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Introduction &
Acknowledgements

Firstly let me apologise / apologize for the ‘Trans-Atlantic’ spelling in this
book ! Having lived many years in the US, being of Australian origin and
having finally settling in Europe; one may understand that when it comes to
spelling | use a ‘mix’ which causes the editors of my printed books to give me
a lot of stick ! Also as this e-book will be read on both sides of the Atlantic and
across the Pacific, | could not quite decide which of the main spelling choices
| should use. | hope you will enjoy reading BUILD YOUR OWN SAILBOAT as
much as | have enjoyed collecting the material from my correspondents who
as you will see are
sailboat owners |
themselves and have
made a massive
contribution to this book.
Where to start! So many
people have contributed
so much; if your name
or perhaps a photo of
your boat appears
within these pages; you
are one of thousands of
sailboat owners &
builders who have
helped to make this
book possible; my
thanks to you all.

Special thanks are due
to the following people:
to my wife Gwenda, who
has supported me in my
work for forty years; to
Andrew Slorach, my
long-standing associate;
Edgar van Smaalen my




partner in Holland, to George Love, my boatbuilding mentor; to the editors of
all the boating magazines worldwide who published notices that helped me
collect the details of so many of my boatbuilding projects; to David Sinnett-
Jones, the circumnavigator who encouraged me when | was starting this
manuscript; to Philip Sheaf who assisted in collecting the material.

This book is written for those who are still undecided as to which boatbuilding
method and or material they would use to build their next boat. The word
‘build’ is meant to cover a boat you totally or partially build yourself or have
totally or partially professionally built by others.

My own exposure to custom boatbuilding began in the early 1960s when,
after purchasing a boatyard as an investment. | decided through choice and
circumstances, to take a more ‘hands on’ approach to protect my
investment.The latter involved serving a five year informal apprentership (after
all I was the boss) under three great boatbuilders: George Love, a wonderful
old time boatbuilder, Barry Long, who had served a long apprentership & had
considerable experience in all aspects of his craft, and finally Len Freestone,
a pioneering fibreglass boatbuilder who had immigrated from the UK to
Australia and brought his considerable skills with him.

My next step was to enroll on the US-based Westlawn Yacht Design course.
As with many things in life, my decision to study further was caused by a trick
of fate when a so-called ‘expert’ we hired to design a boat for our yard made
a mess of the job, so | decided some in-house expertise was needed.Thus
began my yacht design career over all those years ago.

Experience in plywood and timber boat construction using the cold moulding
technique was soon followed by the introduction of fibreglass boatbuilding
methods. During the early 1970s when the oil crisis at the time made the
supply of fibreglass resins doubtful at best,

| explored steel construction methods by visiting Holland and spending
considerable time in the local boatyards. Fortunately the Dutch are very
forthcoming when it comes to sharing their knowledge and | was able to
quickly grasp the finer points of this boatbuilding technique. Now, over 30
odd years and 35,000 boats later, | am pleased to share my boatbuilding
knowledge with you.

Bruce Roberts-Goodson. www.bruceroberts.com

1 L1

' ﬁﬂ 2 | L&; alh,

w1 it
A 4 : e B
RSl = < g e T R e =l S T sk

El!'tjh'n.'u"'*

|




CHAPTER 1.

HISTORY OF OF CRUISING SAILBOATS

First a little history. In my opinion cruising as we understand it today - that is
long distance sailing in small boats for pleasure rather than for profit - began in
the late 1890’s. It all started when retired sea captain Joshua Slocum found
that he could not make a living out of the rebuilt former oyster dragger, the 36 ft
9 in (11.20 m) Spray. The record of Slocum’s rebuilding the Spray and his
subsequent adventures has inspired tens of thousands of people to cruise in
their own boats ever since he wrote his book Sailing Alone Around the World.
In 1962 a Brisbane yachtsman affectionately known locally as ‘Shotgun’ Spen-
cer presented me with a battered copy of Sailing alone around the world . E H
Spencer was a well-respected Brisbane businessman, who took his sailing very
seriously; so seriously that during one important yacht race when another com-
petitor did not obey the starboard rule, he showed his annoyance by diving
below and appearing on deck with his shotgun and firing both barrels across
the bows of the offending yacht. ‘Shotgun’ Spencer had certainly earned his
name. Barred from taking part in future races, he was something of a local hero
to the younger yachting fraternity. | would like to recount those early days when
| was in my twenties and had just learned to sail in one of Australia’s skiff
classes. The Australian 18ft [5.5m] skiff, is an open boat with a veritable cloud
of sail. The 18 footers have a smaller sister, the 12ft [3.6m] skiff. This design is
still raced, and is an open boat with an oversized sail plan. The whole arrange-
ment is only kept upright by the
weight and tenacity of a crew
of four; kept busy, especially
the bailer person, whose job it
is to remove the water that of-
ten flows over the gunwale.
Our 12 foot skiff was named
Desire and had been raced in
Sydney and won a national
championship, but, as hap-
pens with many fine boats, she
was in sad shape by the time
the hull came into my hands.
The rig was unrestricted, so
Desire was fitted with the com-

plete rig, formerly used on Reg
DESIRE our 12 ft skiff with sliding gunter rig. Lipke’s race winning, 16ft




[4.9m] skiff. Re-
membering that the
hull was 12ft [3.6m]
long, the dimen-
sions of the rig
make interesting
reading; mast 27ft
[8.2m], boom 14ft
[4.3m] bowsprit 8ft
[2.4m] and the spin-
naker required a
three piece pole
measuring 20ft
[6.1m]. There was
no ballast, other
than that supplied
by the live and very
active crew. After a
stint of building and
racing multi-hulls, time was taken out of the boating industry to enable me to
study Naval Architecture. Soon after re-purchasing my old boat yard in partner-
ship with Andrew Slorach, | became reacquainted with the Spray when Charlie
Jupp and John Haskins walked into our office and by coincidence both ex-
pressed an interest in having Spray replicas built in fiberglass.

The stories of Joshua Slocum and his sloop Spray are standard reading for
any cruising yachtsman, and his book, makes fine reading. Over the past eighty
or so years, Sailing- Alone-Around-The-World has been the inspiration for many
of those who go to sea in small boats.

John Haskins, a Spray enthusiast approached our design office and as asked
if we could prepare plans for building a replica Spray in fiberglass. John had
already built a perfectly executed scale model of the boat and had incorporated
some small modifications that he felt would update and improve the vessel
without losing the concept of the original design. By some lucky coincidence
while we were considering John Haskins’s request, another yachtsman, Charlie
Jupp approached us with similar requirements. Charlie had just sailed an 8ft
draft [2.4m], narrow beam boat out from England to Australia. The experience
had convinced him that a shoal draft sailboat was better suited to his needs.
Charlie was already familiar with the Spray, and suggested that if our negotia-
tions with John Haskins came to fruition he would also like to build a Spray for
himself.

Here we see DESIRE with her new rig - Crew Bruce, lan, Noel and Gwenda
Roberts-Goodson as bailer girl, see white water going over the side !



At about this time, we were fortunate in securing a copy of Ken Slack’s book In the Wake of
the Spray, which provided a wealth of information for our project. Ken, an Australian, had
included details not only of the original Spray, but had researched the twenty or so replicas or
copies that had been built since 1902. For those not already familiar with Joshua Slocum’s
Spray, perhaps this is a good time to recap some of the exploits of this fine boat, and to lay to
rest some misconceptions and half truths that have persisted about her over the past 90
years.

This rare photograph shows SPRAY off Sydney with Joshua Slocum and Sydney business man Mark
Foy. They are trying out the new set of sails that Foy had presented to Slocum. Photo courtesy Dr
Kenneth E Slack.

In 1892 at the age of 51, Joshua Slocum was given a decrepit sloop called Spray. and spent
the next two years rebuilding this vessel. He removed the centreboard and replaced nearly
every piece of timber in the hull, deck and superstructure. He sought to improve the seawor-
thiness by adding some freeboard, so that the boat would be better suited to the deep water
sailing he obviously had in mind. All the materials used in the reconstruction were collected
around Fairhaven, in Massachusetts, where Spray had lain in a field for several years. The
boat’s lineage is clear when one examines photographs of early examples of the North Sea
fishing boats that have worked off the coasts of several countries bordering that area; and
rumour has it that the Spray was over one hundred years old when she was given to Joshua
Slocum. There was a story that she had worked as an oyster dragger off the New England
coast. Joshua Slocum, a seaman with vast experience, must have recognised something of
the potential of his new acquisition, for otherwise he would not have invested two years of his
life in the total rebuilding of her. As it turned out, he could not have made a better choice.



The man himself - Stu-
dio photograph of
Joshua Slocum.

Slocum spent a year commercial fishing in the boat on the Atlantic coast; then, after proving
the worth of the vessel to his satisfaction, he decided to make a voyage that, even today, is
not undertaken lightly.

Slocum’s trip proved a resounding success. Not only did he achieve what he set outto do -
that is circumnavigate the world single-handed - but he proved for all time the many fine
features of Spray; features that we have seen proven over and over again in the several
hundred replicas that are now in service around the world.

Building replicas of Spray is certainly not new. Although we believe thatin 1969 ours were the
first ones built of fiberglass, many copies had already been built in timber, following similar
construction methods to those used to build and rebuild the original model.

Now is probably a good time to consider just what constitutes a Spray replica. As we know
Slocum altered his original boat during the rebuilding; and many replicas, copies and/or Spray
types that were built between 1902 and 1968 did vary in one way or another from Slocum’s
boat as she was when he sailed her around the world.

It is our experience, and the evidence of all the hundreds of owners we have made contact
with, that-without exception-Spray replicas and near copies have retained all the fine features.



In Slocum’s wake have come many thousands of cruising sailors, some of
whom have become well- known personalities as a result of their exploits. One
not so well known early cruising sailor was Fred Rebel. Fred not only made
history when he sailed from Australia to USA in an 18 ft (5.49 m) skiff, he also
made his own charts! Indeed, not only his own charts but every item of
navigational equipment and put them to the test over 9,000 miles (14,483 km)
of ocean.

Fred Rebel was a carpenter down on his luck and had fled his native Latvia in
the wake of revolution to arrive in Australia just in time for the Great Depression
to start. After a series of successes and failures in his new country and the sight
of thousands of his host countrymen clearing out to the bush, Fred decided to
move on towards California. So with no job and little over £100 capital, Fred
began the second migration of his life, this time by small boat.

He bought one of the well-known Sydney Harbour 18-footers, a very fast boat
with an inordinate spread of canvas. So large a sail plan in fact that in anything
much more than a zephyr it needed a crew of sixteen burly crew to keep it
upright. It has been accurately described as the most spectacular racing boat
in the world, and the very worst to sail across an ocean. However, this was the
boat Fred chose and he immediately set-about strengthening her and fitting a
canvas spray cover as a crude cabin.

Work on the boat was straightforward, he was a carpenter and he knew about
wood. Navigational preparations on the other hand were an immense challenge,
particularly to a man whose sea experience had been limited to a steamer’s
stoke-hold. He spent his days pouring over books in the public library until
finally he acquired a 70 year old navigation manual. The library’s atlas from
which he compiled his charts must have been of an even earlier vintage, about
the time of Cook’s last voyage by the sound of it, for when Fred later came to
use his charts he found quite important groups of islands missed out entirely.
But his most interesting achievement was in the construction of his navigational
instruments which he describes as follows:

‘The materials | used for my sextant were several pieces of hoop-iron; a Boy
Scout telescope, price one shilling; an old hacksaw blade; and a stainless steel
table knife. | broke pieces off the table knife to make the mirrors. They had to
be ground optically flat, which | accomplished by melting a lump of bitumen on
to them for finger-grips and by rubbing them over emery-cloth laid on a piece of
plate glass. | used three grades of emery cloth—coarse, medium and fine and
finally 1 gave the steel a mirror finish by rubbing it on a damp cloth with red
oxide (or jeweller’s rouge). ‘The hacksaw blade was for the degree scale. |
chose it because of its regularlycut teeth and because | could bend it into an
arc. | also chose the radius of arc so that two teeth made one degree. | took the
temper out of the blade so that | should be able to reshape the teeth, and for a



tangent screw | took an
ordinary wood screw: that
would engage nicely with the
hacksaw. This way | could
read half-degrees of arc
straight off the teeth of the
hacksaw. But half a degree
of latitude represents 30
nautical miles and you need
far greater accuracy than
that. So | enlarged the head
of the screw, and subdivided
its circumference by sixty.
Thus | was able to read to
minutes of the arc off the
screw head itself , that was
the hardest job to make.’

A chronometer was
essential. Fred could not
make one so he did the next
best thing and bought two
cheap watches (each as a
check on the other) for a few
shillings. He wrote ‘I slung

them in gimbals, so that the
motion of the boat could not affect
them.’ Another essential
instrument handmade was the
taffrail-log. He wrote, ‘I made my
spinner from a bit of broomstick,
to which | set aluminium blades
at such an angle that the spinner
would turn once for every 12 in
(305 mm) of passage through the
water. For the indicator | adapted
a little clock, gearing it down so
that every minute on its face
should mean | mile of distance
sailed. When | tried this log out, | ABOVE LEFT: The instruments made by Fred Rebel.

found there was a slip of 20 per ABOVE: Fred using his home made sextant.




cent; but an error in a nautical instrument does not matter, provided it is constant,
you can allow for it. And until the time when the works of the little clock corroded
with the sea air and water, this taffrail-log served me well.’

Fred left Sydney in his boat Elaine on 31 December 1931 and arrived in
America one year and three days later. This narrative is not intended as an
invitation for you to rush out and start looking for the perfect 18 ft (5.5 m) cruising
boat. The experiences of Fred Rebel are included to illustrate just how small
some boats are that people have acquired when choosing for cruising.

You do not have to intend to set off around the world when you make the
decision to adopt the cruising lifestyle. Weekend sailors can enjoy their cruising
just as much as long distance sailors. As with all endeavours there seems to be
a perceived (in my experience often erroneous) pecking order among cruising
folk. Do not try to emulate the singlehanded, three times around the world
person, if that is not your thing. Cruising can be enjoyed close to home equally
well. You can adopt the sensible attitude that you will gradually extend your
cruising grounds as your experience and other circumstances permit. What
has this to do with choosing for cruising? In my opinion it is a big factor. So
many people’s cruising plans have come to grief because they felt obliged to
overstate and then overreach their own sensible cruising goals.

Cruising will mean different things to different people; your cruising may be
coastal in nature and all undertaken within 100 miles (or less) of your home
port. You may prefer gunkholing either locally or in some nearby cruising ground.
If on the other hand you are going to make that world girdling voyage, then you
will need to give even more serious consideration to selecting the right boat.

Of course many successful voyages have been accomplished in unsuitable
boats, but here we are trying to avoid depending on large slices of luck. Choosing
just where you intend to cruise may be one of the hardest decisions you will
have to make. Being honest with one self will play an important part in this
decision. It is always more romantic to dream of far off locations than it is to
admit to yourself (and friends) that what you would really like to enjoy is some
local cruising involving minimum hassle and maximum relaxation.

Where you intend to cruise will definitely influence your choice of boat. As
you read each chapter you will be able to relate various types of hull
configuration, keel types, accommodation layouts etc., to a particular type of
usage. Some boats are suitable for sailing in many and varied locations, while
others are more specialised. This book will try to guide you through these areas
of choice.

You will find that cruising people are often very opinionated; in some ways
this is what gives them the confidence which in time combined with experience,
makes their cruising successful. As soon as you mention to any one remotely
connected with the sea that you are planning a cruise in your own boat you will



receive a myriad of advice. In the following pages | have tried to sort out not
only the type of advice you should consider but also to alert you to the questions,
to which you will need answers. Without previous experience, intending cruising
folk can sometimes be led to at best, choosing an unsatisfactory boat, or at
worst creating the conditions that lead to a disaster that will put paid to their
cruising ambitions forever. Some of you may have met individuals who have
tried cruising and failed; all that follows is my attempt to guide you and your
family to a successful cruising experience that will last as long as you all find it
rewarding and enjoyable. You will notice the frequent mention the word family
throughout the text; family can mean wife, partner, children and perhaps even
one or more pets. If you do not consider the family from the very beginning then
your cruising experience will be short lived. The most common story related by
those who have tried cruising and failed, is one where it was assumed that the
entire family would share and enjoy the type of cruising you have in mind. This
attitude leads to frequent arguments, or worse; sometimes desertions and
separations at the first port of call. As mentioned earlier, cruising people are
often opinionated and as such will often recommend or decry a specific product,

being more than happy to make

4 sure you note the brand name. |
too have often recommended
products or services by name, but
be warned; in this changing world
where takeovers of companies
are common place, the quality of
products often change for better
or worse. Make your own
enquiries and compare products
etc.

This happy couple Herbert and Petra
Fritz built their Roberts 53 steel sailboat
themselves. Herbert made everything
with the assistance of talented friends.
Recently | met Helmut Haas and his
wife Angelika who have retained me
to design a custom a 78 ft motor yacht
- Helmut informed me that he was one
of those friends mentioned above - it
is really a small world !

Herbert and Petra sailed around the
world starting from their home country
Germany - they called at our Marine
Park boatyard in Australia.




CHAPTER 2.
BUDGETS AND PLANNING

Initial planning and calculations of how much will it all cost. How to save money and keep
within your budget. Budgets for acquiring your boat and for maintaining the cruising lifestyle.
VAT certificates. Earn as you cruise. Your boat may play a part in your income. Chartering
your boat. Setting up a workshop. Boat size for cruising and crew requirements. Where to
look: new or secondhand or build? The KISS factor. Hull types, including keels and other
appendages. Selecting a hull type. Formulas and technical considerations and what they
mean. Displacement length ratios and meanings. Seaworthiness, hull ends, overhangs, hull
balance, self steering capabilities with and without mechanical devices Slipping your hull and
the ability to go aground. Raised decks, poop sterns and anchor wells. Self steering capabilities
see also rig and self steering. Underwater considerations; draft limitations, types of ballast,
centre-boards, drop keels, twin keels. Rudder types; transom hung rudder. Hull construction
materials; selecting the hull material and the choice between glass fibre, steel, aluminium or
wood, advantages and disadvantages of each. Motor sailer hulls.

What a depressing subject budgeting is when you may be just starting to explore the possibilities
of your (first or next) cruising boat. Unfortunately the subject of finance will be one of the
foremost things you will need to consider. Everything to do with cruising has a price and some
form of budget is required at every step from your first planning session through to enjoying
your cruise. If you do not have a well planned budget, you are unlikely to have a successful
cruise.

DEFINE YOUR CRUISING GOALS

What type of cruising do you have in mind? Occasional weekends and annual holidays; long
term or full time cruising? The answer to this question will have a great bearing on your budget
requirements. If you are planning the former your biggest expense will be the boat itself,
whereas if you are considering long term voyaging your budget considerations will become
more complex.

Once you have clearly defined your cruising objectives then preparing your budget can take
shape. The last thing you will want is to end up with a mountain of debt when you come back
ashore. All cruising experiences have a beginning (planning) middle (the cruise which may
last for a number of years) and an end (the day you sell your boat and take on a shorebound
existence).

AFTER CRUISING ?

