epoxy adhesiveskeep the strips permanently bonded.

Oncethehull isassembled, interior fiberglassreinforcements are added asnecessary. The exte-
rior of the hull isthen faired — abig job — and fiberglassed.

The end structure can be quite strong, and is quick to build.
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FERROCEMENT

Lest youthink | havefinished listing my prejudices, let’sgo onto stone boats (ferrocement). Of
all the materials we've seen, it's the most unsuitable. Chosen by neophytes because of its sup-
posed ease of construction, it was at onetime considered the “ people’s’ material. A little experi-
ence has convinced most insurance underwriters not to touch concrete. That should tell you
something.

There aretwo major problemswith thismaterial. Thefirstisresale. You might save 10 percent
onthe overall cost of acement vessel compared to that of metal or fiberglass. But when it comes
to selling the boat, your materials and labor have been invested in something that doesn’t have a
ready market. Even if she's beautifully fair, a comparable boat in another material will bring a
much higher price. Second is those old reefs. Concrete does not have the impact resistance of
other materials, and when thereefsget at ferroconcrete hulls, the hullsgo so quickly it’sunbeliev-
able.

John Nichols and his beautiful Heart of Edna provide a good example. Heart of Edna was
meticulously crafted to extremely heavy scantlings. One late afternoon in the Louisidad Archi-
pelago in southern New Guinea, John wasfaced with ano-win situation. With alow sun angle, he
wasforced totry to find hisway into the lagoon. To stand offshore until the next day would have
been equally dangerousin those treacherous waters. He missed the pass, and Heart of Edna went
fast aground on the fringing reef. Unableto free her right away, they left her for the evening and
joined two other yachtsinside the lagoon. They returned at first light to try to pull her off on the
rising tide. They found three gaping holesin her bow section, and there hadn’t been much of asea
running during the evening. John's new boat isauminum.

Near Kieta, on Bougainville Island, alsoin New Guinea, lieswhat’s|eft of abeautiful, heavily
built ferrocement junk. Caught on alee shorein anorthwesterly blow with avery short fetch, she
wasdriven ashore. The beach was mainly sand with an occasional rock. The short fetch prevented
much of aseabuildup. Yet within hoursthe boat had started to disintegrate.

Everywhere one cruises, stories abound of ferro boats not standing up to groundings that even
awooden boat would have survived. What do you doif you already haveaferro boat? Be damned
careful!

TEAK DECKS

For acomposite-framed timber vessel, teak decks make alot of sense. They'reresistant to rot,
hard enoughtolast years, and more dimensionally stablethan decks made with other timbers. But
onametal or fiberglass yacht, teak is an aesthetic detail with no real practical function and alot
of negatives.

How can abeautiful teak deck have anything wrong with it? Easy. To start with, wetake anice,
watertight deck, and drill it full of hundreds of holes, each one of whichisapotential leak. Next,
we add alayer of dark timber to an otherwise light-colored deck, which meansin the sun it will
bevery hot. Of course, thisheat transfersitself below. Inthetropics, shoeshaveto bewornat mid-
day because the decks are so hot.

Then there are the maintenance aspects. Newly bleached and oiled teak islovely to gaze upon.
But within aweek, two weeks at the most, it will be grungy again.

But the worst aspect of teak isitsweight. A 1/2-inch-thick (12.6mm) teak deck on a 40-footer
(12.3m) can easily weigh over 700 pounds (317 kg) by the time bedding, seam compound, and
fastenersare added in. That weight, 5 or 6 feet (1.8 m) abovethe vertical center of gravity, hasa
substantial negative impact on sailing stability. Either you must add a ton of lead to the keel,
increasing draft in the process, or suffer additional heel and slower, less comfortable progressto
windward.

Still, for some, the aesthetic considerations will outweigh the practical. Goodness knows, I've
been guilty of making that trade-off myself in other areas. If that’'sthe case, hereareafew factors
to consider.

First and foremost isthethickness of the deck. Three-eighthsof aninch (9.6 mm) isan absolute
minimum, and will probably cause lots of problems after afew years. A better bet is 1/2-inch
(12.6 mm). Next, teak plugs over fasteners should be at least 3/16-inch (4.5 mm) thick.

Usethe very best adhesives, with the teak properly degreased before laying.

Stay away from teak-faced plywood. Ply under teak in adeck isjust asking for rot problems.
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It's surprising how fast grass will accumulate on a bootstripe that is too low. All it takes is a
little wave action, or gentle rocking to-and-fro, to keep the area above the antifouling wet
and let grass start growing. If you don't clean the grass off right away, it becomes progres-
sively more difficult to remove.When you're sailing, the drag from this grass is substantial.

PAINT

For most cruisers, the paint and varnish brush represent more maintenance time than any other
aspect of life aboard — and a considerable investment as well. However, there are afew things
we'velearned to reduce the efforts and make life aboard more efficient.

Bottom Paint

Most bottom paints are formulated for the marine organisms found in a specific area. A paint
systemthat workswell in col der waters may not be quite asefficient inthetropics, and viceversa.
Since most of ustry to stretch thetime between haul-outs, thismeansthat from the middletoward
the end of a bottom paint’s life we'll be spending time in the water cleaning the bottom. As a
result, the harder finishes are more desirable, as they can be cleaned with the least removal of
paint. With soft bottom paints, every timethe bottom is scrubbed, you take off alarge percentage
of what's|eft of the paint film.

Thebest systemswe've seen for cruising are the “ self-polishing” paints. Originally developed
for commercial shipswith tin-based biocides, these are now availablein avariety of copper-based
paints. The surface is continuously |eeched away as the boat moves through the water, exposing
fresh biocide at the surface.

Most of these paints are efficient with barnacles, but leave something to be desired with grass
and algae, especialy in colder waters. That’swhere diving comesin!

Some yearsago | read astory in Yachting World magazine about afellow who had used tetra-
cycline-treated bottom paint on his boat in the Med. It worked for him, so when we hauled Sun-
deer the next time | decided to give this stuff atry. The formula called for using 2.5 grams of
tetracycline powder per quart of bottom paint.

You mix the tetracycline in a small amount of paint or thinner first, then start into the entire
batch.

We have found that this substantially cuts down on grass growth. My dad tried the same thing
on hisboat with similar results.

Thebest placeto buy tetracyclineisat afarm-supply store, whereit issold for inclusionin ani-
mal feed. I’'mtoldthat it ispossiblein someareasto buy pure TBTF to add to your bottom paint.
Thiswould be the ultimate biocide.
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Boot Stripes

In calm marina waters, barely
anything above the floating
waterline is wet. But at anchor
there’'s always some wave
action, whichtendstokeep3to 6
inches (75 to 150 mm) above the
waterline damp. If thisareaisn’t
coated with antifouling paint,
there will be agrassline all the
way around the waterline,
requiring amonthly scrubbing.