You should budget for all aspects of your future lifestyle. Most people tend to ignore the last
part of the exercise; they either think they will never return to a shoreside life, or they just
ignore the subject altogether. You can plan and budget for all main stages of your cruising
adventure including the end, and still not detract from the overall excitement. Choosing the
right boat will go a long way towards the planning for the end of the cruise; a well chosen boat
capable of holding or enhancing it's value, will help to provide you with a re-establishment fund
when you move ashore. This is not to suggest that you necessarily put a limit on the length of
your cruising experience; many cruising individuals, partners and couples like Eric and Susan



Hiscock, the Pardy’s and many other lesser known people, have managed to continue and
enjoy a cruising lifestyle for many years. You should be aware that some time in the distant
future, you may need to re-establish yourself ashore. Each individual or couple will have limits
of one form or another. Lifetime partnerships often start when couples meet in foreign ports,
children are born, and other factors may require a change to your plans during a cruise.

APPORTIONING AVAILABLE FUNDS

Now to get down to specifics. Let us assume you have a certain amount of money available
and you have caught the cruising bug. As yet you do not have a vessel or perhaps the boat you
currently own is unsuitable for the type of cruising you have in mind. For those planning a long
distance cruise (as opposed to local weekend cruising) you will need to divide your available
funds into at least two main plus several smaller components. The first sizeable chunk of
your budget will be for the acquisition of the boat. You will have several options including
having a boat designed and built to your requirements, building your own from a suitable
design, buying new, or finding a suitable secondhand craft. It would be difficult to set an
accurate budget until you have investigated each of these options.

The second main budgetary consideration for those who plan either to cruise full time or
continuously for several months each year, will be the expenses associated with day to day
living. Items such as food and clothing, boat maintenance, mooring and haul out fees will have
to be allowed for. Add to this, visas and other associated paperwork, which can often be more
expensive than expected. There will be the cost of additional gear and equipment such as
replacement of lost or worn out items, plus new charts, pilot books and the like.

CRUISING FROM UK AND EUROPE

Cruising full time could involve leaving the UK in September and utilising the trade wind route
to make the West Indies for Christmas, cruising in that area until Spring and then returning to
the UK, taking about 12 months to accomplish the round trip. Thousands of cruising boats
make this type of voyage each year including those who make detours to encompass the
Atlantic islands and the Mediterranean. The step of heading into the Pacific takes a bigger
commitment, one that you may wish to consider after you have explored areas nearer to home.

CRUISING FROM USA

US east coast based sail boats often restrict their cruising to the beautiful coastline, heading
to Maine or down to Florida and the east coast of Mexico or out to the various islands of the
Caribbean. For these sailors crossing the Atlantic is the big commitment. US west coast
sailors usually cruise up to the San Juan Islands off Washington State and the Canadian Gulf
islands and then possibly on to Alaska. Other west coast based boats’ head for Mexico and
always the big decision is to head out into the Pacific. West coast sailors have the option of an
exploratory cruise to Hawaii; if they find long sea passages are not for them then they can
simply return to the west coast and the thousands of miles of beautiful cruising.

CRUISING FROM AUSTRALIA

Australian yachtsmen also have many choices; with their huge coastline and the proximity of
the Pacific islands, they have plenty of places to explore before taking off on a long cruise.
East coast based sailors often head for Lord Howe Island and use this round trip as their
shake-down cruise.

CRUISING FROM A FOREIGN PORT

For those committed to long distance and full time cruising and considering the above options,
you may prefer to travel by conventional means to your chosen cruising location. You can
acquire your boat in the area where you want to commence cruising. At many of these locations



you will find boats for sale by people who have not planned their cruise as well as you have!
For example if you live in the UK and you have in mind some Pacific cruising, you will find the
market for used boats in Australia very much to your liking. The prices in Australian dollars,
when converted into sterling, make the boats seem very inexpensive.

The same applies to UK residents with their eyes on the Caribbean; there is a good selection
of used boats to be had in the USA especially in Florida. Other good places to look for a
suitable boat are those areas which are the first major port of call for cruising boats. These
early ports of call include Hawaii, Noumena, Fiji and the Azores, as well as places in and
around the Mediterranean such as Gibraltar, Portugal, Spain, Greece and Turkey, where you
can often find a bargain. Exchange rates fluctuate and the current value of your currency
verses the currency in which you will be required to pay for the boat, may well be a deciding
influence in deciding whether to purchase locally or abroad.

BUYING ABROAD

If you are shopping for a boat away from your home territory you will need to be very careful
about the ownership rights of the person selling the boat. You would be wise to deal through a
local broker with a good reputation; better still would be a broker who has affiliations in your
home country. To buy a boat dockside from some unknown owner would be the height of folly
as many have discovered to their cost.

EUROPEAN RESIDENTS

You will also need to explore the VAT minefield. From January 1 1993 when the EU single
fiscal area came into being, boats can be transferred and sold freely between residents of EU
countries without duty being levied provided that evidence is produced that VAT has been paid
on the particular vessel. The best proof of VAT paid status is the ‘green flimsy’ the EU standard
document that is issued when VAT is paid on a new boat. For older boats where VAT was paid
before the VAT rules were properly documented the next best thing is an original letter form
the Customs office stating that in their opinion they are satisfied that VAT has been paid on the
vessel. In the UK you should contact your local HM Customs office, where you can obtain up
to date information on what is required for you to formalise the VAT paid status on your present
vessel or on a boat you are interested in purchasing.

A special exemption exists on boats built before January 1985 provided they were in European
waters on 31 December 1992 and the owners can prove it, then they are VAT exempt. If the
boat was built after this then VAT will sooner or later have to be or will already have been paid.
Where the boat was located on 31 December 1992 is the deciding factor as to where VAT
had to be paid. In my own case the UK built S28 K*I*S*S was in Holland on the fateful date;
that is where the VAT was paid before | consented to purchase the boat. My current boat was
built in Holland in 1991 but was in the UK on the 31 December 1992 so the VAT was paid in
the UK. As the green flimsy did not exist for this boat it was necessary for the seller to obtain
a letter from the UK Customs that they accepted the proffered evidence that the VAT was
paid. This original letter along with previous owners’ bills of sale, builders’ invoices and SSR
certificate now forms part of the ‘ship’s papers.’

There is a quirk in the VAT laws the rule being that if you purchase a VAT paid boat outside
the EU and then bring it back into EU waters then you will have to pay the VAT. If you are
considering buying a VAT paid boat that is currently located outside EU waters, make sure it
is returned to an EU country again and check the VAT status before you make the purchase.

NON EUROPEAN VISITORS

For those USA, Australian, New Zealand and other non European residents who want to
cruise the Mediterranean, and perhaps cruise through the French, Dutch and Belgian Canals
(highly recommended), the idea of obtaining a boat in Europe has its attractions. For one thing



the long ocean crossing can be avoided There is also the possibility of having the boat built in
the low cost labour countries of the former Eastern block. The very reasonable building and
labour costs of the UK (compared with Germany and certain other EU countries) make acquiring
a suitable boat in this area worth serious consideration.

The recently enacted European Recreational Craft Directive (RCD) and the requirement to

pay VAT on boats remaining in EU waters for over 6 months, make it a sensible alternative for
non EU residents to buy their boat within the EU. Non EU residents who bring their boats into
EU waters will need to pay the VAT or limit their stay to less than 6 months. The current rate
varies between 15% and 20% depending in which EU country you are located when the tax is
due and payable.
Cost saving is not the only reason (although it can be a very good one) for buying your boat
abroad. In some cases time restrictions, unwillingness of your partner to undertake long ocean
crossings, and numerous other circumstances may make the idea of starting from a foreign
port an attractive option.

BUDGETING FOR ADDITIONAL EQUIPMENT
Even the best equipped boat will require many additional items to meet your particular needs.
My own Spray 28 K*[*S*S was ‘well found’ when | acquired her. She had been built by an
American couple Hal and Dorothy Stufft and equipped for similar cruising to what | had in
mind, at least for the following two or three seasons. On reviewing my last two years’ expenses
for her I note that the equipment added totalled some thousands of pounds. She did come well
equipped but obviously not totally equipped, as my records revealed. The above examples
illustrate the need for extra funds to be put aside for unexpected expenses including taxes and
additional items of equipment that you may have overlooked but will require for one reason or
another.

This brings us to the KISS factor, the initials being an acronym for ‘keep it simple sailor’ or
less politely ‘keep it simple stupid’. This saying which | am told originated in the engineering
industry, it is well worth remembering when considering all things boating.

BUDGET FOR THE BEST

When budgeting for additional items to complete the fitting out of your cruising boat, always
consider buying the best. Perhaps that will be the best you can afford, but nevertheless this
should be the best. Most experienced cruising people can relate stories of their own regrets at
cutting corners, when purchasing a particular item of boating gear. Naturally you will be
looking for the best price; you had better be, or your cruising experience will be shortened due
to over extending your budget. If you allow a known price for a particular item and then are able
to obtain it at a better price, then you will be able to offset the cost overruns that will certainly
occur.

BOAT JUMBLES

In my opinion one of the greatest British marine institutions is the ‘Boat Jumble.’ This wonderful
source of inexpensive, often top quality equipment and boating geatr, is unparalleled in most
other countries. After attending the Beaulieu Jumble, the grand daddy of all boating jumbles,
I am sold. Unless you have considerable boating experience, you should attend these Jumbles
accompanied by a knowledgeable boating friend. Know what you are looking for and only part
with your money if you are absolutely sure of the suitability of the item for your boat. Make sure
you are confident of the quality and you should have checked the best prices available from
more conventional sources. Assure yourself that the item was legally obtained by the vendor!
When it comes to price, haggle like your life depended on it. Under no circumstances buy
something ‘that you think may come in handy’, but for which you have no specific need; most
boat owners homes and boats have a collection of such items; the smart ones sell them at the
next available Jumble.



REPLENISHING THE COFFERS

So far we have only discussed the budgetary outgoings; many of you will have plans for
replenishing your coffers during your cruising. If you are planning weekend and annual holiday
cruises only then you will most likely have a regular shore-side income and the next few
paragraphs may not apply to you.

For those of you who are planning to retire or take an extended break from your normal
employment; you should consider how you can replenish your coffers as you cruise. Consider
your skills and those of your partner. Do either or both of you have skills that can be utilised for
earning extra income during your cruise?

One of the more obvious earners is chartering; although this is so obvious as to be over
worked when it comes to expectations, it is surprising just how many cruising people make a
success of part time charter. If you have the right boat and perhaps just as importantly, the
right disposition to deal with charter parties or individuals, this possible money earner is worth
consideration. Referring to part time charter; this can mean a couple of weeks per year
for some expense sharing friends or several short charters by strangers who come
recommended to you in one way or another. Unless you are running a full time professional
charter operation, you should choose carefully when deciding who will spend time as a paying
guest aboard your boat.

EARN WHILE YOU CRUISE

Consider you and your partners personal skills. Again the obvious ones include boatbuilding
experience in any material. You may have obtained your boatbuilding experience by building
and or fitting out your own boat. This is a factor worth considering when you are deciding how
you will acquire your boat. The actual building and fitting out of a reasonable sized cruising
boat will certainly add to your marketable skills.

Most tradesman have marketable skills, welders, metal workers, carpenters, plumbers and
electricians will find part time employment not only ashore but among their less handy cruising
contemporaries. If you have some experience with the maintenance and repair of electronic
equipment you will be very much in demand.

Dentists, Doctors Chiropractors and other professionals can often earn worthwhile fees
both ashore and among the cruising population. Some licensing requirements may interfere
with your activities ashore but it is worth investigating in advance where you can legally practice.
You may be able to obtain a licence in those areas you plan to visit. Language skills can be
turned into cash as can secretarial experience. Computer literacy is a definite skill and one
that will always find a ready market. Writing articles and perhaps a book on your experiences
is another possibility; be aware that these latter activities are in a crowded market and are not
that well paid.

USING YOUR BOAT TO GENERATE INCOME
In the planning stage is when you should decide if the boat itself will play a part in earning
income as you cruise. The prospect of chartering may cause you to select a certain type of
layout to allow some separation between the hosts and guests. If you are planning to earn
income from a trade or profession then you may wish to include a workshop or work space in
the accommodation layout. You will have your own ideas of how important the work space is to
your future cruising needs. Do not become carried away with this element; you will be better
advised to make the work area fit the boat rather than choose the boat to fit the work area!
What is all this talk of working when you are cruising? You may be fortunate enough to have
areliable income to cover your costs. Perhaps you can lease out your house while you are
away, you may even acquire a property with that eventual purpose in mind.



It is a wise cruising person who covers many sheets of paper with figures before starting to
look for a suitable vessel. After you have what looks like a workable budget you can start to
consider acquiring a suitable boat to be your cruising home for the future weeks, months or
perhaps years ahead.

‘HOW BIG’, USUALLY REFERRED TOAS ‘HOW LONG’ ?

Over the years my office has dealt with literally hundreds of thousands of enquiries from those
who intend taking up the cruising lifestyle. One of the most asked questions is how big a boat
should | choose. Our reply is always the same, ‘choose the smallest boat that will satisfy your
current requirements.” Will your children want to accompany you when they are past the early
teenage years? Do not expect to have a continual stream of friends and relatives who are
clamouring to join you for various sections of your voyage. Unless you are very wealthy do not
choose a size of boat that will require a crew to assist you in handling the vessel. As for the
upper size range; well set up cruising Sail boats up to 55 ft (16.75 m) can be handled by a two
person crew; this includes a husband and wife combination. How small is too small; one
Canadian couple built and sailed a Roberts designed 18 ft (5.48 m) trailer sailer from Montreal
to Australia; they even took their cat along. Please do not take this later example as a
recommendation.

GUNKHOLING

This term will mean different things to different people. When | think of gunkholing it brings to
mind lazy sailing and exploring in protected bays and estuaries and rivers. For this type of
sailing your cruising boat can be as small as you wish; a considerable amount of this type of
activity is undertaken in open boats. When it is time to anchor at night, a boom cover often
serves as a shelter. Portable gas or primus stove and a bucket may be all of the ‘appliances’
carried on this cruising boat.

The right boat and an inquisitive mind are two important qualifications when considering
gunkholing. Shallow draft is a major benefit when looking at this type of cruising. Once the
water gets really thin you will no longer be able to rely on your depth sounder so you will literally
have to feel you way in many of these areas. Detailed charts of the area you are exploring are
essential, if none are available then it may be fun to make your own thus enhancing the
enjoyment of the current trip plus adding to the enjoyment of future visitors to the area.

Nature watching is one of the many attractions of gunkholes. You may also find unusual man
made oddities; follies, abandoned fishing and other commercial operations, historical relics
and occasionally a human eccentric. On reflection | can claim to have encountered all of the
above and they all bring back pleasant memories.

TRAILER SAILING
The size of your trailer sailer will be restricted by the width limits placed on road vehicles by the
authorities in various countries or individual states. In general the width limit is 8 ft (2.43 m)
however in some placesiitis a little more generous but usually never exceeding 9 ft (2.74 m)
without special permits. As far as the length is concerned, a boat with 8 ft (2.43 m) beam
should not exceed 28 ft (8.53 m) in overall length. Before you restrict yourself to the local legal
trailer width, you may want to consider just how often you really intend to move the boat by
road. Many people find it is easier to leave their ‘trailer sailer’ in the water all season and just
bring it home for winter storage; if this is your situation then it may be more useful to exceed
the trailerable width limit by owning what is a ‘Pocket cruiser’ and obtain a permit to move the
boat to and from the water twice a year.

If you intend to use your boat as a true cruising trailer sailer then you will need to check width
limits and other requirements for the areas where you operate the boat. In the EU (European



Union) these regulations are being harmonised so that you can trail your boat across borders
using one set of rules. This agreement will make trailer sailing much more attractive; you can
take your boat from the UK by ferry and trail it anywhere in Europe (using it as a camper or
caravan along the way) and commence your cruising from some desirable location. You could
even leave your boat and trailer safely tucked up in a boat yard ready for the following season.
If you can not afford a large boat at this time or if you prefer some of the benefits of owning a
smaller vessel including lower initial investment and less maintenance, then a trailer sailer or
pocket cruiser may suit you best.

ACQUISITION CHOICES

In this area your choices lie between buying new, having a boat custom built, purchasing
second hand or building from a hull and deck package or from plans and patterns.

These choices are all effected by your particular requirements. You and your partners present
age, financial situation, family considerations and perhaps the desire to get on with it, can
influence your choice in this matter. Many people who will be retiring in a few years plan well
ahead and have all the above options available. Those with foresight can have the boat ready
for their retirement and enjoy uninterrupted cruising.

BUYING NEW

Buying new is an obvious option. If you buy a new stock boat, you will find that it will most likely

need some modifications and a considerable amount of extra equipment before you are ready

to start any serious cruising. New boats bought off the shelf are usually the least equipped of

all; you will need a hefty budget allowance to outfit your new acquisition. You will have the

gratification of instant ownership (very important to Now people) and of course, if you choose
well, your new boat and its existing equipment should serve you for several years. You should

be able to avoid the large expenses of the replacement of major items such as mast(s), rigging,

sails, engine and the other equipment that either comes with, or is added to the boat soon after

the initial purchase.

CUSTOM BUILDING

Custom building is an exciting way to acquire your cruising boat. This term usually refers to
having the boat built and/or mostly completed by a professional builder. For those with some
boating experience and a patient disposition, this can be the best way of obtaining the cruising
boat of your dreams. You will have the opportunity of being involved from conception to
completion of you boat. Many of you may not have the time or the inclination to become so
intensely involved, however it is a worthwhile exercise if you can arrange it.

If you can manage the project yourself, then there are considerable savings to be made.
With some intelligent planning you can end up with a beautiful custom cruising boat for less
than the cost of an off the shelf equivalent. You can choose an existing design or have a
designer prepare custom plans and patterns. If you are able to source your own engine, mast,
rigging, sails, deck hardware, engine and interior fittings, you can save many thousands off
the cost of the finished boat. Any large chandler or marine hardware store will offer worthwhile
discounts in return for the size of order that you will have at your disposal. It may even be
worthwhile setting yourself up as a ‘boatbuilding enterprise’, this will give you access to trade
discounts.

BUYING A PRE-OWNED BOAT

Buying used is another option but the purchase of a second hand boat can be fraught with
traps for the unwary. The term buyer beware is never more apt than with buying a used boat.
If you are able to deal direct with the owner you may avoid some of the pit falls associated with
this type of purchase. There are many honest and trustworthy yacht brokers and boat salesmen



handling used boats, however there are also many who have received their sales training
selling used cars and the like. You must make sure you are absolutely satisfied BEFORE you
hand over your money. ALWAYS hire a qualified surveyor to check out your boat purchase
before you part with any substantial amounts of cash.

In the USA boats are often documented which is a similar arrangement to the UK Part 1
Register. In the UK Part 1 certificate will be a good way start to proving ownership; make sure
you call the Registrar Generals office in Cardiff to check that the document is current. The
certificate issued by the Small Ships Register is not a proof of ownership but it will be a start.
Another way to check ownership is to contact the yachts insurers and, the harbour master
where the boat is kept.

BE SURE OF YOUR TITLE

It is well to remember that at least in the UK, if you buy a boat from a person who does not
have legal title to the vessel and it is later reclaimed by its lawful owner, you will most likely be
out of pocket and lose your boat and your money. The boat you are considering buying may be
subject to a hire purchase agreement, it may form part of a legal dispute or there may be some
other impediment in the title. Make sure you carefully check builders certificates, bills or sale
and any other documentation that is offered to prove the current ownership.

SURVEYS ARE A MUST

You will often have to pay for the boat to be hauled out before it is in a position to allow for a full
survey. To cut your potential costs, why not conduct a very detailed inspection of the interior,
galley equipment, pumps, heating, batteries as well as mast(s), rigging, sails, dinghy and
electronic equipment before you commit yourself to a full survey. Do not be rushed, do not be
afraid of being a nuisance, take your time. If you have trusted and knowledgeable friends who
have a proven knowledge of things boating, ask their help and advice at this early stage. Do
not ignore advice because you have fallen in love with the boat. Assemble your facts and on no
account part with your cash before you are in possession of all the information as to the boats
condition.

BUILDING FROM A HULL OR FROM PLANS

Building from a hull and deck kit can be an economical way of acquiring a custom built boat.
Many of the cruising boats you will see in far off and exotic locations were completed from a
‘hull and deck kit.” If following the footsteps of others is any indication then this is one of the
most popular ways to obtain a genuine offshore cruising sail boat. Hull and deck packages are
available built from glass fibre; good selection available, steel unlimited selection, aluminium,
treat with caution, and timber, becoming rarer.

Building from plans is the most time consuming option and one which will require some
special skills. If you do not already possess the type of experience that would allow you to
build your own boat then you may be able to acquire the skills you need as the work progresses.
If you are already an experienced welder, woodworker or have some knowledge of glass fibre,
then you are well on the way to assuring that you can build a seaworthy boat.

As steel becomes increasingly popular as a boatbuilding material, we are seeing many more
cruising boats built by owners and workers who gained their experience in small metal shops.
There are many designers around the world who specialise in preparing boat plans and patterns
for those who want to create their own boat. The builders of these cruising boats have the
advantage of knowing every part of their cruising home. Repairs are easier, quicker and certainly
less expensive if you have built the boat yourself. Most people who have self built their boat
have gained additional marketable skills that can extend their cruising lifestyle infinitum.



CHAPTER 3.

CHOOSING THE HULL

Hull types, including keels and other appendages. Selecting a hull type. Formulas and technical
considerations and what they mean. Displacement length ratios and meanings.
Seaworthiness, hull ends, overhangs, hull balance, self steering capabilities with and without
mechanical devices Slipping your hull and the ability to go aground. Raised decks, poop
sterns and anchor wells. Self steering capabilities see also rig and self steering. Underwater
considerations; draft limitations, types of ballast, centre-boards, drop keels, twin keels. Rudder
types; transom hung rudder. Hull construction materials; selecting the hull material and the
choice between glass fibre, steel, aluminium or wood, advantages and disadvantages of
each. Motor sailer hulls.

In days past one could be excused for thinking that there were as many hull types as there
were boats afloat. A visit to any marina will reveal that times have changed; the advent of
series fibreglass production has produced rows of almost identical boats. Many of these boats
are suitable for local and coastal cruising but very few should be considered for long distance
voyaging. Itis a fact that most successful long distance cruising boats will not be found at a
boat show; the most successful long distance cruising boats are purpose designed and built.

To qualify the following paragraphs | must say that in the mid 1960s | designed and built
many one off, fibreglass hulled, cruising boats and we still do. In the early 1970s when petroleum
products became difficult (and in the case of polyester resins), almost impossible to obtain, |
started to design steel boats. In this period (except in Holland) there were very few steel hulled
pleasure boats of any type. Today | would estimate that 50% of the offshore cruising boats that
are actually ‘out there doing it’ have steel hulls and most of these have steel decks and
superstructures as well.

If you are building, having built or purchasing a purpose built cruising boat then you will be
able to choose the construction material you prefer. If you are buying a production boat then
the chances are that it will have a glassfibre hull and you will live with that choice. Awell built
glassfibre hull can provide the basis for a fine cruising boat. In many cases ‘well built’ should
read custom built. It is a fact that many (most) sailboats spend much of their life securely tied
to a well protected dock and provided they can withstand the occasional coastal sail, then
they are deemed to have fulfilled their role. Unfortunately when considering a boat for serious
coastal or offshore cruising one has to assume that sooner or later the boat will have to withstand
all that nature can offer.

There are only a few ‘production’ fibreglass sailboats that can meet the criteria required to
warrant the title of ‘serious cruising boat’. Fibreglass has the potential to be formed into a hull
that can withstand the type of punishment that you can expect your boat to experience any
time you venture offshore. | have sailed in many fine examples of successful fibreglass cruising
boats; most of these were custom and purpose built for serious cruising.

If you are planning to purchase a ‘production’ fibreglass boat then you may be able to intervene
in the building of your boat to the extent of selecting a heavier laminate and additional
strengthening than would be the norm for the particular design. While | have designed and
been involved in the building of many sandwich fibreglass hulls; my personal preference when
considering fibreglass would be for a single skin hull. Why ? Easier to repair, problems if any,
would be more obvious before they require a major repair. The sandwich material does provide



some insulation from heat, cold, condensation and sound. You can add suitable insulation
inside a single skin hull in the areas where it is required (usually above the waterline).

The main advantages of choosing a cruising boat built from fibreglass are, low maintenance
(if buying used, have the hull checked for osmosis), the wide selection of sizes and types
available in both new and used models. You can expect good resale value ( fibreglass is widely
accepted by the average weekend sailor), and finally you may not have to defend yourself for
owning a steel boat. Most readers will feel that | have already covered the disadvantages
above!

When choosing the hull material for a cruising boat my preference is for steel. In my opinion
the advantages of using steel include, super strength (steel will withstand a grounding or
striking a foreign body better than any other hull material), versatility and cost (it is much less
expensive to have a steel hull custom built than is the case with any other material), ease and
cost of repairs (should you have occasion to need repairs to your boat, you will find competent
steel workers in all parts of the world). finally, quite often you will want to modify or ‘Improve’
your existing cruising boat, with steel this is a relatively simple matter. If you are buying a
second hand boat, make sure you have the hull thoroughly checked by a competent marine
qualified surveyor who has experience with and understands the steel construction.

The only disadvantages with steel as a construction material are perceived rather than actual;
for instance you will often be told that steel requires excessive maintenance, not true, a well
prepared and painted steel boat will not require attention for several years. Another
misconception is that steel is heavy; it is a fact that in the 40ft (12.19 m) and above size range
a steel boat will weigh the same as a well built fibreglass boat of the similar length.

Alesser known but potentially fine hull material is Copper nickel; this metal does not rust, is
impervious to marine growth and except for cosmetic reasons never needs painting. Several
fishing trawlers and a few power and sailboats have been built from Copper nickel and they
have been very successful as far as long life and freedom from maintenance is concerned.
Although more expensive than steel copper nickel is worth your consideration if you are building
a new boat that you plan to own for a considerable number of years.

Although it may be preferable to have the hull, decks and superstructure all built from the
same material, there are occasionally good reasons not to adhere to this often quoted rule.
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there are several ways that a boat can move at the same time. Awell designed hull will move
in a considered and expected manner. It will behave in a way where it can provide you with
secure and comfortable living quarters. It will do all of these things while transporting you and
your crew to your chosen destination.

HULL

For the purposes of explaining the various terms related to the hull, assume the hull includes
the keel, skeg and other appendages. Often when one speaks of the hull, we also mean the
decks and superstructure. In this chapter we are concentrating on the hull only and other
areas will be covered later.

Inthe 1970s it seemed that most people considering cruising boats desired a hull fitted with
along keel. There are many types of long keels and some are ideally suited for cruising while
others are totally unsuited; some long keels have very bad habits. The traditional long keel
had the rudder hung directly off the aft end of the keel that was set at an angle. In order to
accommodate the propeller, it was necessary to cut an aperture either in the aft end of the keel
or in the forward edge of the rudder or partially in both areas. For various reasons this
arrangement invariably added an undesirable amount of weather helm. The modern ‘long
keel’ embodies a long fin or a full keel as embodied in the Spray range; with a distinct heel
extending aft from the bottom of the keel, the rudder is then vertical and supported at the lower
end by the heel (see sketch). This latter ‘long keel’ arrangement where the rudder is further aft
and separated from the keel in most cases results in a well balanced hull. (see Keels).

Canoe sterns and other double enders were also highly thought of at one time and are still
highly regarded in some quarters. Some of these boats could trace their heritage back to
Scandinavian origin, again enhancing their appeal to the embryo cruising yachtsman. Today,

ABOVE: Roberts 432 radius chine hull. Note all TACKED together before full welds are run.



potential cruising people are better informed and most ask searching questions before making
a final choice of design or hull configuration.

Although not strictly accurate in nautical terminology, the terms stern and transom are often
used to describe the aft end of the hull. Not all sterns have transoms. Most sailboats today
have either a traditional transom or reverse transom stern. One relatively recent development
is the advent of the ‘Sugar scoop’ stern which incorporates a vertical transom within a reverse
angle ending to the hull. This arrangement usually features steps for re-boarding from the
water or when the boat is moored stern-to in European fashion.. The reverse transom is also
often fitted with boarding steps that are built into the transom itself. The above comments have
been included as it would be easy to overlook one of the most important benefits of the reverse
transom.

Listed in this chapter are some of the terms you will encounter when discussing various hull
forms. If you are already knowledgeable in these names and their meanings then feel free to
surf through this section. Understanding the water lines is always important and more so if
you are building a new boat or buying new and have access to a set of hull lines. This set of
drawings is commonly referred to as the lines plan. To fully understand the content takes
considerable experience, however there is much vital information that can be understood by
all. Alines plan generally consists of three views of the hull; body plan, profile and plan view.
The hullis bisected by the stations, water lines and buttocks; see accompanying drawings.

By studying the lines and relating these to the hydrostatic information that normally
accompanies the drawings, you will be able to learn a considerable amount about how the
boat will perform in a variety of conditions under both sail and power. If you do not have the
experience to make some sense out of this information then seek the help of a knowledgable
friend. If you have engaged the services of a naval architect or qualified yacht designer then
you should act on his advice; it would not be polite to seek advice from another designer. If you
don’t trust the judgement of your chosen professional, change to another with new lines etc.

CANOE BODY

The main part of the hull excluding the keel and skeg is sometimes used by designers for
separate calculations with or without the keel attached. The canoe body can be flat floored
(relatively flat on the bottom) or moderately veed through out its length.

CANOE STERN

This a term used to describe a certain type of stern. The true canoe stern would be more
pointed than a stern so described today, and even a stern best described as having a golf ball
shape, is sometimes described as a canoe stern. Sometimes also referred to as a double
ender, this type of hull is not as popular as it was a 10 to 15 years ago.

LENGTH

This should be a simple indication of the size of a hull in at least one dimension, however
even this simple term can be confusing. The terms length over all,(LOA) and length over
deck (LOD), are often confused. Length overall in its true meaning is the actual length of the
hull including bowsprit or boomkin and any other items that extend beyond the hull. Often the
term LOA is used to express the length of the hull only; this is incorrect and our own design
office has been guilty of this mislabelling. Sometimes a design has several sail plans and
these involve bowsprits of different lengths so it more accurate to ignore these items when
stating the length.

Make sure you understand the true length of the hull; in its true expression it should read
LOD or length over deck. There is another associated term, LPD, length between
perpendiculars, which is often used to describe the length of the hull when boats are ‘built to
class’ such as Lloyds rules, the American Bureau of Shipping or the more recently introduced



European Boating Directive. This measurement indicated in a brochure or advertisement, is
usually the same as LOD. One sure way to ascertain just what you are getting for your money
Is to measure the boat yourself.

WATERLINE LENGTH

This measurement is usually expressed as LWL or DWL load or designed waterline length.
The waterline runs from where the bow enters the water to where the stern or aft canoe body
and the water meet. The designer usually shows it from station O to station 10. This is the
designers educated guess of where the waterline will come to on the hull. Many boats are
advertised with a stated displacement and waterline length that may not be relevant to the
actual boat cruising in trim. (See Displacement.)

BEAM and WATERLINE BEAM

These are BOA and WB respectively. Beam overall or beam (max), are used to express the
widest part of the hull; usually at the sheer or deck line and near the longitudinal centre of the
hull. In boats with tumblehome (that is where the widest part of the hull is below the sheer) the
widest beam will be below the sheer or deck. WB or BW expresses the widest beam at the
waterline, usually located a little aft of the location of the widest BOA.

DRAFT

More correctly spelt draught this measurement represents how much the hull draws, or in
simpler terms the amount of hull and appendages that will be under the water. In the case of
a centreboard or drop keel hull there will be usually two alternative measurements shown, one
to represent the draft with the keel raised and the other for the maximum draft with the keel or
centreboard in the down position. In the case of a fixed keel sail boat the draft will include the
keel. The draft may vary depending of the loading of the hull; number of crew, state of the fuel
and water tanks and the amount stores on board, can all affect the draft.

DISPLACEMENT
To those of you who have heard the joke about the three most often told lies, | add a fourth,
displacement. The true displacement of the hull is the actual weight of the entire boat including
the ballast keel, stores, water, fuel, equipment and crew. Usually the true displacement (when
known) will be shown in long tons (2240 Ibs = 1 long ton) or tonnes, kilograms or even in cubic
feet (35 cu ft of sea water = 1 long ton). As fresh water weighs only 62.4 Ibs per cu ft, your boat
will draw more in fresh water. The reason that the true displacement figure rarely appears in
reviews and published information about most sail boats is that light displacement has been
held as a virtue in some quarters. | do not agree but consider moderately heavy displacement
to be a desirable feature for a cruising vessel.

Within certain limitations, the heavier the designed displacement, the more stores, water
and fuel the boat can carry without adversely affecting the performance. The worst combination
is an overloaded light displacement cruising sail boat. (See also Displacement length ratio.)

CENTRE OF BUOYANCY and CENTRE OF GRAVITY

Usually shown respectively as CB and CG, these terms refer to the centre of the displacement
of the hull. If the hullis to float level as designed, then the CB must be directly over the centre
of gravity (CG). The boat will change trim until the actual CB is over the CG. For example if
you add in items such as a new water tank, heavy anchor chain or davits, then you will change
the centre of gravity of the boat and the trim will change until the CB is directly over the CG.

CENTRE OF FLOTATION
Usually expressed as CF, this is the centre of the area of the waterline. If you take a slice
through the hull exactly on the waterline and then find the centre of the area of that section



then that is the CF of the hull. On most hulls the location is a little aft of the CB and like the CB
the CF is usually shown as a distance aft of the bow or as a percentage of the waterline aft of
station 0.

POUNDS PER INCH IMMERSION or KILOS PER CENTIMETRE IMMERSION

These are shown respectively as PP/l or K/ICM. These terms indicate the weight in either
pounds or kilograms required to sink the hull evenly in the water either one inch or one
centimetre. In almost all hulls as the hull widens above the DWL so the number increases
proportionally as the hull sinks past its designed waterline.

WETTED SURFACE

Shown as WS, this indicates the wetted surface area of the hull below the waterline. Some
designers place a great importance to this figure stating that the greater the surface area of
hull that has to be pushed through the water the less performance can be expected from the
particular hull. As there are many other factors that contribute to the overall performance of a
cruising boat, you should not put too much importance on this number.

PRISMATIC COEFFICIENT

Usually indicated as PC or CP this is a figure that represents the underwater portion of the
hull as follows; if you take a block of wood that has the maximum length, width and depth of a
the hull with the shape of the midsection carved throughout its length and then carve the
underwater shape of the hull from this block; the CP is the relationship of the volume of the
finished block as opposed to the block originally carved to the midsection shape throughout.
The number represents the fuliness of the ends of the hull. The more you carve away the ends
the smaller the PC number. PCs can range from just below 0.50 for a fine racing hull through
to 0.70 or more for a motorboat. Most cruising Sail boats will have PCs that fall between 0.53
and 0.59

CENTRE OF LATERAL PLANE or CENTRE OF LATERAL RESISTANCE

Known as CLP or CLR these terms refer to the geometric centre of the underwater profile of
the hull. If you were to attach a line to this exact point and tow the hull sideways then the hull
should move through the water without turning one way or the other. This calculation is used
when laying out a sail plan.

CENTRE OF EFFORT

Known as CE, this the other equation needed by the designer when matching the sail plan to
the hull. The CE is the geometric centre of the sail plan usually calculated by adding the area
of the fore triangle and the main (and mizzen if present) and calculating the centre of all sails.
Itis usual to place the CE of the sail plan ahead of CLR. The amount of lead depends on many
factors, and these calculations are best left to an experienced designer.

DISPLACEMENT LENGTH RATIO
Commonly called the D/L ratio it is calculated by taking the displacement in tons and dividing
by 0.01 DWL cubed or Dt/ (0.01 DWL)3 or as follows:

Displacement in long tons (2240 Ibs =1 long ton)
D/L ratio = (0.01 DWL) 3
The resulting figure can compare the fullness of hulls. Each designer has his own pet theory
as to the ideal D/L ratio for boats intended for different purposes. The ratio may vary depending
on the waterline length so one has to consider this figure only in conjunction with other factors.
For most cruising boats the D/L figure usually lies between 280 and 420,.cruising boats need




adequate designed displacement. Overloaded cruising boats will have heavy displacement
whether you like it or not, so make sure your cruising boat was designed to carry the large
loads that form part of any cruising experience.

Size is not everything, however you may decide to start with the largest hull that your budget
allows. The main thing, is to not over extend your budget; we have all at one time or another,
allowed ourselves to become ‘house poor’; do not extend this thinking to your boat. You can
not assume your children or friends will want to cruise with you on a long term basis. Unless
you plan to charter, do not allow the ‘guest cabin or spare berths’ to dictate your choice of size
of hull or interior arrangement.

RESISTANCE

While you will be relying on the wind to drive your boat in the desired direction, there are many
other related factors working against your intentions. One speed limiter is wind resistance
caused by the wind drag on areas such as hull topsides, superstructures, mast(s) and boom(s),
rigging etc. While racing yachtsmen are always searching for slimmer spars and rigging and
lower profile hulls and similar areas of drag reduction, these options are often not compatable
with cruising boats. There are many other areas of your boat which cause resistance, for
example skegs, feathered or free-wheeling propellers etc. In all cases you will need to weigh
up the benefits of reduced resistance as opposed to loss of living space, ultimate strength and
other desirable features of a successful cruising boat.

Now that we have a range of terms to refer to, let us consider the different types of hull that
may be suitable to contain your ideal accommodation layout while providing a safe and
comfortable vehicle to transport you and your family to your desired cruising locations. By this
stage you should have decided on your cruising goals and have a preliminary budget so you
can eliminate unsuitable hulls from your calculations.

KEELS

This term covers the part of the hull below the canoe body. The keel may be part of the hull in
that the hull sections flow smoothly from keel to hull (some times described as a hollow heel).
In other cases the keel and hull meet at a definite angle. Keels may be subdivided into long
keel, long fin keel, fin keel, drop keel, centreboard keel, wing keel, bulb keel, twin keel and
bilge keel. For the purposes of discussion let us consider twin keels as keels that carry ballast
and where a centreline keel is eliminated and replaced by the twin keels. Bilge keels are
usually simple plates placed outboard at about 25% waterline beam, and are accompanied by
a centre line ballasted main keel.