To avoid this problem, we
aways bring our bottom paint 4
inches (100 mm) above the
waterlineamidshipsat full cruis-

Working with paint can be tricky. It requires good preparation,
cooperative weather, and quality materials. If any of a number of
things goes wrong, you end up with a costly, unappealing mess.

ing load, curving to 6 inches The blue boat (above) obviously has an adhesion problem
(150 mm) above at the bow and between undercoat and top coat. This could be due to surface
stern. contamination or to a bad batch of paint. When a problem like

Boot stripes, if you havethem,  this arises,make sure you know what went wrong before star ting

should be above this point. the repair job. You don’'t want to have the same pro_bler_n twice.
The paint problem below was caused by a combination of an

External Paint Systems aggressive dinghy (over time) and a damp day when the under-

The most important thing with coating was applied.
outside paint is using something
you know works. Stay away
from new “miracle” products. In
addition, stick to companies
with good reputations amongst
commercial yards. Thisdoesn’t
necessarily mean those that
advertisemost heavily. If agiven
product has been on the market
four or five years, showing good
resultsover that time period, one
can assume it is probably okay
— aslong asthe formulations don’t change.

Linear polyurethane (L PU) has proven remarkably durable, aslong asthe pre-L PU preparation
isright.

AVOIDING PAINT PROBLEMS

Over theyearswe' veseen all sortsof paint problems, mostly on other boats. We'vehad acouple
of minor problems on our boats, aswell as one major problem — but more on thislater.

We've learned that having a clear chain of responsibility, in writing, isthe only way to ensure
that ajob is done right. That way, if something does go wrong, you have a chance of getting it
fixed.

The painting processisfull of variablesand trapsfor the unwary. Aswe've already mentioned,
there can be weather-related problems, surface contamination, difficulties with compressed air
(oil- or moisture-entrained), and variationsin paint formulations.

Something as minor asusing thewrong typeof rag canruin apaint job. Tack rags, masking tape,
spraying equipment, thinners, not to mention the paint system itself must beright for thejob.

Choosing a Paint System
The first step in your paint job is to choose the paint supplier. This should be based on local
experience and representation. Talk to a number of painters and yards to see whom they recom-
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mend, and whom they say to stay
away from. On amajor job, be sure
~ that whomever is chosen to supply
. the paint has local technical repre-
sentatives.
| And never use a new system. Use
only systems with a proven track
~ record.

, The First Step

Thefirst stepinapaint job isto get
4 awritten paint specification from the
=% company. This specification will
detail surface preparation, types of
" paints for each coat, thickness of
paint, drying time (and probably tem-
perature range), and special instruc-
‘ = e tions such as types of thinners to be

When the first coat of a paint system is bad, everything that g,
happens afterwards is wasted. This photo shows a well-pre- Make sure you and your painter

pared surface with good tooth marks from the pre-paint ,
grinding. The problem seems to be with the undercoat, an understand the specs. Don't allow

Interlux (International Paint) wash primerThis paintjobiscur- ~ @nyoneto take shortcuts.
rently the subject of litigation. Inspection

problemswe hadwith mernationa Pt forwhich theypaig __\Wellketohaveaclauseinour pairt
a$175,000 settlement after a couple of déys of trial. However, contract.s calling for the paint com-
several years of time and frustration went into getting to that ~ P@ny 0 inspect and approve the sys-
point of recovery, not to mention horrendous legal costs. tem at various critical stages. This

actsasaquality control check for you

and the painter, and hel ps define aline of responsibility should alater failure occur.

I nspectionsnormally take place before thefirst undercoat isapplied, during the applications of
several subsequent coats, and usually prior to thefinal coat.

Paint companiesusually will not do thisfor small jobs. But if you have achoice between acom-
pany that will and onethat won’t, go with the guysthat will inspect the system.

Warranties

Thewritten warranty you get with your paint system from the paint supplier should becarefully
evaluated. If thereisaquality problem, do they repaint the boat for you, or do they simply supply
materials and expect you or the yard to pick up the labor bill? Aslabor istypically 80 percent or
more of thetotal cost, thisisasignificant issue!

Themost important factor in the warranty, however, isthe company behindit. All paint compa-
nies have problems from time to time. Some stand behind their product and will take care of
repainting. Otherstry to hide behind the fine print or simply take the approach of “ sue usand see
what you get,” knowing that the costs of the lawsuit outweigh any possible recovery.

Preparation

Preparation is the single most important factor in a good paint job. Everything else you do
depends on thisfoundation. Each step must be executed correctly — starting with the surface of
thebarehull, whether metal, raw fiberglass, or old gel coat. Thesurfacehastobedry, at the correct
temperature, 100-percent free of surface contaminants and/or corrosion, and must have a
mechanical tooth from sanding, grinding or sandblasting.

Thevery first coat isthe most critical inthe entire paint system. Thisiswhat bonds everything
which comes |ater to the hull. The most examples of paint failure occur between the first coating
and the bare hull.

If painting over an existing job, be certain that what lies under the new paint iswell adhered.
There are avariety of easy-to-run teststo determine adhesion.
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Fairin

Thefigr]lal visual quality of your paint jobisdetermined by thosefairing and intermediate under-
coatsthat occur beforethetop coat. The higher the glossand/or darker the color, the more imper-
fectionsthat will show up in your fairing job.

Whereagel coat surfacewith moderate glossmay |ook good, put ahigh-glossL PU finishontop
and it will suddenly look terrible. All sorts of waves, nicks, and pitsyou could not see beforewill
now be embarrassingly visible.

Final Coats

The top coat or coats seal whatever is underneath and provide the final finish. As indicated
before, the material of choicetoday is LPU. Formulations for brushing and rolling are available
that arerelatively easy to use and give awonderful final finish.

However, thebrushable L PUshavealong“tack time” to allow you towork themwith brushand
roller. This meansthey also have timeto accumulate dust and bugs once you' vefinished. Thus, a
calm day with minimal participation by winged crittersisamust.

Spray finishes go on faster and have a very short tack period, typically less than a minute, so
dust and bugs are not such abigissue. Overspray isanissue, so cover everything you don’t want
painted — including all your neighbors.

Handling Hazardous Materials

Most materialsin modern paint systems are hazardousto your health. When sanding, and espe-
cially when brushing or spraying, use good breathing protection. Charcoal filterswith new, active
charcoal are amust when fumes are about. If working in aclosed area, you may need afresh air—
supply mask.