Keel glossary: Root chord= Horizontal line at the top of the keel span or length along the top
of the keel where it joins canoe body). Tip chord = Horizontal line at bottom of the keel span or
length of bottom of keel). Span = Distance between root chord and tip chord or simply the
depth. Mid span foil = Shape of foil at half way span or shape of foil halfway down the keel.
Vertical CG of ballast = Vertical location of the centre of gravity of the ballast. Leading edge
sweep angle = The leading edge angle measured from the vertical. Trailing edge angle =
Angle of the trailing edge measured from vertical, may be positive (top aft) or negative (top
closer to bow). aspect ratio = Ratio of keel depth to averaged or mid span length or D x MS =
Aspect Ratio

When you start considering what type of boat will best serve your particular requirements,
you will need to decide, whether you prefer a long or short keel hull. There are a variety of sub-
types within the two broad definitions. Maximum draft will be an important consideration and
this is one of the first subjects raised by most clients when they are considering a stock or
custom design. Unless you are planning to undertake most of your cruising in particularly
shoal waters, you should consider the ‘one fathom line’ when deciding on a suitable draft for
your boat. As one fathom equals 6 ft (1.83m), we can assume that any draft under 6 ft or say



2 metres is a reasonable compromise. Considering draft verses length of hull, you can assume
that most hulls with a LOA of under 50 ft (15.24m) can be arranged to accommodate a draft of
6 ft (1.83 m) or less.

Itis our experience that drop keels or centreboards do not make ideal cruising partners. On
the KISS principle, it is easy to see that any keel that requires constant attention, as in the
case of drop keels and centreboards, is particularly vulnerable to damage.

SHORT FIN KEELS

Current thinking amongst the racing fraternity is that a fin keel with a narrow span (fore and aft
dimension) and deep draft and with most of the ballast in a bulb, offers the best performance.
This type of keel is difficult to engineer and would be easily damaged when going aground. It
is virtually impossible to slip in remote areas. Needless to say that a boat fitted with this keel
would also be impossible to beach, and it also results in a draft that is too deep for many of the
worlds most popular cruising grounds. This keel arrangement is totally unsuitable for a cruising
boat.

Do not choose a keel that is too thin in section (plan form). Short fins (span or profile view)
and thin foil sections (plan view) are normally accompanied by deep draft; all undesirable
features in a cruising boat. There are many acceptable foil sections that can be used to design
a cruising boat keel. Each boat designer has his own pet group of foils and it is not necessary
for you to make an in depth study on the subject. If you follow the advice above you will be off
to a good start.

LONG FIN KEELS
When considering a hull with a short keel (suitable ones are generally referred to as a long fin)
you should look for one where the keel length at the point where it joins the hull, is between 30
and 40% of the waterline length. For example on a hull with a 30 ft (9.14m) waterline the root of
the keel would measure between 10 ft (3.05m) and 12 ft (3.66m). This is only intended as a
rule of thumb, as mentioned above any keel substantially shorter than 30% of the waterline
length will have many disadvantages when cruising.

On a cruising sail boat fitted with a fin keel this should be accompanied with a skeg and
preferably one that includes a fence. Make sure the skeg has a generous fore and aft length
where it joins the canoe body. The skeg to hull join can be improved strength-wise (at the
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ABOVE: This ballasted drop keel can be used in the New York 65 and in the Roberts 434. This type
of arrangement should be avoided unless it is necessary because of extremen draft restrictions etc.



expense of a small loss of performance) by the addition of a fillet running fore and aft and at 45
degrees to the canoe body and the skeg.

TWIN OR BILGE KEELS

Twin keels, this term generally refers to twin ballasted keels with no centre keel. Bilge keels
can be similar but with the addition of a centre keel; the ballast can either be in the centre keel
or divided between the three appendages. Bilge plates are often erroneously referred to as
bilge keels, however usually this type of arrangements consists of a centre keel containing all
of the ballast and twin bilge plates that may be simply bolted on to the hull.

In the early days of twin keels, there were some interesting cases where the twin keels sank

into the muddy bottom, a not unusual occurrence with any keel, however in these occasions
when the tide rose the keels detached themselves from the hull and remained firmly stuck!
Fortunately better construction technigues have eliminated such happenings.
Twin and bilge keels have enjoyed a long popularity in the UK. Due to many of the anchorages
and harbours drying out at low tide and in some cases mud berths being the only type of
mooring available, this type of keel seemed the only answer. Several head to head tests have
been conducted where similar hulls were fitted with twin keels, centre keels and centerboards
and sailed together. In these tests the single keels usually came off best followed by the
centre-boarders and with the twin keeler turning in the least impressive performance.

If your cruising demands you have use ‘drying out’ mooring and you are worried about the
complexity and some of the other disadvantages of centreboard or drop keel boats, the twin
keel configuration may be your best choice

BULB KEELS AND FLARED KEELS

The bulb keel that I would consider suitable for a cruising boat is not one of those affairs hung
on a long (deep) thin (plan form) keel but rather a thickening of the keel at the bottom of a
regular short or long fin as described above. The idea of a bulb is to get the ballast down
where it will have best affect in adding to the stability of your boat. A bulb need not be a bulb
but the lower part of the keel can be flared to accept more of the ballast down at the bottom of
the keel. | have been experimenting with this type of keel and the initial results are promising.
The patented Scheel keel is another example of this type.

WING KEELS

Wing or winglet keels can provide a good way of decreasing the draft, however unless they
are carefully designed they can be prone to becoming entangled with any stray ropes, kelp
and similar items that may be lurking just below the water. Another problem for those whose




boats dry out, is that unless the keel is designed to prevent this, the suction that can be set up
between a wing keel and a soft muddy bottom can result in the keel wanting to stay put.
Providing you are aboard at the time, then rocking the boat side to side can usually overcome
this problem. Wing keels should be relatively thick and should be designed so they are
adequately jointed or part of the main keel structure. The long thin versions that are seen on
some racing sailboats have no place on any cruiser. Do not rule out a wing keel, just consider
the options carefully, before making the decision to incorporate this feature on your boat. A
wing keel may be designed so that it is more of a bulb as described above than an actual wing
in shape.

LONG KEELS
There are three distinct types of long keel and many sub types however in my opinion, only two
of these main types are suitable for cruising boats. Firstly, eliminate the undesirable type of
long keel; that is one where the aft end of the keel has a considerable rake, sometimes as
much as 45 degrees from where the aft end of the keel joints the canoe body. The bottom of
the aft end is nearer the bow. Often the rudder is hung directly on the aft end of this keel. The
nett affect of this arrangement is that the action of the rudder tends to have a twisting rather
than a turning motion and expends some of
T = its effort to turn the bow down and stern
JENER / upwards rather than simply steering the hull.
There are two types of long keel that make
excellent cruising partners. The first is
TypItiea In tne spray nuil. 1 nis Keel I1s easily 1aentified by the fact that it runs full length of hull
from the forward end to where it blends into the stem and then drops gradually so that the aft
lower end is a greater distance from the waterline than at the forward end. This is a very
traditional keel arrangement favoured for the past 200 years in fishing boats and other work
boats of the past . ‘The sea does not change’ and any proven and successful hull type is
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ABOVE: Roberts Sprays have a typical 19th Century long keel - this works well despite the
shallow draft offered by this type of hull and most importantly, it is well proven in practice.



worth consideration, especially when it has evolved over the past 200 years.

The second long keel type that | favour is best illustrated in the, Maurice Griffiths new
Golden Hind 34, Tom Thumb 26, Roberts 432 and similar long keel designs. These keels
feature a well cut away forefoot to balance the fact that the bottom of the keel is level with the
waterline; this all has to do with the area in profile of the keel and the relationship with its fore
and aft location relative to the waterline of the hull. If the centre of the area of the keel is too far
forward then an undesirable amount of weather helm is almost a certainty.

Another feature of this type of long keel / canoe body combination is the sizable open area
between the aft end of the keel and the forward end of the vertical rudder. The resulting large
aperture has many advantages including allowing a generous space between the propeller
blade tips and the canoe body and the heel. The large aperture provides excellent protection
for the shaft and the propeller.

WATER BALLAST

This type of ballast as the name suggests consists of water that is held in tanks usually
located towards the sides of the hull. The tanks are connected by one or more large diameter
pipes and a pumping arrangement so that the water can be transferred from one side of the
boat to the other. The windward side tank is kept full thus adding to the stability of the boat
when sailing to windward; on or during tacking the water is transferred to the other side.
These arrangements can have some benefit in a trailer sailer or similar small sailboat. The
inability to tack quickly, the chances of the boat being unprepared in the event of a sudden
wind shift are just two of several the reasons water ballast is unsuitable for any offshore
cruiser.

SKEG

This appendage is located near the aft end of the waterline and ahead of the rudder; its
purpose is to enhance the effectiveness of the rudder. Skegs are of varying widths (in profile)
but only 10% of the area ahead of the rudder is considered as effective in helping the rudder
to steer the vessel; the remainder of the skeg makes an important contribution to the boats
directional stability. Skegs can be vulnerable to damage so they have to be builtin such a way
as to withstand grounding and being caught in underwater obstructions such as fishing nets
etc. From the mid seventies to recent times | was a strong supporter of the longish fin keel
and skeg combination. There are no doubts about their effectiveness in helping to steer the
sail boat. More recently | have decided that a modified long keel fitted with a substantial heel or
s h o e
combined with
a separately
hung rudder
may be a
better option.

FENCE

A fence is a
worthwhile
addition to any
skeg it is a
centreline fin
that runs

ABOVE: Roberts Safety Skeg is recommended if you build a boat in-
corporating a skeg and a long fin keel. Available on Roberts designs.



between the upper leading edge of the skeg and sometimes as far forward as the aft end of
the keel. The object of the fence is to add strength where the skeg joins the canoe body and
also to add additional directional stability to the hull. This appendage is sometimes retro fitted
to assist in the correction of weather helm.

HEEL OR SHOE

These terms when used in conjunction with the keel refer to the aft extension of the keel which
is used to support the lower rudder bearing and forms the aperture between the aft lower part
of the keel and the rudder. As mentioned elsewhere, this arrangement is finding favour with
more cruising yachtsmen who are familiar with the shortcomings of other keel-aperture-rudder
arrangements. (See also Aperture.)

APERTURE

Sometimes referred to as the propeller aperture. The aperture is where the propeller shaft
and the propeller are often located when the boat is fitted with a skeg or a long keel/heel
combination. Apertures can take many forms and in times past they were just large enough to
accommodate the propeller with a small clearance all round. If the clearance between the tips
of the propeller blades was too small then severe cavitation could result. In designing skegs at
one time we used to try and arrange the aperture in the skeg; sometimes this made the skeg
weak and vulnerable to damage. Neither is it a good idea to cut away the rudder to form part of
an aperture. The answer was to have the propeller shatft exit the hull ahead of the skeg however
this removes the protection for the propeller that was a desirable feature for a cruising vessel.

ABOVE: This type of rudder is a BAD idea on a sailboat. You should build your rudder so it is
airfoil shaped in section; this rudder could be greatly improved by plating each side of the webs.



RUDDER TYPES
The rudder type will often be governed by the keel and transom choices. If your hull has a
transom that is located close to the aft end of the waterline then you may consider a transom
hung rudder. While this does make a satisfactory cruising arrangement, it is seldom practical
because most modern cruising hulls have either a reverse transom or an overhanging stern.
Rudders come in many shapes and sizes and it is worth understanding the terminology
before considering which type of rudder is best suited to pointing your cruising boat in the
right direction. If your rudder fails, then you may have to consider other methods of steering
your boat. Although rudders have been located at just about every possible part of the hull, we
will consider only those that are near, or at, the aft end of the waterline.

TRANSOM HUNG RUDDER

This is a rudder that is usually attached to or hung on a transom or canoe stern and is attached
to the hull by way of pintles and gudgeons. This arrangement has the advantage that it is easy
to ship and unship for repair or for allowing the propeller shaft to be removed. To use this
rudder you will need a hull where the transom and aft end of the waterline terminate at or near
the same point. One disadvantage is that this precludes aft overhangs which can provide
additional waterline
length when the boat is
heeled. Usually transom
hung rudders have a
fixed blade but may be
combined with one of
the shoal draft varieties.
(See shoal draft rudder.)

SHOAL DRAFT
RUDDERS

These are sometimes
seen on centreboard or
~ drop keel boats. The
~ bottom half of the rudder
is arranged like a kick-
up centreboard; the
blade will raise itself with
or without assistance in
the event that the boat
. isaboutto go aground.
. This type of rudder is
- found on coastal
~ cruisers that frequently
- sail in shoal waters.
- Another version will
~ have a dagger board
. blade, similar to a
dagger centreboard; the
disadvantage of this
type is that it can easily
be damaged or broken
if itis not raised in time.

ABOVE: This type of rudder is a good idea on a long keeled sailboat. Sturdy heel, flanged fittings
for easy removal; rudder is a good shape and plated both sides and propellor tube is nicely faired.



BALANCED RUDDER

This is a rudder where a portion, usually between 5 and 10% of the blade area, is ahead of the
rudder shaft. The idea is to correct weather helm and/or make the steering lighter. My opinion
is that balanced rudders only hide a problem rather than correct it so be cautious when you
see a hull with this type of rudder. Another problem with balanced rudders is that when the
rudder is turned more than a few degrees, it can act as a brake.

SKEG HUNG RUDDER

This is arudder that is aft of a skeg. The effect of this arrangement is that the skeg enhances
the effect of the rudder while providing directional stability and enhanced windward performance.
Stay away from arrangements where the skeg is only half the depth of the rudder and the
bottom half of the rudder carries some balance; this arrangement is notorious for catching
stray ropes and lines and playing havoc with your steering.

HEEL OR SHOE SUPPORTED RUDDER

This rudder is usually arranged with the bottom end of the rudder shaft supported in a cup
bearing located on the heel. The upper end of the rudder shaft enters the canoe body at
around station 10 (aft end of the waterline). This rudder is usually not balanced. The whole
arrangement forms a closed box (in profile) where the shaft and propeller are protected from
damage from the many objects floating on or near the surface of our oceans. For cruising
boats, this is one of my recommended rudder arrangements.

TWIN RUDDERS

Sometimes used on twin keel or on drop keel types and often combined with twin steering
wheels. The idea is the leeward rudder is always in the optimum location to give maximum
steering control. In practice twin rudders on sailboats are more trouble than they are worth.

Y -‘-‘-!h-_ ok m
ABOVE: Here we see SPADE rudders which in my opinion are best suited to powerboats !




SPADE RUDDERS

As the name suggests, shaped like a spade and are hung on rudder post or shaft. These
rudders usually have 5% to 10% of balance and are often seen on racing sail boats. As these
rudders are unprotected by any skeg or heel and are unsupported on the bottom, they are
more suspectable to damage than most other types. Not my idea of the ideal cruising rudder.
In the rarefied air of sail boat racing these rudders rule supreme; the variety of shapes is only
outnumbered by the claims made for some designers latest creation. Recently spade rudders
shaped to mimic a sharks fin (up-side down) was the hottest item; later the designer decided
that for optimum performance the aft end of the keel should match the inverted sharks
appendage. This latest thinking seemed to disappear after one season.

HULL ENDS AND OVERHANGS

Over the years there have been many theories as to the best shapes for the ends to the hull
and the correct amount of overhang at the bow and the stern. For those not totally sure what
the above terms mean here are some definitions. The hull ends refer to the forward end,
forward overhang and area about the bow, and the aft hull end generally refers to the area
including over hangs and area around the stern.

The period from well before the Second World War through to the 1960’s spawned hulls
with longish overhangs; extreme examples had an length on deck twice that of the waterline.
Many of these boats were designed to a racing or rating rule; the theory was that as the boat
heeled it picked up considerable (free) waterline length and so ‘beat the rule.’ Cruising boats
built during this period often mimicked the inshore and offshore racing boats of the time. The
Cruiser/Racer or Racer/Cruiser was a product of this type of thinking and as with many other
things built to please all, these boats often pleased no one; too slow to make a good race boat
and too wet or otherwise unsuitable for serious cruising.

Fortunately at the present there is a more distinct division between sail boats designed and
built for racing and those designed and built for cruising. Moderate ends are the rule and it has
been conclusively proven by thousands of long cruising crews that a boat with moderate ends
makes the best sea boat.

ABOVE: This Roberts 342 has a fin keel combined with a skeg and rudder - great for local cruis-
ing and round the bouys racing but not for round the world cruising. The Roberts 342 does have
alternate keel arrangements that ARE suitable for serious offshore voyaging.



MOTOR SAILER HULLS

The term motor sailer used to mean a boat best described as a 50/50 that is 50% motor and
50% sail. Occasionally one would hear boats referred to as 60/40 or by some similar definition.
Today this distinction has been blurred to such an extent that | am not sure the term has any
true meaning at all. As it is a term you will encounter when you go out searching for your
cruising boat we had best decide what most people mean when they refer to a boat as a motor
sailer. To add more confusion to the definition of a motor sailer, we now have a similar expression
being developed as part of the new (European) EU Boating Directive.

My interpretation of the term motor sailer is best expressed by the Pacific Coast Fisherman
40. The PCF 40 is a motorboat (pure displacement hull, with a fishing boat heritage) that has
been fitted with a modest but effective sail plan (one recently sailed from Australia to Ireland).
Having mentioned the exploits of one PCF 40, | hasten to add that | would not recommend this
type of boat as a serious long distance passage making vessel, but rather as one ideal for
coastal cruising. Needless to say planing hull power boats are not suitable for conversion to
motor sailers; this has been tried by some UK and US boat building companies that should
have known better; the results were less than satisfactory.

More recently you are likely to hear the term motor sailer applied to a variety of sail boats
equipped with a varying sizes of auxiliary power. Considering the term motor sailer in its more
recent usage | would say that a boat fitted with an engine with a capacity of more than 2.5
horse power per 1,000 lbs displacement, (1.82 Kw per 454 kg) might be termed a motor
sailer.

You will need to consider the hull form rather than the general terminology, when you are
making your decision as to which hull is most suitable for your particular type of cruising. If
you are considering cruising the canals of Europe with the odd foray into the Mediterranean,
then a motor sailer in its true context could be the right choice for you.

ABOVE: Not all motor sailers are this obvious, the ‘Pacific Coast Fisherman 40’ as its name
suggests is based on a displacement fishing boat hull. One recently *sailed’ from Australia to Ireland.



CHAPTER 4.

DECKS AND SUPERSTRUCTURES

General configuration and layout above the deckline. Decks and Superstructure
arrangements; centre verses aft cockpit, raised decks, raised foredeck, raised poop or raised
midship layouts. Pilot houses. Window and port sizes. Hatches; types and sizes. Deck
covering. Llifelines, Pulpits and Pushpits.

This chapter is an OVERVIEW of the subject of Decks and Superstructures; the actual building
process will be dealt with in the individual chapters covering building in the various materials.
You may already have a favourite deck arrangement; by arrangement | mean you will choose
between centre or aft cockpit, trunk cabin or flush deck, open cockpit or pilot house. Perhaps
you prefer a raised deck either forward,
amidships or aft by way of a poop stern.
The boat you are considering may have a
combination of two or more of the features
outlined above.

This Roberts 36 features a raised
foredeck.