A Job that Went Bad

Now | want to tell you a horror story — asituation where we did everything according to the
book, had aproblem, and had apaint company tell usto go fly akite when aproblem occurred.

This started in the early 1980s, when we were building alarge yacht in Denmark. We had used
U.S. Chemical’'s Awlgrip with success on previous aluminum yachts, but the folks at Interna-
tional Paint did asalesjob on usand we decided to givetheir system atry.

| spokewith their head technical chapinthemain officein New Jersey. Hesaid that yes, astheir
distributor had told us, they had an excellent system for painting aluminum yachts.

| asked him for a specification to be sure we got the correct material from the U.S. distributor.
Hein turn suggested we contact International Paint in Denmark where the yacht was to be built,
to buy the material directly from them. He indicated that we would save money doing this, and
that the formulations were the samein Denmark asinthe U.S.

So we instructed our builder in Denmark, Paul Oeland, to get a detailed spec from the local
International Paint people.

In due course, on one of my visits | met with the |P Denmark manager and discussed the job,
emphasizing that we wanted to use only atried-and-true system. He followed up with awritten
specification viatelex.

| then sent thistelex onto my contact at IPin New Jersey — the head technical man — to make
surethe Danes were specifying the correct materials.

TheU.S. folkssaid they could not understand the pai nt system numbersand asked for usto have
the Danesprovidethe U.S.-equivalent numbers. After aflurry of telexesback and forth, the Danes
replied with U.S. equivalentsand IPinthe United States said, yes, those were okay.

Aspart of our agreement, |P Denmark agreed to inspect the paint job at critical intervalsand to
give usawritten report that the job was satisfactory. We asked them for an approved subcontrac-
tor; they supplied uswith the name of acompany they said wasthe best intheir area, and familiar
with their products.

Thejob progressed uneventfully until oneday | got acall fromtheyard. They had been cutting
out a section in the coaming to install a ventilation grill, and a large section of undercoat had
popped off.
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618 AVOIDING PAINT PROBLEMS

They sent measampleand calledin International Paint. The samplethat | received showed that
the paint system had failed at the wash primer (thefirst coat) — at least, that’swhat it |ooked like
under my magnifying glass.

| was very concerned and told the yard to have | P come out to check. They came out, looked at
the broken paint area, and said it was caused by the vibration of the sabre saw that had been used
to do the cutting.

That did not make senseto me, and | expressed my concerns. Theyard told usthat the [P repre-
sentatives had given them aletter stating that the paint was okay and they could proceed.

| was very uneasy about thiswhole state of affairs, but assumed that International Paint knew
what they were doing, so we proceeded with thefinal coats and fitting out the yacht.

Severa months later we launched the boat and commenced with seatrials.

Prior to this vessel leaving Denmark for her voyage back to the U.S., alarge section of paint
lifted off at the swim platform.

Theword wegot wasthat it wasasmall contaminated areaand should not be afurther problem
onceit wasfixed.

Thiswasto bethefirst of many suchincidents. By thetimethe vessel reached Californiaafew
months|ater the paint had failed in numerous areas.

We natified International Paint in New Jersey, who referred usto their office in San Francisco.
Thelocal reps came down to look at the boat, took samples, and promised to get back to us.

At this point everything was very friendly, and | assumed that they would take care of what
looked like amajor problem.

Sincewe had their written approval s at each stage of thework by their approved subcontractor,
we couldn’t see wherewe had any exposure.

A few weeks later wereceived atelex from the International Paint in Denmark. They said they
had analyzed the paint specimensthat had been sent to them by 1P in San Francisco. Their labo-
ratory reports stated that the surface preparation was okay, the paint film thicknesswas okay, and
that in effect the paint job wasfine. In other words, the Danish subcontractor who they had rec-
ommended and supervised (in writing) had done hisjob correctly.

The problem, they stated in the telex, was that the paint system was no good. However, they
declined to make good on the paint job because, they said, they had advised usnot to usethissys-
tem. They went on to state that there had been problemswith thismaterial in the past, but that we
had insisted on it, so the problem was not theirs, but ours.

Now, | grew upinthe construction business, beforeturning to the more gentlemanly pursuits of
yachting and writing. Thefirst thing you learnin that business, if you want to survive, isto keep a
paper trail of responsibility with vendors and subcontractors. We went back into the files and
found the original specificationsfrom IPin Denmark, our telex back asking for the U.S. equiva
lent numbers, and their reply with that data, which we had forwarded to 1P in New Jersey.

Armedwiththisdata, | assumed that International Paint somewhere— it seemsthe homeoffice
wasin the United Kingdom — would make good on a paint job that we now knew had gone bad
dueto apoor material choice, which had been made by International Paint personnel inwriting.

Nothing could befurther fromreality. The U.S. officereferred usback to the Daneswho offered
only to replace materials, leaving uswith several hundred thousand dollarsin labor costs.

In the litigation that followed, we found International Paint (now called Cortaulds Coatings)
trying to hide behind Danish law, asthisdid not providefor our recovery of labor costs even after
they had admitted to the problemswith their materialsin writing.

We sued them in the United States, and after along preliminary processfinally got into acourt
room with ajudge.

It appeared to us that the main defense offered by the company was that we had dealt with a
Danish company and so should be governed by Danish law. If they prevailed onthisit meant start-
ing over with the hope of recovering only afraction of what thelegal costswould be, since Danish
law apparently only allowed for material recovery, not labor.

When thejudgeruled that thetrial could go forward, we began to hopethat our long fight might
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endinvictory. A day or two of preliminary proceedings took place. When we were about to get
into the serious part of thetrial, the International Paint attorneys approached us and asked to talk
settlement. In the end, they paid U.S.$175,000 — not our total damages, but about ten timesthe
value of what had originally been offered. Thiswas after a huge expenditure of effort and legal
feeson both our parts.

The moral of this story? Check out your paint supplier carefully, and make sure they stand
behind their products. Beware!

SPECIFICATIONS

Aswe said at the start of this paint section, having
the correct paint specification isthefirst key to agood
paint job. The question is, on whom do you rely? For
many years now Doug Templeton at Coatings Con-
sulting Group (CCG) in Newport Beach, California,
has been our paint guru. Doug acts both asaconsultant
and supplier and has seen just about every type of
problem you can imagine. He often consults on solv-
ing problems.

We asked Doug to share a sampl e specification with
us for the three typical marine situations: aluminum,
steel, and fiberglass. Each requires atotally different
approach to surface preparation and undercoat.