If you are having a boat built or are otherwise in a position to choose the construction material
for your deck then you will want to consider the following: In most boats the construction
material used for the decks and superstructure is the same as that used for the hull.
Occasionally you may want to vary this convention but do proceed with caution. One excellent
combination is to utilise a special fusion strip to match an aluminum deck and superstructure
to a steel hull. For slogging through unknown waters there is nothing like a steel hull; for
saving weight, ease of construction and general suitability, aluminium is tops for decks and
superstructures. If you can not afford aluminium then an all steel boat would be my next
choice.

PLYWOOD DECKS AND SUPERSTRUCTURES

Using timber and/or plywood to build decks and superstructures is not a good idea; no matter
how careful you are at the construction stage you will most certainly have problems in later
years. Rot is the problem; | was once very forcibly taken to task by a person who read the
words 'dry rot’ in one of my Boatbuilding books; | am still talking about ‘dry rot’, even though it
is usually damp in appearance.

FLUSH DECKS

In the past flush decks were considered by many to be a desirable feature of any cruising boat
that was intended to be used for serious offshore passage making. Most arguments advanced
in favour of flush decks were based on the idea that the integrity of the whole hull and deck
was better preserved by the elimination of raised cabin sides, short deck beams, trunk cabins
and similar structures. This argument could be sustained when boats were built mainly of
timber. Today most boats are built of either fibreglass or metal (steel, aluminum or copper
nickel) and it is much easier to build a single homogeneous structure. The development of



The flush deck version of
the Roberts 35can be be
builtin fiberglass or steel
and has proved to be a
popular choice for those
who favor this arrange-
ment.

modern adhesives has improved the structural strength on modern timber boats so even if
you choose this material you are not restricted to flush deck or any other particular arrangement.

Although flush decks are no longer considered an absolute necessity for the ultimate cruising
boat; this type of structure can be used to advantage either in part (see raised decks, poop
decks and the like) or in total for certain types of boats.

The disadvantage of a totally flush decked boat is that in the unlikely event of a 180 degree
total capsize, this type of hull will take longer to right itself than a boat with a cabin structure.
Another drawback is that there are less opportunities to install hand holds as installed on most
cabin tops. Personally | feel more exposed on a flush decked hull than on a boat with some
superstructure providing shelter and handholds as one moves about the deck.

At time of writing the EU Boating Directive is still under final development. However | am of
the opinion that it will not look kindly on flush deck designs due to the additional stability when
in the inverted position. Until the final draft of the directive is available we can only speculate
as to the direction of future design trends that will be generated by this legislation. So far we
have been considering total flush deck boats, now let us consider the areas where partial flush
decks may be appropriate.

PARTIAL FLUSH DECKS

A sensibly designed raised foredeck can add additional room both actual and perceived, to the
fore cabin of any cruising boat. The fore deck should not be so high at the bow so as to
interfere with the forward vision of the helmsman. A step down in the deck height near the bow
incorporating a well, can offer protection in an area where you will be handling the anchor and
gathering in headsails.

The raised poop stern has gained considerable favour in recent years and thousands of
cruising sail boats feature this arrangement. This structure is usually combined with a centre
cockpit and often accompanied by a pilot house. The poop deck is achieved (at the design
stage) by simply moving the aft cabin sides to the outside of the hull or by raising the hull sides
in this area. One has only to go below on a boat featuring a raised poop stern to appreciate the
spacious feeling offered with this arrangement. The raised poop usually makes it easier to
incorporate an ‘en suite’ shower and head, a very desirable feature especially if the crew
number more than two persons. Another feature often accompanying the poop stern are larger
than usual aft cabin windows (one could hardly describe most of them as ports) which are
often incorporated into the overall design. (See ports and window openings.)

Afew boats are built with raised deck amidships. In a small to medium sized cruisers this
arrangement can add considerable room in the main living area of the hull. Other advantages



Incorporating a Poop
deck into the design is
another way to provide
a spacious aft cabin
and is often laid out as
the master suite in
when this arrangement
is featured.

of this feature could include the extra working area on deck especially around the mast. It may
be possible to incorporate a clear stowage space for an upturned dinghy.

DECK COVERINGS

Your deck will need some form of treatment to provide a non slip footing as you move about the
boat. If you boat is fibreglass then it may have a ‘non-skid’ pattern moulded into the fibreglass;
however | have yet to see a satisfactorily moulded fibre glass non-skid arrangement on any
boat.

The least expensive treatment to make a deck safe to walk on, is to apply a special paint
which contains a grit to provide the non-skid surface. Many steel boats use this paint/grit
combination and provided it is installed in a proper manner it can work well and still look
attractive. When installing a painted non-skid surface you should leave small borders around
various fittings and alongside the cabin, inside the bulwark etc., which do not have the grit
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Here we see a good example in the use of composite deck tread material that has been thoughtfully

laid out on this steel Roberts 434 that was built in Sweden.
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added. Be careful how you lay out these un-gritted areas as you do not want to leave skid
inducing shiny spaces in high traffic areas. If the un-gritted areas are no more than 1 1/4"
(320 mm) wide around any feature then you should not have a problem; you can always fill in
any problem spaces with gritted paint.

The next step up in cost and appearance is to use a deck covering like ‘Treadmaster’ or a
similar product. These coverings are composite materials formed in patterned sheets suitable
for gluing to your deck. When laying out this covering you should use a similar pattern as
suggested for painting decks with gritted material. Available in a range of attractive colours,
these products are bonded to your deck with a special glue that is complimentary to the
particular product you are installing.

The diamond pattern on some of these sheet products can be hard on your bottom or other
areas that may come into contact with the deck; do not use it on cockpit seats or similar
locations. There are alternative less harsh patterns that can be used where a user friendly
non-slip surface is required.

At the top of the desirable decking material league is a laid teak deck. Teak is used on the
best laid decks however there are other suitable species of timber that can be used for this
purpose. In Australia the local Beech is often used and | have seen Douglas fir laid decks in
vessels builtin the USA. The advantages of a laid deck are that it provides a sure footing when
wet or dry, it offers additional insulation, gives your boat a ‘finished look’ adding to the resale
value by at least as much as the original cost of the decking. If you can afford it, teak is the
best.

As the laid deck is almost always installed over a substrate deck; the teak can vary in thickness
from one quarter inch [6 mm] or less to one inch [25 mm)]. The method of fixing the teak deck
will vary depending on the material used to build the regular deck. If you are building a new

This teak deck is installed on a Roberts 432 built in the UK and is a good example of what can be
achieved by carefull planning and layout combined with fine workmanship as shown here.



RIGHT:

Here is a closer view
at the shiding hatch
and garage.

ABOVE:

We have seen this coaming
grow from the laminated
structure through
fiberglassing and now with
the top covered with the teak
decking; See chapter 7.

LEFT:

Here is an overview of the
main hatchway, sliding hatch
and hatch ‘garage’




Here is a small sample of the sole area com-
plete with teak planking. Note the mast support
which will be trimmed with timber or similar.

TOPand LEFT:
The decking on the cabin top and decks is now

completed, sanded and ready for use !




The pilot house on this Voyager 542 “Western Grace’ adds to the appearance of this beautiful boat.

boat then you can sometimes allow for the strength and thickness of the teak when specifying
the scantlings for the substrate deck.

On alight to medium displacement timber or fibreglass boat to avoid adding excessive weight,
you may wish to use full size scantlings for the regular deck and then install thinner teak
decking set in epoxy. On a boat with steel decks and in most other cases, | prefer to see a
minimum of five eighths inch [15 mm] of teak used; my own boat had a wealthy previous
owner and it came with a one inch [25 mm] thick beautifully installed teak deck. Laid decks
can give one an unequalled pride of ownership.

PILOT HOUSES
The pilot house or wheel house is known under various names and has been a feature used
on all types of boats since time immemorial. Earlier this structure was often referred to as a
‘dog house’. The term wheel house is easier to understand. In 1972 a client of mine installed
a house of his own design to one of my boats. When | made an adverse comment he replied
that he would remove the structure when | took my drawing board outside; fair comment.
The last 30 years has seen a great rise in popularity of the pilot house and | can notimagine
designing any boat without including at least one version that incorporated one of these
structures. Many boats have pilot houses retro fitted and this is something you may want to
consider when considering purchasing a boat that does not already incorporate this facility. In
the past clients have often been somewhat diffident in asking for a pilot house explaining that
the boat was to be used where it was ‘too hot’, ‘too cold’ or ‘too wet’ to do without the security
and comfort of this feature. Pilot houses are here to stay and | would not personally consider
owning a boat that did not incorporate this feature.



Pilot houses can be very short, sometimes no more than an steering shelter; or medium
length, closed at the aft end with a lockable door and with steering, navigation and seating for
other crew members; or long, with considerable accommodation inside usually including
steering, dinette, galley etc; in fact a full saloon. | have often seen some so called pilot houses
without steering facilities; in my opinion these ‘raised saloons’ defeat the whole idea of this
desirable feature.

If you are laying out your superstructure arrangement and intend to include a pilot house
then | recommend you start by planning for a medium length version. The steering station will
include a comfortable chair for the helmsman and a generous size opening hatch above the
steering station; this is useful for viewing the sails. Provide for a navigation station which may
be the main one or an auxiliary one for the helmsman’s use. Include seating for two or more
additional crew members.

The forward facing windows can be either regular or reverse sloping and occasionally vertical
as seen on some traditional craft. If you look at most fishing boats, you will notice that the
forward wheelhouse windows are almost all reverse sloping, the reason for this is that these
windows are much less prone to reflections which impair your vision. They are also less likely
to need the services of a windscreen wiper as the forward top ‘eyebrow’ usually keeps most of
the rain off the glass. After having lived with both types | would trade the glamour of regular
sloping windows for the practical aspects of the reverse sloping variety. Electric wipers are a
nice feature and recommended if your budget will support the expense.

If you are building a new boat make sure that the cabin and wheelhouse sides slope in at
least 10% otherwise they can look as though they lean out, which does not look good.. There
is one notable UK design where the sides do actually slope outwards, enough said!

On the subject of superstructure styling, do not allow any new boat you are building to be too
extreme in this area. In a few years when you want to move up, down or out of boating you may
find you have difficulty or are unable to dispose of your vessel.

PORTS AND WINDOWS
These need special treatment when installed in structures such as a pilot house. The larger
areas of glass usually associated with poop sterns will also need careful consideration. In
practice larger windows have proved satisfactory provided they are of reasonable proportions
and glazed with heavy safety glass, perspex, lexan or similar material. Needless to say larger
windows must have adequate framing; in fact windows that often appear large are not always
large at all; these can be small areas of window backed up with a (sometimes disguised)
system of framing. If you feel that the openings in your boat are of such a size as to present
a safety hazard then you should carry plywood shutters. Make sure you have arranged a well
organised method of fixing the shutters, because when and if they are required the speed and
ease of fitting may be very important to the
safety of your boat. In
all cases you should
have the ability to close
For a professional  off the openings in
finish...Nomatter ~ case of breakages.
what meterial you Most boats have at
arebuildingin,re-  least six regular
cessed windows  portlights and these
and ports look the  can vary in size and
best ! shape and may be
fixed (non-opening) or
have the ability to open.
Opening ports are




notorious for leaking so if you can live with
fixed ports you will have a dryer boat.
Ventilation is best arranged by opening cabin
top or deck hatches which are easier to keep
water proof due in part, to their accessibility
and geographical location on the boat.
HATCHES

Hatches are now usually built with aluminum
frames and are glazed with tinted plastic or
safety glass. The modern hatch will provide
more light than any number of portlights
could ever do. You will need hatch covers to
be used in hot weather. Do not stint on the
guality of these hatches, as in the event of
extreme weather conditions the integrity of
your boat may depend on these items. If you
are fitting out a steel boat then steel framed
hatches may be appropriate. Regular
hatches come with all forms of opening arrangements including forward opening, aft opening,
forward and aft opening. It is wise to have one hatch in each compartment than is large
enough to allow any member of the crew to exitin an emergency. Hatches should be capable
of being opened firstly from inside, preferably from outside as well and should be fitted with a
suitably strong locking device to keep intruders out. Some marine hatch manufactures have a
line of hatches made especially for commercial use and while these do not have glazing or
other light admitting features they are ideal in areas such as the fore deck where they will be
subjected to maximum loading. If you are fitting new hatches make sure you check with other
owners before you settle on any one type; a leaky hatch is one of the most annoying items on
any boat. | have seen one special ventilation hatch that opens in all four directions plus
straight upwards; this hatch did not open to allow crew to exit, but may be useful set in a pilot
house top or similar location.

Hatch is correctly hinged on forward side
on the fore-cabin of this Voyager 542

Sliding
companionway hatches
need special attention.
There are a few
propriety ready made
examples available
however itis likely that
you will have to fit a
custom made one on
any boat intended to be
used for serious
offshore cruising. The
main hatch will usually
be part of the main
entrance and exit to and
from your boat and as
such should be capable
of being secured
against unauthorised
entry. Unfortunately

Most cruising folk want comfort in the cockpit - hence the cushions.



secured does not mean a simple locking arrangement but more likely a hatch and companionway
arrangement that will deter all but the most determined intruder.

COCKPITS

Cruising boats were not always fitted with this feature, in fact a few still manage without them.
Most of us prefer the security real and perceived offered by a well designed self draining
cockpit. These work particularly well when combined with protective coamings and comfortable
seating. The dimensions of this arrangement are most important and can influence the safety
and comfort of the boat in many ways. It is desirable but not always possible to have the
cockpit seats measure 6ft 6 ins (2.00 m) long; this allows a person to lay full length. The width
of the well may be best arranged so a person can rest one or both feet on the seat opposite;
this generally means a 2ft (610 mm)or 2ft 3in (686 mm) wide well; the depth is best at 1ft 6in
(457 mm). Seats should be between 1ft 3in (381 mm) and 1ft 6 in wide and for comfort behind
your knees, rounded on the inboard edge.

The height of the seat back that usually forms part of the coaming will vary depending on

the design however about 2ft Oins (610 mm) seems to work out well for most people. All
cockpits should be self draining with two separate outlets of generous size, minimum 2"
(100mm) diameter. The cockpit drains should be fitted with sea cocks that can be closed
when required. Finally you should have a reasonable view forward when seated in the cockpit;
this easier said than achieved especially if there is a pilot house structure ahead of your
cockpit.
The choice between centre and aft cockpit is usually governed by your choice of interior
layout. This choice has become blurred with the advent of staterooms fitted beneath and
around an aft
cockpit.

TRANSOMS

If your boat is fitted
with a ‘regular’
transom, and if you
fit an aft boarding
ladder make sure it
hangs vertically
when in use; many
ladders can swing
under the boat
when you attempt
to use them and
this makes it
difficult for a
person to climb
back on board. The
best transom
ladders have treads rather than just pipe rungs. In bare feet it is difficult to climb a pipe step
even ifitis sheathed in plastic tube.

Transom steps or ‘Sugar scoop’ sterns are considered here because they form an extension
to the deck and superstructure and cockpit layout. For many years the reverse transom stern
did little for the cruising boat except mimic the earlier racing designs and give the boat a ‘racier
‘appearance. Several designers have laid claim to designing the first transom steps but whoever
came up with the idea deserves our heartfelt thanks. Transom steps can be coupled with a
boarding ladder if you find that the first step in the transom is too high to reach from the water.

Modern stern complete with fold up boarding ladder.



It takes very careful design to arrange the transom so it is just clear of the water to make
boarding easier and yet still retain enough clearance on all angles of sail and not cause a
‘rooster tail’ with the attendant drag.

BULWARKS

Bulwarks or at least a decent toerail are usually found on any cruising boat. Bulwarks of
varying heights are easily arranged on boats built of most materials so if you are planning a
new boat then give this item your earnest consideration. Bulwarks can range in height from
say 6in (150 mm) to 3 ft 3in (1000 mm); usually the larger the boat the higher the bulwark can
be without detrimentally effecting the boats performance. For any given length, traditionally
styled boats accept higher bulwarks without spoiling their appearance. Boats as small as 25
ft (7.6 m) LOA can have a 4to 6in (100 to 150 mm) bulwark and 40 ft (12.19 m) boats look
fine with one thatis 1 ft 3 in (308 mm) above the deck.

When deciding on a bulwark it is usual that in order to keep the hull topsides to a reasonable
height, a resonable height is in proportion to the boats length and this is one item that you
must check with the designer of your boat before making changes. You will have to balance
the height of the bulwark against the location of the side decks as they affect the interior
accommodation. For example can a seat be sited under the deck and still provide sitting
headroom. You must also consider the overall height of the topsides with the bulwark in place.

LIFELINES, PULPITS AND PUSHPITS
This safety feature is rightly considered a necessity on any cruising boat. The height is very
important, 3 ft (914 mm) above the deck is about right however this would look too high on

This Spray 52 built by Gil Davenport clearly illustrates both adequate bulwarks and life rails that
are designed to keep you safely on board under all conditions.



many smaller boats. If you have a bulwark then some of the height will be absorbed in this
feature and the lifeline stanchions are only needed to make up the remaining height. The 2 ft
(609 mm) stanchions that are fitted to many boats are too low to be of any practical use and
can cause adult crew members to over balance.

If your boat is over 35 ft (10.66 m), and especially if it has a traditional appearance, then you
may want to consider stainless steel or galvanised/painted pipe lifelines in place of the usual
wire. One arrangement | can recommend is to have pipe stanchions and upper rail of the
same material and the centre line can be of coated wire. On most modern production sail
boats lifelines consist of regularly spaced stanchions with two plastic covered wires running
fore and aft from pulpit to pushpit. Small rigging screws or turnbuckles are used to tension the
lines which are led through eyes in or on the stanchions. This arrangement may be adequate
for local sailing but would be totally inadequate if you intend the have children on board; in the
latter case a netting arrangement right around the perimeter of the deck will be necessary.
To avoid people using the stanchions as hand holds when boarding and leaving your boat, you
should arrange a boarding opening with special reinforced stanchions. In any case make sure
the stanchions are not only of sufficient dimensions and strength to withstand the weight of a
fully grown person being thrown against them but also that they are strongly secured to the
deck and or bulwark. A stanchion that is secured to the deck as well as to the top of the
bulwark will be the strongest and most secure arrangement.

The height of the pulpit and pushpit should match the lifelines but in any case it should be a
minimum of 3ft 3in (1.00m) above the deck; in the case where the lifelines are lower than |
have recommended, you should make the pulpit and pushpit a little higher without spoiling the
appearance of your boat. If you have steps in the transom then you will most likely want a gate
in the pushput.

A
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Above is a view of the fine Spray 52 built by Gil Davenport. This design features a steel hull and
deck and an aluminum pilot house and makes a fine family sailboat in the style of a sailing trawler.



CHAPTERS.

RIGS and SAIL PLANS

Choosing a sail plan for cruising; cutter, ketch, yawl or schooner. Modern or traditional. Unstayed
rigs, contemporary Bermudian or gaff. Types of standing and running rigging. Winches, reefing
systems, bowsprits. Equipment for self steering. Other self steering devices. Extra sails and their
uses; storm sails and spinnakers.

WHICH SAILPLAN ?
The past few years has seen a quiet revolution in the number and style of rigs available for cruising sail
boats. You may already have a favourite arrangement in
mind; you should at least study the options, several of
which you may not have previously considered.

LEFT: The
gaff cutter
on this
Spray 28
looks and
works well
on this boat.

One of your first decisions will be choosing the number
of masts required to carry your selected sail plan.
Although this decision is somewhat tied to the particular
type of rig you prefer, there are overlaps in size where
you could choose one, two or more masts and still have
an efficientrig.

= .

BOOMS S
When considering purchasing or building a cruising sailboat check the height of the boom(s). The
height should be arranged so that when any crew member is standing in the cockpit and if practical also
on the side decks, then all booms will clear a persons head. Although it is not always possible to have
the boom(s) arranged to achieve absolute safety in this area, it is well to remember that many crew
have been knocked over the side by a wildly swinging boom.

Jib booms are another potential source of problems and the benefits such as automatic tacking of the
staysail or a non-overlapping single headsail are somewhat offset by the potential danger to life and
limb especially when working on the foredeck after dark; conversely if you have a jib boom you may
have less occasion to go forward in dark or daylight hours.

HOW MANY MASTS?

In the past | have tended to recommended a single mast (usually a mast head Bermudian cutter) for
boats up to 40 ft (12.19m) LOA. The single masted cutter rig used on this size of boat usually results
in a mainsail of under 500 sq ft (46.45 sq m ) and the headsails will also be of such a size that the
weakest member of the crew with the assistance of winches, can raise lower and sheet the sails. On
boats over 45 ft (13.71 m) I tend to recommend two masted configurations, this will keep all of the
individual sail sizes to manageable proportions. In between 40 ft and 45 ft is a grey area where either
arrangement would be a matter of personal preference. Many builders and owners choose to install rigs
well outside these parameters; for instance there are many Roberts 36 ketches and an equal number of
Roberts 53’s rigged as cutters. Since the early 1960°s | have preferred cutter headed arrangements for
both single masted cutters and ketches.



YACHT RIGS

(4) gaff sloop; (B) gaff cutter (G} gaff yawl; {I}} Bermudian sloop; (£) Bermudian

cutter; (F) Bermudian yawl; |G) gaff E:T_ch ) Bermudian ketch; (I) wishbone

ketch; () gaff schooner; (K) schooner with Ecrmudlan mainsail and gafi foresail;
(L) staysail schooner,



TRADITIONAL RIGS

This is good time to consider whether you prefer gaff or any other rig to power your cruising hull.. Do
not become so enamoured with a style of rig that you insist on using it no matter how unsuitable it is for
your type of boat. Apart from ending up with a totally unsuitable rig you could find your boat is
unsaleable when you decide to move up or down in size or finally move ashore.

If you choose a traditional style of boat similar to an English style Pilot cutter, a Spray type, a Bawley
or barge yacht, then the gaff rig when matched to one of these hulls, can make a very satisfactory
cruising companion . To install a free standing carbon fibre rig on one of these traditional boats would
be a very unsatisfactory arrangement from the practical, common sense and aesthetic points of view.
For example, a successful carbon fibre masted rig usually depends on the hull being easily driven, not
overly stiff and capable of good acceleration and this type of boat heels easily before taking up its
sailing angle.

Lovers of the gaff rig often wish to combine this with the schooner layout. Again traditional boats can
be matched up with this arrangement often creating a profile unmatched in beauty by any other rig.
Part of the pleasure of owning a cruising or any other type of boat is ‘pride of ownership’, all of the
owners of schooners | ever met are very proud of their boats.

If you choose a gaff rig it is a good idea to try and minimise the weight aloft; for instance if you install
solid naturally grown timber masts then you may use laminated hollow timber for the gaff spar and
perhaps for the boom as well.



ABOVE: Here we see a traditional Spray 33 sporing a modern masthead cutter rig. Note the
clean set of the sails with perfect slot between jib and staysail.

Another arrangement that can prove satisfactory is the Bermudian schooner. This rig can come in a
variety of arrangements. It is not uncommon to see schooners with gaff foresails and Bermudian mains
or conversely, gaff mains and Bermudian foresail. Another well tried rig is the Bermudian staysail
schooner, that is Bermudian main and one staysail between the masts backed up by a fisherman sail set
above the staysail.

Almost all the rigs discussed here and elsewhere are best arranged with two headsails, providing the
cutter headed arrangement previously discussed. Many owners enjoy a long association with gaff rigged
boats while others are attracted to the rig by its beauty and charm are unable to handle the extra work



and maintenance that is a part of living with these rigs. One advantage of the gaff rig is that it can be
much less expensive to install than a modern rig and many traditional boats accept the less expensive
gear and ‘look right.” The galvanised fittings and natural fibre cordage are in keeping with the overall
appearance of the boat; expensive stainless steel fittings could look out of place. Awell designed gaff
rig will accept a natural grown timber mast and boom; fortunately there are still places where you can
select your own spars from the forest. In the case of Spray replicas and Spray types, these have been
successfully rigged as Bermudan cutters and ketches as well as just about every other rig in existence.

MODERN MASTHEAD RIGS

To most people this rig represents the most convenient and reliable arrangement for a cruising boat
sailed by a family crew. You could think of this as a square form of rigging; the forestay, backstay and
the cap shrouds all go to the masthead thus squarely supporting the mast in four directions. Depending
the height of the mast, it is divided into either two or three panels where spreaders are located. From
near the roots of the spreaders, shrouds are led to the chainplates. The lower shrouds are usually set in
pairs led forward and aft of the mast. (See diagram).

A cruising boat fitted with a Bermudan cutter mast head rig, single mast cutter or cutter headed
ketch, is best arranged with two or more sets of spreaders on the main mast. A requirement for most
cutters is running back stays that are best arranged so that the upper end joins the mast just below the
upper set of spreaders and the inner foresail (staysail) tang. The angle of the runner and the location
where it meets the deck will need careful consideration; the standard practice was to make the angle at
the top end match the angle of the inner or staysail forestay. If the angle is adjusted (reduced) so that
both runners may be left set up when short tacking, then this has a definite practical advantage for short
handed sailing. You should consult the designer of your boat, before making any changes in this area.

FRACTIONAL RIGS
Lovers of lighter displacement cruising boats
sometimes prefer the fractional rig. This is
usually arranged as a Bermudian sloop (there AI
is not room for two headsails) and the headsail 4
can be smaller and usually reaches up the mast 1,;
to a location 7/8 or 3/4 of the distance from the el
deck. One supposed advantage is that with a
larger mainsail the size of the headsail is & \
reduced. Fractional rigs are generally more [ 108
fragile than their mast head equivalents and in K" : -'U —
my opinion are not recommended for an offshore ~ R T [-—'~.
cruising boat. < 1
Back in the mid 1960s when modern mast s -
heads rigs were becoming established for both ey
racing and cruising sailboats, the 7/8 and 3/4 e ] y
versions were tried and found to be less desirable / ‘_\_‘ e 4
than a full masthead arrangement. The modern / =
fractional rig is race bred and mainly intended
to allow the mast to be bent from the top, the
result being to give more control over the sails
especially the main. With his arrangement the
forestay and the cap shrouds all terminate at
the 3/4 or 7/8 location and the backstay is the
only stay that extends to the top of the mast. =t — =
The fractional rig results in the spreadersangled ~ ABOVE: The Roberts 246 has a fractional rig.




backward sometimes as much as 30 degrees with the cap shrouds led over the tips of the spreaders and
down to the chain plates. The fractional rig is based in part on the ‘minimalist’ theory that in the case
of windage less is best; this may be fine on a raceboat where a large crew is available to maintain and
operate the rig, however on a cruising boat with minimum crew it is often necessary to expect the rig to
look after itself.

It is well to remember that the stiffer cruising boat requires a stronger rig. This fact was very forcibly
brought home to early designers of large cruising multihulls. Some of these boats were more heavily
built and carried greater amounts of stores etc., than their racing counterparts. When too lightly rigged,
many of these multihulls were dismasted despite the wide staying base provided for their rigs. Single
hulled moderate to heavy displacement cruising boats which may heel as little as 10 degrees in anything
under a full gale, are typical of boats where an over strength mast and rigging is recommended.

The science of matching the rig to the hull is best left to an experienced designer; there are so many
interrelated factors where an owner could easily make the mistake of mismatching hull and rig thus
creating a potentially expensive and dangerous situation. Here we are outlining some of the options but
before you make changes to an existing boat or design | recommend you contact the original designer
or if that is not possible then seek advise from a suitable qualified person.

FREE STANDING RIGS

These modern rigs sometimes called “Cat’
rigs or in the case of a boat with two masts
referred to as a ‘Cat ketch’ or ‘Cat
schooner’, are worth your consideration
when one counts the number of possible

failure points on a stayed mast; on the LEFT:

average 40 footer [12.19 M] the number is Roberts 420
over 50. Add up the turnbuckles, swages, whith a Cat
toggles and other items where a breakage Ketch free
could cause your rig to collapse and you standing rig.

will see why some owners are becoming
interested in this option.

JUNK OR LUG RIGS

The Chinese have used these rigs on the
rivers and for coastal cruising for thousands
of years. What is not so well known it that
the not so distant past these junks were much larger and used
for long distance passage making voyages. Some 35 years ago
Englishman Colonel H. G ‘Blondie’ Hasler developed a
simplified and modernised version of the traditional Junk rig
and used in on ‘Jester’ a boat that was to prove the worth of
Hasler’s Junk rig designs. During the past few years hundreds
of cruising sail boats have been equipped with this rig and it has
proven to be a viable alternative to the more popular traditional
and modern rigs. Modern junk rigs are capable of creditable
windward performance and can often out-reach and out-run
boats fitted with more conventional sail plans. Some of the
advantages of the junk rig are, easy to reef, low initial and
maintenance costs, lack of standing rigging (less to go wrong),
and a certain beauty.

LEFT: The owner of this Roberts 25 tried the junk rig
before building a larger junk rigged cruising boat.




ABOVE:

This bowsprit is combined with the spare reel of anchor line, jib boom and pulpit.

BOWSPRIT

One item that is not out of place with any rig is a bowsprit and many modern Bermudian cruising rigs

ABOVE:

This bowsprit can be added to any sailboat and is built as described
below. Overall size and scantlings will depend on the size of your boat
and if is expected to carry a forestay or is only used as an anchor handling
platform.

as well as traditional
boats sport this
appendage. Some are
short affairs used
simply to keep the
anchor out of the way
and to provide a
platform ahead of the
forestay thus making
it easier to handle the
larger headsails. If,
due to change in trim
through loading, bad
design or for some
other reason your
boat develops
excessive weather
helm, then the
presence of a
bowsprit will most



THIS BOWSPRIT MAY BE USED AS AN
AMCHOR HAMDUMG PLATFORM OR A5

AW EXTENSION TO YOUR "J" MEASURE-
MENT DEPENDING OW THE SAIL PLAM

OF ¥OUR DESIGM. DO MOT MOVE THE
FORESTAY FORWARD UNLESS SHOWN

IN YOU PLANS. FORESTAYTS THAT ARE
TERMIHATED OH THE BOWSPRIT WILL
MEED A BOGSTAY TO ACCEPT THE LOAD.

~_ BOWSPRIT DETAIL

Af— s
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-
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CEMTER
FIPE WELD

BUILDING A& PIFE BOWSPRIT :

THERE ARE SEVERAL WAYS TO BUILD AND FIT A
BOWSPRIT ON YOUR SAILBDAT. YOUR PLAR
WILL GIVE ¥OU A GEMERAL IDEA OF THE SHAPE
THE OVERALL LENGTH OF THE SPRIT, NOW
YO HAVE TO DECIDE THE EXACT TYFE OF
ARRANGEMENT THAT YOU PREPER AMD HERE
IS OME SUGEESTION.

THE BOWSPRIT MAY BE CONSTRUCTED FROM
EITHER 2" [BO] 2 1,/2" [&0] OR 3" [75] 5.5
Of GALVINISED PIPE.  THE BASIC STRUCTURE
IS FORMED LP AS SHOWM AMD MAY BE WELDED
TO THE HULL OR FLANGED AND BOLTED TO
SUIT ¥OUR HULL MATERIAL

TO THE INSIBE ©F THE FIPE 1S WELDED

2" % 56" [ B0 ¥ 8 ] STRAP AMD CROSS
SUPPORTS 2" ¥ 5/1::" [75 x 8]
ARE INSTALLED AT 1"-3" [ 380 ] CENTERS.
THE PLANKING CAN BE 2 mﬁ" [50%20] TEAK
OR SIMILAR. SCREW OR BOLT PLANKING -TO
THE EDGE STRAP AND TO THE CROSS.
SUPPORTS.. SMAFE OFF. SHARP EMDS WHERE
NECESSARY AND BEVEL EDGES OF PLANKING
AT 3/B" [4] TD AVOID SPUNTERING OM THE
EDGES AND EWOS OF THE PLANKING.

WELD FORESTAY TANGS, BOBSTAY TAMGS
ETC., TO THE CENTER PIPE. BOBSTAY WILL
BE REQUIRED IF FORESTAY IS FITTED TO THE
BOWSPRIT.  ARRANGE AMCHOR LIME / CHAIN
GUIDES TO SIDES OF CEMTER PIPE AS REQUIRED,
F THE FORESTAY IS FITTED TO THE BOWSPRIT, THEN
THE STRUCTURE MUST BE ABLE TD ACCEPT THE
STRAIMS OF THE RIG. BUILD CAREFULLY AND STROMG.

A
( JOIMIMG TO
STEEL HULLS

THE HULL & STEW

GUSSET PLATE WELDED
™ THE STRNHGERS

STRINGER
HULL FLATHZ

= CENTERLME PIPE

INSTALL AM EXTRA STRINGER
M AND GUSSET IF NOME EXISTS
IN THE AREA WHERE BOWSPRIT
IS LOCATED. STRINGER MEED
ONLY EXTEND AFT FOR AE{JUT
6'-0" [2000)

LEFT & ABOVE:
This bowsprit was
built using the plans
above plus other in-
formation that is in-
cluded in all Bruce
Roberts plans and
patterns.




ABOVE: This traditional winch works well but take care
they can bite !

LEFT: This arrangement in my opinion is looks busy’
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LEFT: Here we see a
traditional Spray with a
very busy fore-deck and
bowsprit area; see if you
can identify all the items
shown here.

BELOW: Most if now
all of what you see on
this Centennial Spray
33 built in New Zealand
represents goo practice.




likely help solve the problem. For instance if your problem is excessive weather helm, then moving the
forestay forward may be all that is required to improve the situation. Weather helm can be caused by
many factors and is sometimes a combination of several design faults. Shifting the centre of effort of
the sailplan forward can often solve the problem. Adding a bowsprit is usually easier that moving the
mast and rigging or other drastic alterations such as reshaping underwater sections of the hull..

The type of bowsprit | prefer is one built of say 1 1/2" to 3" (35 mm to 75 mm) galvanised or
stainless steel pipe bent round in a open U shape and then decked in teak. This arrangement is strong
and provides a generous working area forward of the bow. If you are not used to this type of appendage
you will soon learn to allow for its length when docking or making other manoeuvres at close quarters.
The bowsprit is more of a help than a hinderance and is most useful when picking up moorings,
handling the anchor and dealing with unruly headsails. Depending on the length of your bowsprit, you
may require a bob stay.

Many ‘performance cruisers’ incorporate carbon fibre pole bowsprits. These are usually of variable
length and used to set the cruising spinnaker. This pole arrangement is not new, we used similar timber
poles in the early 1960’s and called the sails “ballooners’ or “cruising chutes’ plus a few other names if
they got out of control! Personally I do not believe the symmetrical regular spinnaker has any place on
acruising boat but the asymmetrical cruising spinnaker is well worth consideration and especially so
if you have a reasonably active crew.

In the case of conventionally stayed Bermudian rigs it has always been my practice to design these
with all of the upper and lower shrouds brought right to the outer edge of the side decks as opposed to
narrowing the rig by bringing the lowers inboard to the cabin sides. The advantages of the narrower
rigging at the lower ends is that it allows the crew to move about the side decks without ducking under
the shrouds. The foregoing advantage is sometimes offset by the absence of a suitable anchoring point
at the cabin side to take the high loads that are generated by the lowers. In broad beam boats it is
possible to get a wide enough base for the lower shrouds to terminate on the cabin sides however if you
rig any boat in this manner then you must have a chainplate that is attached to a bulkhead or other
strong point that in itself has the necessary strength to accept the high loads.

MASTS AND SPARS

With the development of modern mast building techniques in both aluminium and carbon fibre spars,
the whole matter as to what type of rig and number of masts needs more careful consideration. The
return in popularity of the gaff rig for traditional and some not so traditional boats, the acceptance of
free standing rigs used in conjunction with both modern and traditional arrangements such as the lug or
Chinese junk sail plans, all contribute to a situation where it takes considerable thought before you
make a final selection as to the best rig for your boat.

You may think that this is all academic if you intend to purchase a used or a new vessel. Many older
boats will need so much gear renewed that it may be worth considering replacing the entire rig. You
may be able to improve and update the rig by having the new one designed around the existing mast
and chainplate location. In any case if you are planning to renew, replace or redesign the rig you will
need the assistance of a person qualified to advise you in this area. If you are able to make contact with
the original designer of the boat then this is your best option, otherwise engage a competent naval
architect or yacht designer to help you with your new sail plan and rig replacement.

The loads on masts have not changed, they must still withstand compression (downward thrust)
torsion (twisting from the spreaders) and local loads from boom, spinnaker pole and boom vang. Current
thinking is that weight is more important than windage so it is important to choose a mast of adequate
stiffness and strength while keeping the weights within reasonable limits. This is where the more recent
developments in mast technology comes into play. For instance in a typical 50 ft [15.24 M ] boat, a
retro fit from an overweight older aluminium spar to a modern one made of the same material, can save
several hundred pounds. It is well to remember that because of the difference in distance from the
centre of gravity, each unit of weight saved aloft is worth several units of ballast.



TOP: Pre-prepared rig-
ging items made by the
builder, parrel balls,
blocks and belaying pins.

CENTER LEFT: Tradi-
tional splicing would look
better in this company but
the swages will be strong
enough to do the job.

BOTTOM RIGHT:
Ratlines work with tradi-
tional rigs and practical.




In the 1960s the teardrop shape with a constant wall thickness was thought to give the best strength for
weight ratio in most aluminium extruded spars. The 1970’s saw the development of the elliptical
section which has now evolved to the almost squarish section that represents the latest thinking in this
area. It has been proven that the farther the side walls of the mast are located from the neutral axis (read
centre of the mast in sectional view) the stiffer the spar. In stayed rigs, round sections are the least
efficient and squarish sections are the most efficient because they locate more wall material farther
from the neutral axis.

Rolled plate masts (as opposed to extruded sections) are becoming more popular for larger boats.
The advantages of this construction includes the fact that plate aluminium is stronger that extruded
sections therefore the wall thickness can be thinner for any given strength; the higher up the mast, the
less need for strength. The wall thickness may be reduced towards the top of the mast, the result being
weight saving where it is most beneficial. Plate masts can more easily be tapered from the mast heel to
masthead, enabling more weight saving and adding aesthetic appeal to the mast. The benefits of this
mast construction result in a lower centre of gravity.

Carbon fibre is now widely used in the marine industry and it is worth considering this material for
your new or renewed cruising rig. This type of mast was originally used exclusively in conjunction
with unstayed rigs and early examples were the subject of breakages. The failures of some of the early
carbon fibre spars could be partly due to the fact that a new material (carbon fibre) was partnered with
new rig technology (unstayed masts) so the experience gained in both areas makes carbon worth another
look.