The specifications are quite detailed and you will
find them in the appendix at the end of this book.

AESTHETIC ISSUES

With so many design issue affecting aesthetics, you
could write a book on this subject alone. It's best to
start off with adesign goal, acertainlook you are after.
Remember, what you see on paper isnot what you will

seeon thewater. Asthedesignisblown up tofull size, The hull surrounding this doorway
the relationship between the viewer and the yacht has been properly prepared. However,
becomes very different from that which exists|ooking the doorway itself, where the rust is

showing through, was not sandblasted

before application of the undercoat.

Boot-Stripe Design (Doug Templeton photo)
Designersuseaseriesof visua tricksto enhancethe

appearance of their yachts. However, as we've already mentioned, what 1ooks good on paper
rarely worksinfull scale onthewater. Take boot stripes, for example. A dead-straight boot stripe,
parallel tothewater, will appear at someviewing anglesto behogged (i.e., humped) inthemiddie
and low at theends. For thisreason, boot stripesaretypically raised abit on each end in order to
look straight.

In addition, aswe've mentioned before, lifting the ends of the bottom paint helpsto keep grass
off the bow and stern. The thickness of the boot stripe, and the question of using a series of thin
linesor onethicker ling, isquiteinvolved. Thefurther up you bring your bottom paint and boot-
stripe — assuming both are dark in color — the more sleek your topsides will appear. In effect,
raising a dark line on the bottom reduces the visual bulk of light-colored topsides. Aslong as
thereisno pilot house or high coamingsto deal with, thisusually pays aesthetic benefits. Onthe
other hand, if thereisalot of structure sitting on top of the deck, you should emphasize the height
of thetopsides so asto have abalancing effect low for what isriding on top.

Complex striping schemes in the bootstripe may look great in the marina, but unfortunately,
they are difficult and costly to duplicate when cruising. Generally, cruising boot stripes are better
left asasingle stripe.

at adrawing pinned up on awall.
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620 AESTHETIC ISSUES

Boot stripes are commonly made thicker at the ends than the middle. Fifty to 75 percent
increaseisquite normal. At the stern, little of thiswill be noticeable, asthe boot stripe runsunder
the counter.

Finally, you might consider not having a bootstripe at al. If you bring the top of the bottom
paint to the topsides’ paint line, there will be no bootstripe to worry about cleaning. Thisis the
approach we take on our own yachts.

There are as many paint schemes as there are hull types. The first question to address is what
exactly you are trying to accomplish. Once there is a clear aesthetic objective, you can then work out
the approach to be taken.

In general, most yachts benefit more from a simple, strongly stated set of stripes than from a fancy
set of graphics.

These five examples are each a little different. “A” is a classic modern design, with moderately
sprung sheer and reverse transom. A medium-width cove stripe will accentuate the shear line, which
is an advantage.“B” is a classic shape, with lots of spring in the shear and long overhangs. Fancy cove
or boot stripes would detract from the simple, elegant lines. A thin cove stripe to lightly accentuate
the shear line is all that is called for. “C” and “D” are hulls with more visual height than might otherwise
be desired from an aesthetic standpoint.You can reduce the visual topside height by using a thick cove
stripe from the shear down a ways, as well as a thick boot stripe. In“E” (at the bottom) you have a
cove stripe that diverges from a flat shear to try to give it some visual shape.This is very tricky to get
right. The best approach is to experiment with paper and tape before picking up a paint brush.
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Cove Stripes

Covestripes, typically athinlinejust below the sheer line, are an efficient way of enhancing the
appearanceof the sheer, especially if your deck edgeisnot capped with someform of rail (usually
teak) of adifferent color than the topsides.

Hull Stripes
Hull stripes are an efficient method of reducing topsides bulk. The samerulesapply aswith big
boot stripes— it makes senseif you have little deck structureto balance.

ﬂ" m“ — -~

With very little structure on top, Deerfoot (above) could easily get away with a large hull stripe.
The stripe is parallel to the sheer until midships; from there forward it diverges slightly to empha-
size the spring in the sheer, which in reality is very flat.

Here is an example of what not to do on one of our own designs (above). This motorsailer
has lots of structure above the shear line.To offset that bulk she needs plenty of topsides height.

The complex striping scheme on its own looks great, but it also makes the pilot house look
larger, which in my opinion is a big hit.

An interesting graphic (right)
on the topsides of another one
of our boats. This owner devel-
oped the design on his Apple
Macintosh computer.

It was very, very difficult to
transpose from the small screen
to the real world.
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Topside stripes are generally quite thick and typically look better if made up from a series of
smaller stripes, generally closein color.

Deck Structure

Pilothouses are wonderful to livein, but usually ugly in the extreme when viewed from a din-
ghy. In fact, any sort of structure abovethe shear lineis generally ugly. The real design question
ishow to mitigate the effect.

Thereareseveral rulesthat work just about all thetime. First, reducethe bulk of the deck struc-
ture and enhance the base onto which it sits (i.e., make the hull look bigger). The easiest way to
do thisiswith color. The deck structure and/or pilot house should be darker than the topsides.

When we paint our motor-sailors, we typically specify the house to be several shades darker
than the coamings, which arein turn somewhat darker than the topsides.

Thereisalimitimposed by climate. Dark colorsget hot in the sun, sowe are usually talking in
termsof subtle shadingsas opposed to extremely dark colors (unlessyou don’t planto becruising
inthetropics).

Graphics

Graphics are very difficult to design, asit is hard to predict what they will look like when
painted full-scale. Computer designs, models covered with tape, or large scale drawingswill not
convey what agiven design will look like on the water.

Whenever possible, usevinyl tape of correct thickness on the boat itself, and then move back a
ways and have alook. Once you come up with the logic of the scheme, the details can then be
worked up in detail on paper.

Two views of Intermezzo. She had a very high freeboard and not much shear.We started out with
just the rubbing strake painted, but soon enlarged this to an 8-inch-thick (200mm) window stripe. This
stripe was painted in three shades of blue, significantly reducing the topsides bulk, as you can see in
these photos.

The stripe was first done full width in the basic blue color. The shading (lighter in color) was then
added to the bottom afterwards.The difference between the single thick line and that broken up by
a couple of lighter shades of blue was dramatic.

In the lower photo you can see how much the bottom paint and bootstripe are raised at the ends.
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Aluminum bear-
ing rings help to
distribute the
clamping load of
the bolts. We've
found that 2-inch-
wide (50mm)
rings, about 1/4-
inch-thick
(6.3mm), with
bolts at 3-inch
(75mm) centers
work well for
moderate to
large-sized pilot-
house windows
(with 1/2-inch/
12.6mm thick
Lexan).