Another problem with carbon has been its high cost, usually about double that of an aluminium spar
of equal strength. This higher cost is somewhat offset by the fact that most of the rigging is not required
when the material is used in an unstayed rig. Carbon fibre fatigue properties are superior to aluminium
meaning that in a mast it can flex more, and more often without failure. A carbon fibre mast weighs
only 50% to 60% of an aluminium spar of equal strength and stiffness; this is another benefit, especially
when considering ballast requirements. The boats’ ballast, the carrying capacity of stores and water,
are all factors that are interrelated, when choosing a new rig. The choice of carbon fibre is not limited
to free standing rigs; already a few owners of conventionally rigged performance oriented cruising
boats have chosen this material for their spars. One draw back to using a carbon fibre mast is that you
will need to make special provision against a lightening striking your mast, see details in chapter 11.

DECK LIGHTS

No matter what type of mast you select make sure you have adequate deck lighting; these lights are
usually located on the spreaders so they will need to be considered at the same time as the mast. The
masts on larger cruising boats are required to carry a selection of equipment including radar, radio
ariels, communication domes, as well as a variety of lights; keep this in mind when selecting the
mast(s) for your cruising boat.

MAST STEPS

No matter whether you mast is deck stepped or keel stepped it will need some form of step to secure the
lower end of the spar. Many commercially manufactured masts come complete with a cast aluminium
step that is fastened to the deck and the mast simply sits in this arrangement. Check that your deck
mounted mast step has the ability to drain water that lodges around the bottom of the mast. Atabernacle
mast step may also be considered if you mast is not too long or too large; check with the designer of
your particular boat regarding this option. Examine the mast support post that may be 3" (75mm) or
larger, diameter metal pipe to ensure that it is up to the job. You mast under deck support may be in the
form of a beefed up bulkhead; look for stress cracks and other telltale signs should the bulkhead not be
strong enough without additional strengthening. If you mast is stepped on the keel, check if you have
an arrangement that will allow you to alter the rake of the mast (this will change the fore and aft
location of the foot of the mast).



STEPS ON THE MAST
Wherever possible you should fit the main mast with a set of steps for going aloft. Steps combined with
a safety line are much safer than using a bosun’s chair. The steps should have flat treads about 2" [50
mm] wide as all pipe treads are murder on bare feet. Steps should be carefully laid out and you can
incorporate the spreaders into the system. Make sure that the step after the spreader follows your
natural climbing pattern and that you do not have to change feet as you proceed aloft.

For gaff rigged boats where mast hoops or a similar arrangement precludes the use of mast steps,
then ratlines are a good alternative. Although they usually do not continue up as high as mast steps,
they have a superior appearance on any traditionally rigged cruising boat.

STANDING RIGGING

Many of the used production boats you may consider purchasing will have rigs that are worn out or
totally unsuitable for deep water cruising. Stainless steel standing rigging has a definite life span and if
itis more than five years old it will need careful checking and possible replacement. All sailboats with
the exception of free standing rigs will require standing rigging. Some experienced cruising people still
prefer to sail with a well set up traditional rig consisting of galvanised plough steel stays and shrouds
all hand spliced and prepared in the traditional manner.

Dyform 316 stainless steel 1 x 19 standing rigging wire is a relatively new product being developed
in 1986 to offer an alternative to rod rigging. At the request of Wallie lvison of Norseman Marine
(USA) the UK company British Ropes was approached regarding a product they had been making for
some years. This wire was manufactured from a non-stainless steel material and was used for mining
ropes and in nuclear power plants and similar applications.

ABOVE:

This steel deck, chainplates and rigging set-up show several good points. The area where the chain
plates meet the deck is reinforced, the rigging screws and toggles allow the shrouds set up at the
correct angle and also note the deck covering, substantial bollard and the way that the staunchions
are located in reinforced socket bases. All in all a very neat set up and a credit to the builder.



When made in 316 stainless steel Dyform is over 25 per cent stronger and has 30 percent less stretch
than similar sized regular stainless rigging. Early versions of this wire had some minor problems,
mainly some sharp edges and minor rusting due to too low a polish however these deficiencies have
long since been remedied and this rigging wire is now widely accepted by those cruising people who
have made a study of the various types of rigging wire. Dyform can be swaged or it makes a perfect
companion to Norseman end fittings.

No matter what type of rig you select or what type of materials you choose, remember that if you can
fix it yourself you will be much happier than if you require outside assistance every time something
goes wrong. It is obvious that help is not available in the middle of the ocean, it is equally undesirable
if you have to pay some “‘expert’ to bring your boat up to operating condition, every time you make
port.

Unless you have a paid crew, you had better know how to fix almost everything on your cruising
boat. You can not fix machine made splices, but you can change Norseman, Sta-Lock or similar end
fittings; if you have a traditional rig, you should be able to splice up new rigging as required.

When | came into yachting in the early sixties it was about the time that boat owners were making the
transition from running rigging made from natural to man made. Having experienced both I along with
most other cruising yachtsmen prefer the man made variety which is generally less bulky, more reliable,
lasts longer and is easier to handle. No matter if your cordage is natural fibre or man made, make sure
you know how to splice and care for all the lines on your boat and always carry adequate spare line.

WINCHES

The first cruising boat I ever sailed on had no winches. Dougie Drouin loved to do things the traditional
way and his 35 ft [ 10.7 M] timber boat reflected his belief that sailing was a sport and as such, one was
meant to extend oneself in all areas of the endeavour. Generous use was made of tackles and purchases
to raise and handle the sails, break out the anchor and every other activity where additional strength
was required. Today I do not think any crew would stay around for long on a boat as basically equipped
asthis.

When it comes to selecting winches it is much better to select a few well made and powerful examples
than to cover your boat with several that will barely do the job. Today self tailing winches are considered
the norm. Thoughtful layout of the running rigging can allow one winch to serve more than one line or
even one purpose. Winches need to be well fastened and the mounting area reinforced as necessary to
provide a strong point capable of spreading the load and accepting the enormous forces generated
when a winch is used to its full potential.

CLEATSAND FAIRLEADS

Make sure your cleats are adequately sized to handle the lines that they are intended to accept: they
may be made of aluminum, stainless steel or hardwood. Try to position them in such a way as to
minimise the chances of your stubbing your toe. In many cases cleats have to be where they have to be,
but you can usually manage to avoid locating them in the most dangerous places. Fastening the cleats
to decks, coamings and cabin tops takes the same care as is used to install the winches.

For anchoring mooring lines to the hull I prefer ‘bitts’ to cleats; the bitt usually consists of two
vertical posts with a cross bar to tie off the line. Inthe case of steel decks, it is possible to weld cleats
and bitts directly to the deck. When securing to fibreglass or timber decks make sure that the bolts used
to anchor these items to the deck are backed up with pads and large washers.

You will often need to install fairleads to avoid sheets and other lines fouling part of the rigging,
coamings or other items of the superstructure. These and similar items need to be well attached and
preferably installed in such a location and manner so as to not provide a hazard for the crew when
moving about the decks.

When you are choosing blocks there is no need to purchase the latest ‘high Tech’ gear. Good solid
quality blocks will serve you well. Make sure you carefully match the line to the correct sheave size



and that all sheet leads are arranged so that your blocks are allowed to do their work without undue
strain caused by poorly laid out sheeting. You may need turning blocks and other similar arrangements
to avoid chafing your lines.

SAILS

The standard way to describe the dimensions of sails is as follows; P = The length of the luff (the edge
that is attached to the mast) of the mainsail or mizzen. E = The length of the foot (the edge that is
normally attached to the boom)of the mainsail or mizzen. J = The distance from the front of the mast to
the forestay. | = The height of the jib halyard form the deck, in the case of masthead rig this will
generally be the height of the mast from the deck.

For cruising sails you should still choose Dacron which offers the best all round performance and
serviceability. The variety of materials used in building sails for the racing fraternity is best left alone
and even if you can afford these materials, you will find that repairs and general servicing of the sails
is far more difficult than with a normal Dacron sail. All cruising sails should be triple stitched and
particular attention should be paid to the leather and other hand work required to finish off a good
cruising sail. You should consider the ultraviolet resistance of the various types of sail ‘cloth’ before
ordering any new cruising sails. On all but the smallest boats you should carry a sewing machine
capable of making repairs to your sails and other ‘canvas work’ on your boat. Needless to say you
should also carry a full set of sail making tools including a palm needles and thread. | have known
many cruising people who have made their own sails, some from Kits, others have cut and sewn their
complete sail wardrobe from scratch. Making even one sail will give you a better understanding of the
techniques required to make repairs when these become necessary.

REEFING ARRANGEMENTS

When considering your sail plan, an early decision will be needed as to what type of reefing arrangement
you will be using. For the mainsail ‘jiffy’ reefing is the simplest and likely to give you the least
problems. Most mainsails will accept three rows of reef points and a variety of arrangements can be
used to secure these to the boom; permanently installed reef pennants look fine on traditional rigs.

Roller furling in the mast is a popular option however when the sail is reefed you still have the weight
of a large portion of the sail high above the deck. Another arrangement is where the sail is furled on a
spar attached to the aft face of the mast. In my opinion, boom roller reefing makes more sense and is a
modern development of the earlier arrangement where we had a handle on the fore side of the mast and
a bolt through to the boom We reefed the mainsail by rolling it around the outside of the boom. The
modern equivalent of boom mainsail reefing involves having the sail roll up inside the boom. To date
this arrangement is only limited by the size of boom needed to contain the rolled up sail; more
sophisticated arrangements are allowing boats with larger mainsails to have in boom furling; check
with your spar supplier for latest developments.

For the headsails you may wish to consider roller furling. If your cruising is mostly coastal in nature
then roller furling has a lot to recommend it; the convenience of being able to reef the headsail from the
security of the cockpit will appeal to most members of the family crew. For serious offshore work | do
not like this arrangement. Roller furling jibs are notorious for unfurling at the wrong moment and on
many occasions the headsail has to be cut down to get it under control. This arrangement also leaves
the weight of the sail aloft when it would be better stowed below.

For those of you who are considering roller furling units, make sure that they have strong well
constructed bearings at both top and bottom of the unit. The bearings should be obviously well made
and built from stainless steel. Check that the luff extrusion is large enough to do the job; the small
elliptically shaped ones are best avoided instead look for a heavy duty round section that can stand up
to the rigours of cruising. Check the upper bearing will not foul the mast or become entangled with the
halyard.

If you are have a roller furling headsail then it is essential that you have a back-up additional
forestay to support your mast in the event of the headsail arrangement failing; there have been several
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ABOVE: This is a mainsail made is the traditional manner that would be ideal for many yearsof
hard cruising. You may prefer a more modern cut sail !
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ABOVE:

This is a gaff mainsail
made is the traditional
manner.

LEFT:

This jib boom arrange-
ment will work well on ei-
ther a jib or staysail.




reported cases where the head-stay has broken below the roller furling drum. This extra stay may be
needed to set a storm jib or other headsail in the event that for whatever reason, this action is required.
Again this is a choice that should be tempered by where and under what conditions you plan to be
cruising. When you know that assistance or the safety of a secure harbour will always be within a short
distance your choices may be different to those you would make when you are planning long distance
offshore voyaging. It is possible to have reef points in a headsail; one does not often see this arrangement
but it does work especially when combined with a self tending foresail.

To summarise on the subject of reefing; for mainsails either ‘jiffy reefing’ or in the boom roller
reefing. For headsails, roller furling is acceptable for coastal work but a good selection of individual
headsails is preferred for offshore cruising.

STORM SAILS AND SPINNAKERS

Storm sails very seldom appear on modern sail plans however if you are planning long offshore passages
there may be a good case for including these items in your sail wardrobe. Dedicated storm sails usually
consist of a heavily constructed and reinforced storm jib and trysail. Special sheeting arrangements
will have to be provided for both items as the sheets normally lead to a different deck location than the
regular sails.

Spinnakers have been in and out of fashion as a cruising boat accessory on many occasions. The
development of the ‘Gennicker’ or ‘Cruising Schute’ does make this item worth considering if you
have a reasonably active crew (including yourself) and you like to get every ounce of performance out
of your boat. Regular spinnakers are another matter, in my opinion they have no place aboard any
offshore cruising boat; if you doubt my word, look at the more dramatic photos in the racing oriented
sailing magazines or coffee table yachting books.

SELF STEERING

Your cruising boat’s self steering ability often depends on starting with a well balanced hull and there
have been many examples where the hull made a major contribution to this desirable feature. The
Spray is one of the best known vessels with a reputation for self steering ability. With most modern and
many traditional designs the sail plan will play a big part in keeping the boat on track; it is worth
keeping this in mind when deciding on your sail plan and reefing arrangements.  Self steering wind
vanes usually work well with most rigs. A visit to any major boatshow will confirm that there are
almost as many self steering devices available as there are hull types. Most of these arrangements work
well and you will need to study the performance characteristics as well and construction detail before
making a selection in
this area. More
recently one sees
more boats fitted
with electronic self
steering devices as
manufactured by
Auto Helm, Navico
and Seatreck. No
matter how effective
these wind or
electrically driven
self steering aids
perform, there is no
substitute for a well
balanced hull and rig
combination.

ABOVE: The attractive deck layout is on a Spray 33 built in California.



C HAPT E R 6 . Choosing a building site.

Where to build, Area required, Tool and equipment storage.

If you opt for this type of temporary shed then it is worth con-
sidering tarpaulins for the covering material as opposed to

thin plastic sheeting which will not survive the first

the interior and fitting out stage. Even if work-
ing outside, it is a good idea to keep the more
valuable items out of sight or maybe in more
secure storage, until they can be properly se-
cured to, or installed in the boat. Used steel
containers are available in make idea storage
sheds and workshop areas and 40 ft/ 12.2 m
are available for $1,500 or less.

Part of the advantages of having your
boatbuilding project located in a secure, com-
fortable and weather-proof building,

is psychological; it will be easier to make the

effort to go and work on the boat. Also if you
are paying rent on a building, you are more likely
to ‘get on with the job’. If you are building out-
side and exposed to the elements then you will
often have to stop work due to weather condi-
tions. All of the disadvantages of building out-
side can add months to your building program.

If you decide to custom build from
scratch or a hull and deck pack-
age, you will need a suitable
building site; this applies equally
if you are building in fiberglass,
steel or wood. Depending on
where you live you may have
many, or a limited number or
choices. If you live in a warmer
area, then a simple shelter will
suffice. If your boat is to be built
or completed in a cold climate,
then you will to need to consider
a heated structure. In any case
you will need some form of se-
cure building, in which to house
your tools and more valuable
supplies.

When building a metal boat the
need for security is relatively less
than if you were building in
fiberglass or plywood, this ben-
efit only extends until you start on

If you build in a shed like this one then you will
need a larger door to allow your hull to be
removed or be prepared to demolish the build-
ing shed. Some builders later sell their shed.



To determine how much space

— — R v you will need to house your
SRl boatbuilding project, simply plan
/ for a space 50 percent longer and

| & ! L "'"' 100 percent wider than the fin-
AT “‘:': L W i ished boat. For instance if you are
: ' “‘1“ i Hl i buildinga 40 ft/12.19 M by 13 ft
- R / 3.96 M boat your space should
ideally be 60 ft / 18.29 M long by

L say 26 ft / 7.92 M wide. When it

comes to handling plate and other
construction members, you will
Depending on your finances you may opt for a hire or buy a need s-p-a-c-e! You will need
tent structure as shown here. This tent is used to protecta  space for tools, materials storage
Voyager 542 currently being built from a kit in California. as well as room to move around.
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To provide yourself with an efficient working environment, plan your building site so that the
minimum time is spent walking from one area to another. The positioning of benches and
frequently used tools will play a major part in making a comfortable and productive workplace.
Your boatbuilding project should not be too far from home and this is even more important, if
you are only working part time on the project. Travelling time can eat into valuable work-time
and distance can be a deterrent to getting started evenings and weekends.

Make sure that your work site is accessible to the vehicles needed to deliver long lengths of
plate and other necessary supplies. If you are working outside be sure you have a flat level
site. Carrying tools and building materials up even the smallest gradient can soon become a
tiring exercise. Exercise, yes, you will get plenty of that!



One obvious choice is to build your boat beside your house. Many fine boats of 65 ft/ 19.81
m, have been built to my design beside the owner’s home. To make this a practical proposi-
tion, you need to live on a suitably sized lot or in an isolated area.

Many local authorities have building ordinances that may govern just what you can do in your
own back yard. Check these before you start building a shelter or erecting boat frames be-
side your house. Generally speaking, the further you live from the centre of town, the better
chance you have of being able to build or complete a boat on your own property. If you are not
committed to a mortgage, you may consider renting a suitable house away from the town
centre to build your boat. Best check with the landlord first and get permission in writing,
before you sign the lease.

If you start with a hull and deck, then all you may need is a tool shed; the interior of the hull can
be heated and the outside work can be completed in fine weather. Another advantage of
starting with a ready-built shell is that this may make it possible to complete the boat in your
own yard. Metalworking is noisy especially when building the hull and deck. If your boatbuilding
project is sited in a residential area, then make sure that the noise that can be heard outside
the boat is kept to a minimum.

Here are a few suggestions as to possible boatbuilding locations: in your own yard, unused
corners of marinas and boat yards, fenced in but unused industrial sites, beside or in an
engineering business, inside old warehouses, inside or beside an old storage barn. These
are just a few of the many possibilities and these locations can often be rented at a low
monthly cost.

Make sure you think ahead to the day that the boat ready for launching. Can a low loader and
lifting crane get to your location to move your boat to the launching site? Have you surveyed
the route? Check for low overhead wires, sharp corners in narrow streets; there are hun-
dreds of stories about boats being lifted over houses, lifted from mountain sites by large
helicopters and boats that were literally dragged through villages by willing helpers.

This Voyager 432 was assembled in Holland from one of our pre-cut kits. Here
we see the finished hull being towed to the joinery shop on a low loader. Remem-
ber you need access to your building site to move your completed hull.



CHAPTER 7.
Building in WOOD

RECENT HISTORY

During the past forty years that | have been associated with the building and designing of boats, wooden
boatbuilding has changed in many ways. Until the late fifties, anyone who wanted to build a boat
would almost always have built it in timber. At that time, fibreglass was a relatively new material and
was viewed with suspicion by most boat builders. Steel pleasure boats were definitely oddities, except
in the Netherlands and a few other European countries, where steel was well accepted and often more
common than timber boats were in other areas. In the late fifties through to the mid sixties, due to the
reluctance to accept fibreglass and the lack of appreciation for steel, Ferro Cement gained some popularity
as a boat building material. Ferro appeared appealing in its simplicity and cheapness however more
recently, it has now dropped from favour, and virtually ceased to exist as a boatbuilding option. The
huge number of design and structural problems plus an incredibly poor resale value contributed to its
demise.

At the end of the 1939 — 1945 war there was a considerable pool of skilled labor and the technology
available for building timber boats using cold moulding techniques. During the war, thousands of
patrol boats and aircraft were built this manner so it was a natural transition from war to peace that
many chose this material for building pleasure boats. When the war ended there was a considerable
demand for pleasure boats, and thousands of cold moulded hulls were produced of which a surprising
number remain in service to this day.