WINDOWS

Beforewe leave thetopic of structure, we should spend afew more minutestalking about win-
dows. Cabin and hull windows provide more enjoyment, light, and ambiance while cruising than
just about anything you can think of .

Not only doeslight makelife aboard more pleasant, but the very act of being ableto seeoutside
isareal psychological lift. If you're prone to a queasy tummy, windows are about the best pre-
ventative of which we're avare.

The problem comes with the structure of the hull. Hull and cabin windows can be subject to
huge stresseswhen the hull falls off awave. The hull may bereinforced to take thisload, but what
about the window itself?

Andif thewindow startsto crack, or needs maintenance mid-passage, how do you handlethis?

Glazing Materials

Therearetwo basic approachesto glazing. Thefirst isto usealaminated, structural glass. This
can beextremely strong, but isal so quite heavy, not to mention expensive. Glasshasthe best opti-
cal characteristics and is not prone to scratching. In short, once installed, if the gasket system
holds up, there will be no further maintenance.

We tend to use plastics because they are so much lighter, but you have to watch carefully that
they don't get scratched.

Of the various materials available, polycarbonates (such as Lexan) work best. The problem
with polycarbsisthat they are very soft and can be scratched quite easily with a paper towel or a
slightly dirty rag. Neverthel ess, two major manufacturers, General Electric and Rohm and Haas,
sell apolycarb with scratch-resistant plastic.

If you plan to use plastic windows, there are several issues of which you need to be aware.

Thermal Expansion

Plastics have ahigh coefficient of expansion. Thismeansthey expand and contract asignificant
amount with temperature changes. The size of the window, the areaonto or into whichit fits, and
thefastener holesall should allow for this movement.

Without enough allowance, stress crackswill start to form within the window, usually around
the fastener holes or under the clamping ring.

If you use fasteners, the holes need to be substantially oversized. For example, with 1/2-inch-
thick (12.6mm) Lexan, on hull windowswhich areapproximately 3feet (0.9 m) long and 8 inches
(200 mm) high, we use 7/16-inch-diameter (11 mm) holesfor 1/4-inch (6.3mm) bolts.

Notethat fastener holes should have smooth edges, on theinside of the hole and on the surface
of thewindow. It helpsto useasharp, stepped drill. If you don’'t have a stepped drill, use several
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& Manui: T 7 i smaller sizesas startersbeforefinishing off
%‘5&—‘ General Electric | LEXSIL® SPS2800 with the final size. Remove any burrs

Company Sealant around the edges of the holes.
Waterford, NY The actual relationship you will need
(800) 255-8886 va_\riawith t_hetype of plastic, shape of the

Sillcone General Electric | Silpruf® Sealant window, thickness, and heat range for
) Company. which you want to allow.

Waterford, NY For polycarbonate sheet, here is the
(800) 255-8886 expansion formula: multiply the dimen-
Silicone General Electric | CONSTRUCTION 1200®  Sionininchestimesthetemperaturediffer-
#?W:ASYNY Sealant ential in degrees Fahrenheit times the
aieriord, constant 0.0000375.
- (300_) 25&888? An example would be as follows: 96
Silicone General Electric | CONTRACTORS 1000® inches (length of agiven window) times50
w%‘;::ﬁ,gyw Sealant degrees Fahrenheit (the difference
(800) 255-8886 betwee_n a70-degreeday anda 1_20—degr_ee
Gasket/Tape | Norton Company | « NORRENE™ Foam d_ay) times 0.000037 = 0.18 |_nches In
Granville, NY ~ [+V-2100 Urethane ~ dimensional change. When looking at the
(800) 724-0883 Series hightemperature, be_ar inmindthat thesur-
Gasket Tremco »Silicone (70 Durometer) ace of shaded plastic absorbs heat and so
Columbus, OH «EPDM gets much hotter than the surrounding air
(800) 321-6357 (60, 70 Durometer) temperature. Thisis not a problem with
Tape gemco Y 440 Tape clear.
eveland, OH

(800) 321-7906 GﬁSketS w1516 be bedded
Butyl Tape | PTI 303608 your window is to be d on gas-
Dayton, OH 7 kets, there are several issues with which
(800) 543-7570 you have to be concerned. The first is the
> 3 type of material being used. Many gaskets

Butyl Tape Isrsli?;l;erl)\(norehead Isocryl 5600 Series have PVC plasticizers used to keep them

(214) 438-9111 soft. These eventually migrate to the sur-
Aluminum/ | DRG Sellotape | Sellotape BV ' faceof thegasket andinteract with thewin-
Mesh Tape | Utrecht, Holland | Vent Tape | dow, causing loss of strength, cracking,

030-44 33 44 | and crazing. The answer isto use agasket
Vent Tape | 3M Tape 394 material likean EPDM or pure neoprene.

Minneapolis, MN You'll get the best results if you use a

(612) 733-1110

General Electric, the manufacturer of Lexan,
suggests these suppliers for gasket materials.

tape edges together where they meet.
We typically use 1/4-inch-thick (6.3mm) gaskets, usually of EPDM rubber, with a Shore
durometer of 25t0 45 and adensity of 8to 12 pounds per cubic foot.

Adhesives versus Fasteners

L otsand lotsof windowsare heldin placewith adhesives. We' ve used them with success on our
pilothouses, but only where the cockpit area inside of the pilothouse was watertight.

If lossof awindow in aknockdown could flood theinterior, use mechanical fasteners. Although
these are more costly, heavier, and less sleek, you can be absolutely sure of your structure.

Holes should be at |east one diameter in from the edge of the window. Thismeansfor al-inch
(24.6mm) hole there should be 1/2-inch (12.3mm) clearance between the extreme edge of the
hole and the edge of the plastic.
Bearing rings

If bolts hold the windows in place, they should go through a bearing ring to distribute the
clamping pressure of the bolt to the surround plastic. Our rings are typically about 2 inches (50
mm) wide and of 3/16-inchto 1/4-inch (4.5mm to 6.3mm) thick aluminum.

| large sheet of gasket rather than atape. The

large sheet meansnojointscan leak. If you
do use atape, be surethejoint is carefully
fit together. If abonding adhesiveis avail-
ablefor the gasket you are using, bond the
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existing structure

1/4 in. gasket
compressed to 1/6 in.
1/2 inch hole allows
Lexan to "float"

Last Chapter

Nylon Washer to prevent | ext chapter
galvanic action

| I]\ Stainless Steel

”III/IIIIIIII/IIIII//IIIIII[ Zg////// LA st
Bolt (174 in. minimum) -

cap nut with washer Help!

174 in. Alum.frame

~———— | EXAN

L
varies ,11/2 in.J‘./t‘ 4 in.

) |1I/4' in. c];m;;ressed
to 1/& inch

One of the toughest details to get right with plastic structural windows is how they are
held in place.We have had good success over the years with wide bearing rings (usually
about 2 inches / 50 mm in width) made from 1/4-inch (6.3 mm) aluminum.

The window sits on a high-quality 1/4-inch-thick (6.3 mm) gasket, which compresses by
about 50 percent when the window is snugged down.

The most critical factor is providing enough room around the bolts for the window to
expand and contract without ever touching the bolt. If you mis-drill the hole, or use one that
is too small,a crack will result in a short period of time.This crack does not necessarily indi-
cate that the window is structurally unsound, but it is unsightly, and over time will probably
leak (although cracks in thick plastic seem quite resistant to leakage).
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WATER BALLAST

Yearsago — | think it wasin the early 70s— Eric Tabarly did a singlehanded race acrossthe
Pacificin a35-foot (10.8 m) sloop that used seawater in sidetanksfor additional stability. “What
aclever idea,” | thought at the time. You could reduce your total displacement, but add substan-
tially to stability. The result would be faster and stiffer performance upwind and reaching.
Tabarly won therace (he almost aways did back then), and | heard nothing more of this concept
for many years.

Then, a decade ago, monohullsin the singlehanded OSTAR started using water ballast totry to
compete with the big multihulls. Warren Luhrs’ Thursday’s Child, which | saw at the Annapolis

Where to put water ballast is
always an issue. If the boat is large
enough, you can bury it inside of
furniture, keeping tank tops below
counter level. If this works out,
you lose some storage space, but
without visual impact.

On the Sundeer production
boats we used fiberglass tanks
from the main saloon bulkhead aft
for freshwater tanks (left). The
theory was that on passages you
would carry just the weather
tanks filled, then top off once you
reached your cruising grounds.
The reality seemed to be that
most of our owners preferred to
passage with both tanks filled,
negating the advantage of carrying
the water to windward.
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On race boats, water-ballast plumbing tends to be large and bulky for rapid trans-
fer rates. However, for cruising, where water ballast is more of a strategic long-
range issue, smaller plumbing can be used. We've found that a single 2-inch
(50mm) line will allow us to transfer 4,400 pounds (2,000 kg) in about ten minutes.

The photo below shows selector valves for Beowulf’s forward and after tanks.
The aft tank is normally used. The forward section is only used when the boat is
light and we are looking for maximum performance.
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Boat Show, startled the sailing
world with her performance,
almost beating the first multi-
hulls and massacring the mono-
hullsinthefleet. By thetimethe
second BOC racershit the start-
ing line in Newport, Rhode -
Island, most of the seriouscom- zzai
petitors were using thousands = -
of pounds of water ballast. ‘
Always thinking about a
more comfortable, faster way to
go cruising, | started looking
into adapting this concept to a
serious cruising yacht. The
advantages were obvious:
speed, as much as a 15-percent
increase in beating and close
reaching performance, and/or a
lot less heel. If we heeled 24

We've found this Scott self-priming 3/4-horsepower

degrees going to weather at 9 pump to do a reasonable job of filling ballast tanks. At
knots, we could reduce heel to 60 gallons (230 liters) per minute, it fills our aft ballast
16 degrees and maintain the tank in under ten minutes.

same speed, or carry much The selector valve on top of the discharge sends the
moresail and gofaster at theold salt water to either side. By taking this to the top of the
angle of heel. From my per- tank, we need not worry about check valves for back-

feeding. When we need more ballast, we simply turn
on the pump and wait until heel has flattened out, or
until we see the vents overflowing.

spective, the reduction in heel
angle wasthe most intriguing.

Athwartships, rolling would
be substantially reduced and
softened when at anchor, when powering in a sloppy sea, and when sailing downwind in the
trades. Why? Because putting all that weight into the hull sides would increase sideways polar
moments tremendously, and that would help soften or reduce the motion. Water ballast can also
be used to trim the boat to leeward in light air to help sail shape and reduce wetted surface.

Intriguing concept, isn't it? But water ballast isn't acomplete plus. There are afew negatives.
What do you do with thetanks?How much spaceislost?What about the noise of that liquid slosh-
ing around if the tanks aren’t full and you're pounding uphill? Then there's the complexity of
additional through-hull fittings, pumps, plumbing, and maybe aleak or two along the way.

Intrigued with the concept, | started to do someresearch. Who better to check with than therac-
erswith experience?Thefirst person | reached was Tony L ush, asinglehander withmany offshore
milesto hiscredit.

Tony had fitted a J/35 with hull sidetanksfor an OSTAR race acrossthe Atlantic. Hefigured a
net 15-percent gain upwind with his modest 1,800 pounds of water ballast. (Against the
11,000-pound displacement of his boat, this was like having nine crew sitting on therail.) Even
more important was his ability to drive upwind in heavy air with hislightish displacement. Tony
said he could make 6 to 7 knots with storm jib and double-reefed main in 45 to 50 knots of wind
(moderate seas running at the time). That’s phenomenal in an 11,000-pound (4,988kg), 35-foot
(20.7m) vessel. | asked Tony how he had gone about installing the tanks. He said they had been
built right into the boat, using the deck and hullside as part of the tankage. He started at the for-
ward bulkhead, near the mast, and worked aft to the start of the cockpit area, about the same as
where acrew would sit.

Oneof the key issues Tony stressed was proper baffling. Allowing any sort of liquid movement
inthetankswould not only slow the boat, but would be annoying ashell to the occupants. He used
vertical baffles every foot in histanks. Even with these he still had to keep the tanks full to avoid
sloshing.
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| also checked with Steve Pettingel, aprofessional sailor who has designed anumber of water-
ballasting systems for race boats, and who recently came second in the BOC. Steve echoed
Tony’s comments. Saltwater ballasting isrelatively simpleto install, very efficient at generating
boatspeed, and is an excellent candidate for cruising.

Sincethese conversationsmany yearsago, we' vespent alot of hoursstudying the concept, talk-
ing to peoplethat have used it, and looking at boats equipped with water ball asting.

When Linda and | went through the design evaluations on Sundeer, in the end we decided
against using water ballast. We did not want to give up the storage space and didn’t care for the
complexity of the system we thought would be required.

But some more thought and observation led us to the conclusion with Beowulf that we'd give
seawater ballast atry. And after just a bit of real-world experience we've cometo loveit! | can
assure you that any future vesselswe do will usethis concept.

Stability and Performance

Let’s go back to the beginning and look at the rationale for this whole concept. In amonohull
sailboat, the single biggest issue in performance is stability. The more stability you have, the
faster you sail. Period.

You can also sail at a more upright angle, which is more comfortable for the crew. Keel and
rudder are more efficient, too, at an upright angle. Everything benefits.

Aswe've discussed before, there are several ways to generate stability. Oneiswith hull form
(inertia). However, of course beamy hulls have steering, drag, and motion negatives. You can do
it with deep draft or by adding lead to the keel. Both are negativesin a cruising context. Or you
cando it by adding weight at the end of alever arm — like 15 of your best friends on the weather
rail.

That's where water ballast comesin. A weight at the end of alever arm, it works to keep you
upright like the crew on therail. But you can pump it overboard when it’slight — and you don’t
haveto shareyour lifewithit.

How Much Water Ballast?

This is a trade-off between interior space, stahility, the costs of that stability in terms of sail
welight, spar size, rigging and hardwareimpacts, and range of positive stability. In our ownwork
we'vefound that a 6-degree heel reduction works out about right.

Tank Geometry

Theeffectivenessof thewater ballast dependson several factors. First isthe distance off-center.
Thefurther to windward, the more effectiveit will be. Second isheight. Thelower the water bal-
last, the more effective, and the less of a problem it will bein arollover. Of course height and
beam are linked, so picking the right combination of tank shape for most efficient use of weight
requires some design work. Another issueislongitudinal distribution. The longer the tanks, the
more weight they will hold. Longer tanks can be further outboard but have more surface to con-
struct, which is heavy and expensive. We've found that it works well to have the water ballast
weight well aft of the center of buoyancy in the hull. This depresses the stern, as the tanks are
filled, which improvesthe high-speed hull shape and hel pskeep therudder covered when the boat
heels.

All of thistheory isfinefor race boats, but what happensin acruising yacht? With cruisersthe
big trade-off comesin theinterior. With araised saloon design, or one with a mid-engine room,
the tanks can be easily hidden and will show little or no impact on the interior. Or, they can be
fitted underneath and bel ow the furniture, aswe did on Beowulf.

Hull Shape

If you've decided to go for water ballast, and if you are building new, then hull shape should be
looked at from a unique perspective.

Withwater ballast in the equation, it sometimes paysto increase beam abit so that the resulting
hull shape aft is more efficient at getting water ballast weight low and outboard. Of course, this
creates potential steering problems — but these are mitigated by the more upright sailing angle
and ability to depressthe stern.
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Range of Stability

Water ballast is abig negative on range of stability because of the higher center of gravity that
istypically theresult. In our studieswe’vefound lossesof 4 to 8 degreesin L PSasaresult of water
ballast (these were in non-aggressive situations). Be aware of this early in the design equation,
and make allowance to get the required range back either by lowering the overall vertical center
of gravity and/or increasing freeboard (or deck structure).

Whitbread 60 designers have raised an interesting concept about water ballast and capsize
resistance. If you end up in a capsize situation when fully-ballasted, the boat will have a heel
induced by the asymmetric ballast loading. This additional heel is going to reduce the wave
energy required to get the capsized vessel back on her feet. The theory makes sense to me. But
short of testing it, with and without water ballast, I'd prefer to maintain the appropriate LPS. Of
course, you could empty thetanksin heavy weather when capsizewasarisk. Thiswould get you
back to the better LPS, but then you'd have less stability and inertia with which to resist wave
impact.

Ballast Tank Construction

Ballast tanks carry substantial loading and need to be carefully engineered. Lots of baffles
reduce water movement and sl oshing noises, while reducing panel spansinside the tank.

Beowulf had baffles every 24 inches (610 mm) on center, and noise was never an issue, even
when beating into steep seas.

You should test the tanks with a static head pressure of at least twice the maximum head they
will seewhenfilled.

Plumbing

We look at the plumbing system in the context that the water ballast isatactical el ement, typi-
cally used for long periods of timeon agiventack (asopposed to astrategic el ement where ballast
would need to berapidly filled, dumped, or transferred from sideto side).

In a cruising context this means that smaller, less complex plumbing systems can be used.
Plumbing size becomes important if the plumbing is exposed in the interior. Where a 2-inch
(50mm) pipe might fit under the cabin sole, a3-inch (75mm) pipe might create an ugly bump.

Our own experienceisthat ballast is rarely adjusted except when tacking or jibing. Where we
might want half-filled tanks at 11 knots of true-wind speed, and filled tanks at 13 knots (beating),
the performance hit for being overballasted is so small that we typically fill the tanks and forget
them (unlessit getsreally light).

There arethree approachesto filling the tanks: opening avalve and letting gravity do the job of
filling aleeside tank (and then tacking once it isfilled); using a forward-facing scoop to make
boatspeed force water into the windward tanks; and using an electric pump. The problem with
using gravity isthat while thisis going on, your heel increases substantially. In addition, with a
good head of speed, it may be difficult to get water to fill without some form of ahull scoop. It’'s
fastest to use alarge forward-facing scoop, as on the BOC race boats. However, thisinvolvesa
fair amount of structural and plumbing complexity and introduces another potential area for
leaks.

My favorite method isto say from the beginning that you are going to pump it in, which allows
you to pump the water to windward. We've found success using self-priming Scott centrifugal
pumps. The 3/4-horsepower model we've used givesusaround 60 gallons (240 liters) per minute.

Dumping water ballast is quite simple. Gravity will do the job aslong as the water isto wind-
ward. In fact, in many casesthe water will be quickly sucked out by the venturi effect created by
the sea passing by the through-hull fitting.

Transferring liquid from one side to the other ismost easily done with gravity. We used 2-inch
(50mm) PV C pipe, with the equivalent of six 90-degree bends between the two sides. Transfer-
ring 4,000 pounds (1,800 kg) from windward to |eeward side takes about six minutes.

Be sureyour air vents are of sufficient size to eliminate the possibility of any restriction when
the tanks are filled at the fastest rate. This helps with filling speed and ensures that no pressure
(asidefromthat associated with the“head” of water) isallowed to build up. If air ventsare under-
sized or blocked (perhaps by adip filled with water), pressure from the pump can build rapidly.
Thiscan lead to leaks and/or structural problemswith thetanks.

The air vents should be at the highest point of the tanks when the boat is heeled (typicaly an
outboard corner). If positioned where easily visible on deck, the overflow will indicate when fill-
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ingiscomplete. If you havelong tanks, with lotsof flat areaon top, you may want to consider two
setsof breathers.

Also, be sure the baffles have breathing notches cut into the top inboard and outboard corners.

There are all sorts of waysto plumb up the ballast system to make it easier to use on aremote
basis. When we started with Beowulf we did everything with aseries of manual valvesin the cen-
ter of the boat, behind the fridge box. After living with the system, we came up with a simpler
approach, which madefor easy remote control aswell.

First, the output of the electric filling pump is directed by aY-valve to either port or starboard
tanks. Thefill isat thetop of thetank. Oncethevalveisdirected to port or starboard, any timethe
pump isturned on, it will pump water into the tank. The water cannot run back out through the
pump becausethefill isat the top of thetank. Hence, when thefilling operation isover, no valves
need to be adjusted. Theonly timeit will be necessary to adjust thisvalveisif youwant tofill the
oppositetank.

In the center of the boat, at the low spot of the tanks, there is a crossover pipethat serves both
to empty the tanks and to transfer liquid from windward to leeward side.

Oneachtank isavalve (insidea locker). In the middle of the crossover pipeisaY-valve. This
central valve directs the flow to the leeward side in one direction or to the exhaust through-hull
fitting when in the other direction.

Normally it isturnedin the exhaust direction. On the through-hull fitting isaconventional sea-
cock asasafety device. Just after thiswe used an electrically operated valve made by Asahi (12-
volt and 24-volt models are available). To let water out, sSimply open thisvalve and away it goes
— assuming theY-valve and tank valves are open.

Since controls for the pump and electric valve arein the pilothouse, the system is easily regu-
lated without going below to messwith the manual valves.

When wetack or jibe, theY-valves on the pump and crossover between thetanks are adjusted,
and the leeward tank valveis closed while the new weather tank valveis opened.

Using Fuel and Water as Ballast

When we started to work on the Sundeer production series, we talked to our builder about the
feasibility of putting freshwater into hull sidetanks. Thisturned out to make economic and struc-
tural sense. The tanks acted as local stiffening and longitudinal girders, plus they formed the
insides of lockers and sal oon seat-backs.

We were able to design in about twice the capacity we'd normally specify in fresh water. We
assumed that when passaging, the tanks would be left half-full (with all of that carried to wind-
ward), and that at cruising grounds, both sideswould befilled.

The nice thing about this approach was that we were left with plenty of space under bunksand
seatsfor normal storage.

Fuel tanks were also done in this fashion, but they were built out of welded aluminum and
placed against the hull sidesin the aft engineroom. Again, capacity was doubled over what we'd
normally be abletofit.

Plumbing between thefuel and water tanks can be doneinanumber of ways. Thesimplest with
fresh water isto use asingle crossover pipefor transfer (by gravity) with aT-fitting in the middle
from which the pressure pump draws.

Fuel isalittlemorecomplex. Variousrule-making bodies are unhappy about placing afuel tank
pickup where it exits the bottom of the tank (in case of alesk, they don’t want the diesel under a
head pressure on the plumbing system). If you adheretothisstricture, useapump to transfer from
onesidetotheother.

Diesel fuel pumpsaretypically pretty slow, around 4 gallons (16 liters) per minute. Soasingle
normal-sized pump will take some time to move the fuel. The answer isto fit several pumps, go
toalarge (and expensive) pump, or be patient.

Whenyoulook at using fuel and water to hel p with righting moment, consider the effect of var-
iouslevelsof liquid on fore-and-aft trim.

POSITIVE BUOYANCY

Surprisingly, there’s no reason aboat with adisplacement-length ratio under 225 can’t be built
with positive buoyancy. If you're willing to go to the expense and effort of filling the bilges and
someof thelower storage areaswith foam and to build in watertight bulkheads, thisgoal iswithin
reach.

Consider the advantages for amoment. At seathere’s the obvious security and mental comfort
that comesfrom knowing your vessel isits own best liferaft. If you happen to be caught on areef,
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and the reef chews through the side of the
bilge, therush of water and debriswill bemet
by a barrier of foam, allowing additional
timetotry tofloat free.

It isn't feasible to work toward positive
buoyancy unlessyou're building new. If you
are, figure the weight that must be supported
by buoyancy. Thisdependsfirst on the build-
ing materials. Wood is self-supporting in the
water. Fiberglass will support 70 percent of
itsweight, so only 30 percent isleft for buoy-
ancy; steel isasurprising 15 percent buoy-
ant. At the bottom end of the scaleis lead,
which needs a 95 percent crutch. Once the
different weights are analyzed, take what's
left in weight that needs support, and divide
that figureby 64 pounds (or theweight of one
cubic foot of salt water). This gives the
answer in cubic feet of foam required to do
thejob.

The next question is where the buoyancy
can be installed versus where the weight is
that needs to be supported. The moments of
relative balances have to even out, or you
may end up floating with one end of the boat
pointing up.

DOCKING

It's not uncommon in many parts of the

world to lay against pilings, or to havetotie =58

up to extremely rough docks. It makes sense
toallow for thisbeforeyou leavehome, espe-
cially if you are building new.

Rubbing Strake

Thebest betistobuildina proper rubbing
strakeor belting. Thiscanbeassimpleasa3d/
16-inch (4.5mm) stainless-steel strap, 1inch
(25 mm) high, fastened to your toerail. If the
toerail iswell secured to the deck, thisis
ideal, becauseit will project out fromthetop-
sidesall theway around the boat.

Or abelting can be added to the hull side.
Thiswill usually be aheavy piece of timber,
perhaps 2 inches (50 mm) thick and 3 inches
(75 mm) wide at the hull, tapering to 1 inch
(25 mm) or so, with ametal cap. Belting is
only useful aslong asit sticks out beyond the
deck edge. For most boatsthis meansthat the
bow and stern sectionswon'’t be protected.

One of the problemswith belting isthat it
introduces a series of holesinto the topsides,
which may at some point leak.

Hulls are easiest to protect if they have
some flare from the waterline to the shear,
from forward all the way aft. Yachts with
tumblehome, where there’s more beam just
abovethewaterlinethan at the deck, arevery
difficult toprotect. Intheearly periodsof the
IOR, thiswas afavorite design trick.

If you don’t have rubbing-strake base molded
into the hull, the easiest approach is to start with a
teak backing block and then cap it with a stainless
or bronze rail (above).

However, with
a little fore-
thought, the rub-
bing strake base
can be molded
right into the hull
mold (left and
below).This adds
a bit to the tool-
. ing cost, but in
the end you get a
much better
product.
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