Until the early seventies, when the Wood/Epoxy building techniques were starting to appear, most
wooden boats were either carvel planked and caulked in the traditional manner, strip planked or built
using the techniques of laminating multi-diagonal plywood or veneers or straight forward sheet plywood,
using urea-formaldehyde or resorcinol glues and silicon bronze and copper fastenings.

It would be wrong to discuss modern timber construction without reference to the glues or adhesives
that make the various techniques possible. Amongst the earliest types were the urea-formaldehyde
based glues which were claimed to be waterproof but it was found that water-resistant was a more
realistic description.

Next came Resorcinol glues, which are a phenol-formaldehyde and truly waterproof and in the early
1960’s epoxies arrived on the scene; these were the breakthrough in modern timber boat building

techniques that assured longevity in modern timber boats. Interestingly, although now overshadowed



This wood epoxy
Roberts 434 was
built in Germany
and used in the
charter trade. The
custom designed
shoal keel has
worked well in the
area where she

operates.
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by epoxies, resorcinol may be the better glue in many respects as it has superior performance at high
temperatures and is less work sensitive however, the adaptability and versatility of epoxy has made it
a more readily acceptable boatbuilding bonding material. Epoxies can be a glue, a resin and, with a
filler, a fairing compound.

You can now buy moisture cured polyurethane glues which use the moisture in the timber to accelerate
their cure without any other form of hardener. These types of glue are not suitable for all applications
and not recommended for general boatbuilding use in any case check the suitability of any of these
adhesives with your supplier.

By the mid seventies, fibreglass construction was becoming well established, steel small boat
construction techniques were beginning to be accepted and so the scene was set for a decline in the
numbers of boats built of wood. What stopped a total decline in the use of timber in boatbuilding is the
rise in popularity of Wood/Epoxy construction; these new materials and techniques played an important
part in retaining the modest interest in wooden boatbuilding that exists today.

It is noticeable that the continuing interest in wood is not evenly distributed around the world. In
certain areas countries Germany, Scandinavia, parts of the USA, Canada and others with their own
adequate timber resources, the interest in wooden boat construction is stronger than in other parts of the
world where timber is scarce and expensive. Builders should always consider the availability of the
various boatbuilding materials in their own area before making a final selection as to which is best for
their boatbuilding project.

If you feel that building and owning a wooden boat is your type of challenge; that it is worth the extra
time, effort and additional maintenance common with timber boats, that is reduced but not eliminated

in wood epoxy boats; that it is worth the extra costs, as they are expensive to build, and finally, you are



This Roberts 532 wood epoxy hull was built in Brazil where fine boatbuilding timbers are plentiful.
Two years after this photo was taken we received another photo of this boat rigged as a staysail

schooner.

prepared to accept any disapproval from some members of the ecology minded community then a
timber boat may suit you. I do agree that the *dock appeal’ of a well finished wooden boat is unbeatable.
A good point to remember is that “pride of ownership’ is an important feature of building and owning

any boat.

Earl Rentmeester photo.
Here we see a round bilge
temporary frame being
assembled for a wood
epoxy Roberts 434 round
bilge hull.

COLD MOULDING

Cold moulding has been around for many years and is still very popular for building all types of hulls.
In boat building, the process of cold-moulding is simply the practice of building a hull using laminated

multi-diagonal layers of veneers or plywood over a temporary male mould, in the case of a frameless



This Roberts 532 wood epoxy hull was built in Brazil Two years after the photo on the previous page was
taken we received the shot shown above of this boat rigged as a staysail schooner. Note the natural finish
has been replaced by a regular paint job !




hull, or over a permanent frames and stringers where the hull is built using more traditional techniques.
The easiest and most popular way to construct a cold moulded hull is to build it inverted that is upside
down. After the planking is completed the hull is then turned upright and the interior is added along
with the deck and superstructure. These days cold moulding and the now the more commonly used

wood / epoxy techniques are combined to build a hull. This may involve using one layer of fore and aft

strip planking followed by 2, or more subsequent layers of diagonal planking as described below.
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On a chine hull the plywood planking can be installed in larger strips and in some parts of a

developed hull, full or partial sheets can be fitted in one piece.

Once the frames are
erected and checked it
will be time to start
installing the hull
planking. Photo by
permission of Rob
McGill and Nina

Morissette.




After completing the temporary or permanent male mould, the first strip of plywood or veneer is fitted
at about the centre of the hull and laid in place at approximately 45 degree angle and then nailed and
glued or stapled in position on the mould structure. See illustrations and photographs for a clearer
description of installing the veneer or plywood planks on the mould.

Each subsequent plank has to be shaped to fit next to the previous one; this is easily accomplished by
using a small palm plane to trim the edge of each subsequent plank so it fits snugly against the previous
one. Do not try to force a fit as this will create problems when you go to install the next layers of
diagonal planking. The second layer is glued and stapled diagonally on top of the first layer, removing
the staples (if used) from the first layer as the second is fitted. A hull can have 3 to 8 layers of veneer or

plywood depending on the design.
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If you are building a cabin top with compound curve as in the Spray 22, then it will be much easier
to plank if your use diagonal ply planking rather than try and force sheet plywood into a twisted

shape; also make for a very strong cabin top.

Sometimes the final layer is laid fore an aft; this is usually the practice if it is intended to finish the hull
‘natural’ that is using a clear protective coating on the hull structure.

Plywood is quicker to install than veneers but is usually heavier so if you are building a lightweight
racing boat veneer would be your choice and plywood may be preferred for a “not so light” cruising
boat. An all veneer hull should be stronger than a plywood one; the reason for this is that in the plywood
planked version there are many layers of short grain across the planks as is normal when plywood
sheets are cut into strips as used for building using the cold moulded method.

When you think of veneer this material can be anything from 1/8 inch to 1/4 inch (3 mm to 6 mm)
in thickness and still usable as the diagonal planking material for your cold moulded hull. I personally

would veneer over plywood planking but cost, availability and your personal choice may cause you to



use plywood planking. Provided you choose good quality materials and pay attention to detail, you
will still end up with a fine hull no matter if you choose veneer or strips of plywood as the basic
planking material.

The hull is then sheathed in fibreglass, Dynel or carbon fiber cloth which can be applied to one or
both sides depending upon the design. The cold-moulding technique using veneers is commonly used
in high performance multihulls and racing monohulls whereas cold-moulded plywood is more common
in cruising boats. As far as the one-off builder is concerned, cold-moulding is a relatively straight
forward process. Using full-size frame patterns, the basic structure goes together quickly as does the

application of the veneer or plywood.
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This timber hull on this Centennial Spray 38 hull is finished with two layers of diagonal planking

followed by two layers of fibreglass cloth set in epoxy resin.

STRIPPLANKING -WOOD EPOXY

As mentioned above when it comes to building a timber hull there is considerable cross over between
the technique known as *Cold Moulding’ and the Wood Epoxy building methods.

Strip Planking can be put into two categories — Traditional and Modern.

The Traditional strip planking technique relied on permanent internal frames and stringers to provide
the necessary transverse strength. Internal fastenings joined the planks to the frames and edge nailed
them together. This eliminated the need for caulking however very accurate tight fits were needed
between the strips and availability of waterproof glues to seal the joins between the planks made the
process much simpler. This traditional method of strip planking has almost entirely been replaced by

the modern wood/epoxy system.



LEFT & ABOVE

This is a Wood Epoxy
Roberts 246 built using
the strip plank technique.
As you can see the builder
is making a very nice job
of building this hull and
deck. Note the cast lead
that has been bolted to
the timber keel.




With Modern strip planking, commonly known as wood/epoxy, the most common timber used is Western
Red Cedar and instead of edge nailing strips together and onto frames, each strip is only temporarily
fastened to the building frames and, when the process is complete and before fibre glassing, the nails
are removed and the holes filled. The hull is sheathed with fibreglass both inside and outside providing
the strength to replace frames and stringers. Internal fittings such as bulkheads, bunks and furniture
would all be structural, and contribute to the strength. The structure is, in effect, a fibreglass sandwich
panel. The weight and type of glass depends on the size of the craft and should be specified by the

designer.

This is the
construction shown
in the area of the
bow. From forward

end of strong-back,

installation

BUILDING FRAMES

Depending on the design you have chosen, your plans may call for permanent frames or for the frames
to be used only as temporary mould formers, to be removed after the hull planking is complete.
Permanent bulkheads can be utilized, as part of the setting up of the hull framework. If the frames are
to remain in the hull, you will need to build them out of first grade timber or have them laminated to
achieve the most strength for their size and weight. If you are fortunate, your plans will have been
supplied with full size patterns and these can be laid on plywood sheets to enable speedy assembly of
the frames.

THE TRANSOM

The transom can be assembled and installed at the same time as the frames or later, if you feel it is more
convenient, for access to the inside of the hull. It is usually simpler if the transom is left out so we
include the frame past the transom position so that the whole hull can be planked before turnover. After

turnover, the transom can be fitted and the hull trimmed.



Building a boat is just a matter of performing one simple (or not so simple) task one
after another. Below we show examples of some amateur boatbuilders who have succeed
in building attractive and sea-worthy hulls. Our experience is that the hull is the most
daunting part of the project and once you have managed to get past this part of the
project then as they say ‘the going gets easier’ Good boat-building!

Once the frames are constructed
they are set up and the first
stringers are installed as shown
on this Roberts 434 wood epoxy
hull. Note the pre-laminated rib
that was formed using the
outside of the hull mould as a
pattern; this rib will later be
installed inside after the hull is
turned upright. This illustrates
a good case the forward
thinking. Earl Rentmeester is
the builder and he kindly
supplied this series of
photographs.

Here is another view of Earl’s frames and stringers. Note the piece of plywood lying along the stringers;
this is used to check the structure for fairness. The strip of plywood represents one strip of the first layer
of plywood. This strip will be laid diagonally over the stringers at various points to make sure that the
frames and stringers are all fair and ready to receive the plywood planking that forms the finished hull
laminate. Also note the clamping of the joins of top stringers; these are clamped together to provide a
one piece stringer.



ASSEMBLING THE BASIC HULL STRUCTURE

Once you have made the frames and stem you can set up your hull, usually, on a strongback or,
occasionally, on a level floor depending on the designer’s arrangement. You should read the chapters
in the fibreglass section of this book dealing with setting up a male mould. The techniques for building
the fibreglass male mould and setting up a Wood/epoxy hull have a lot in common.

After you set the frames up on the strongback, you should install the stem and stringers or battens,
depending on whether it is intended that the frames and stringers stay with the hull see under Traditional
or Modern in Strip-Planking section.

Generally speaking, Wood/epoxy hulls are built over a temporary mould with reinforcing in the form
of fibreglass and internal support from the furniture but they can be built with the frames and stringers
in place. The idea of a lightweight shell, with a clean interior, ready to receive laminated web floors,
laminated bulkhead grounds and other interior joinery has considerable appeal and is less likely to trap
moisture. Today we build most modern timber hulls upside down and they are turned upright after the
planking. You can install the transom at any stage before the deck is added. Usually the stem, the
keelson, the deck stringer or deck shelf and transom if installed at this stage, will all remain with the
hull when it is removed from the mould former.

FAIRING THE BASIC STRUCTURE

Once the frames, stem, keelson and stringers are in place, you will need to fair off the keelson and stem
and other areas that need to be bevelled to receive the planking. Be careful not to over bevel any one
area however, if you do make a mistake, you can glue a piece of timber on to the affected area and
simply re-bevel to the correct angle.

Use a batten to check over your basic hull structure and to check that you have the bevels at the
correct angles to receive the veneer or plywood planking. In the case of a chine plywood hull the setting
up procedure will be similar except the chine stringers will stay with the hull even if the frames are
removed. Infact, itis more usual to leave the frames in a chine hull.

INSTALLING THE PLANKING

The builder’s next decision will be how he is going to install the hull skin. Generally speaking, your
hull shell will be between ¥2” [6mm] for say an 18 foot boat, up to a thickness of 2 inches [50mm] for
a 60 foot vessel. We recommend for the smaller and lighter skinned hulls, an all timber veneer
laminate. Forasay 3/8" [9mm] hull skin, three layers of 1/8" [3mm] veneer would be ideal. Once the
total thickness required is over say 5/8" [15mm] you may consider a combination of strip planking and
veneer. You could have an all strip planked hull with at least one layer of veneer to finish off the

exterior. Your plans will specify the hull thickness for the boat you are building.



Note the neat joins in the
plywood strips which
have been pre-scharphed
into suitable lengths to fit
diagonally on to the hull
framework. If you can not
obtain plywood or veneer
of suitable lengths then
you will need to pre-
scharph the strips or have
the sheets pre-scharphed
by the outfit who supplies
of the plywood or veneer
for your wood epoxy
boatbuilding project.

Here we see Earl Rentmeester
fitting and installing one of the
diagonal strips in the first layer of
hull planking. A small ‘palm
plane” will be useful to make final
adjustments to each plywood strip
to make sure that it fits snugly
against its neighbour. Note the
protective knee pads, always
remember to wear safety gear
appropriate to the work you are
doing at the time.

Next job is to install the
second and subsequent layers
of diagonal plywood or
veneer. Note the neat first
layer, all strips fitting close to
their neighbours plus the
strips are all neatly trimmed
at the sheer line. See how the
first strip of the second layer
is allowed to go past the
sheer; this is good practice
for all strips but make sure to
trim all before proceeding to
the next layers of plywood or
veneer.



Once the total number of layers as
called for in your plans have been
installed the next job is to fair the
entire hull using a flexible sanding
board say 3 ft—3ins/1m long by
6 ins/ 150 mm wide and say ¥4 in
/ 6 mm thick; try some different
thicknesses of sanding board to find
the best thickness and length for
your particular hull fairing and
sanding application. Fill any ir-
regularities with epoxy filler before
proceeding. Now install the stem
capping as shown here. Note that
the waterline has been clearly
marked so that it will show through
the fiberglass sheathing that will be
added in the next step of the hull
construction process.

Here we see the protective layer of fiberglass cloth laid out ready for installing using epoxy resin. The
builder has pre-measured all the panels of fiberglass cloth so as to make for easier and more organised
working conditions when installing the epoxy saturated fiberglass material. The grain of the timber
and previously marked waterline will show through the clear finish created by the epoxy saturated
fibreglass cloth. We do not recommend timber boats being left with a clear finish as you will need to
use a special UVA protective varnish; also this finish always requires far too much maintenance for the
serious cruising yachtsman.



AABOVE & LEFT: Views of the coated hull, this
shot shows the stripe left to reveal the waterline
marking. You will note that this area is still clear
even though it is covered with the epoxy fibreglass
laminate. Also note the laminated timber “flat keel
area’ where the ballasted keel will later be attached
by bolting it to the hull; also note the interior stiffen-
ersand web ‘floors’

BELOW: The hull is now upright and requires
careful levelling to ensure that the decks,
superstructure and interior joinery can be properly
installed. Here we see Earl Rentmeester using a
regular carpenters level but he will also be able to
use a clear tube water level in other areas including
the levelling of the waterline from the outside of the
hull.




ABOVE: In this view you will
notice that the transom is not
installed. It is common practice
to leave the installation of the
transom until much of the
interior work is completed; this
allows more light to enter the
work area as well as making
more convenient access to the
inside of the hull at this stage of
your building program.

LEFT: This design can be built
with minimum permanent
frames. As you can see the
temporary frames have been
removed from the fore section of
the hull and the forward
bulkhead ground, stiffening web-
floors and inner keelson have
been added to the interior. Only
remove the temporary frames as
you need access to work on
adding interior stiffening
members etc., you want to keep
the shape of your hull until the
bulkheads and other interior
work is as advanced as possible
in any particular area of the hull



PLANKING Cont.

The completed hull is then finished with a number of layers of fibreglass, dynel or carbon fibre and
epoxy resin. Two layers of cloth set in epoxy resin weighing 18 oz per sq yard or 500 grams per square
metre would be about right. Larger boats say those over 36 ft or 11 m on deck, may benefit from
additional layers of glass.

If you are building an all veneer hull, you could consider using 1/8" [3mm] or better still 3/16"
[4mm] plywood for the first layer. \eneers are often too soft to bend evenly when not totally supported
as happens when laminating over stringers or battens. The plywood will bend much more evenly and
provide a better base for the following layers of veneer that make up the remainder of the hull skin. In
some powerboat hulls, we recommend that you install the plywood planking in two or three or more
layers as it would be virtually impossible to install the thicker plywood at one go and, because of the
shape, it is often necessary to use plywood strips around the bow even if the remainder of the boat is
sheet plywood. As plywood comes in large dimensionally stable sheets it is possible to plank large
areas of a hull quickly and easily. However plywood can only be bent into a compound curve with
great difficulty, and there are limits to how tightly it may be bent before breaking.

ROUND BILGE HULLS

For round bilge hulls, the first layer of plywood will usually be installed in strips varying in width from
3" [75mm] to 18" [460mm]. The strips or panels will usually be installed at the 45 degree diagonal.
The width of the strips will vary depending on the shape of the hull as tight curves will call for narrower
strips and flatter areas will allow the use of wider strips. Up near the bow should be the area with the
least curve and so the strips can be wider. Only trial fittings on your hull will tell you how wide the
strips can be on the different areas of your hull.

No matter where you start the planking, make sure that you install both sides simultaneously. Under
no circumstances plank all one side before starting on the other as you will end with a twisted hull. For
best results, apply one strip on one side then one on the other side working your way along both sides,
forward or aft, in this manner.

TRIMMING THE PANELS

You will find that each strip or panel has to be fitted snugly to its neighbour. Itis not just a matter of
cutting the sheets of plywood or veneer into strips and laying them side by side at a 45 degree angle.
You will discover that as the panels are laid around the hull, they twist slightly and each new panel will
need a little bit of trimming. Fortunately, this is a quick and simple matter to rectify by trimming off
the excess material where the edges overlap the previous panel. After first attaching the strip to the
keel, the excess can be gauged and trimmed off with a small hand plane, or if the overlap is considerable,

it can be marked and removed for trimming using band saw or jig saw.



Make sure you get a good fit, because if you force the panels into place by pushing them sideways they
will not want to lay flat and you will never achieve a smooth hull finish. Any forcing a fit may result
in a hull that will have a series of lumps and bumps that will be hard to remove when you install the
subsequent layers; the fit of the first layer is very important. The idea of using plywood for the first
layer is set up a smooth skin to receive the remaining layers but, if the designer specifies a certain
sequence then, that should be followed regardless.

Glue and nail the first layer to the stem, keelson and the deck stringer. If the intermediate stringers
are to stay in the hull, then the panels can be nailed and glued to them as well. If the stringers or battens
are to be removed, then you staple the strips only and these staples are removed before the next layer is
attached. There is no need to edge glue the panels as on subsequent layers, the glue will seep through
and create a bond between the edges.

Before you start to install the second layer of veneer or plywood, you should check for any gaps
between the strips and, if any are found, tape inside the join to stop any glue seeping through and
running down the inside of the hull — saves a lot of work later.

When you have completed the installation of the first layer, the next step will depend on the required
number of layers for your hull. 1f the plans call for the installation of three layers, it is possible, for the
second layer, to use wider strips as long as they lay flat. If you find that wider strips are hard to fit,
revert to the narrower diagonal strips as used for the first layer but in a diagonally opposite direction.
CHOICE OFADHESIVE
These days, we assume most builders will be using epoxy glue between the layers however, there are
some drawbacks to using epoxy compared to some other adhesives. For instance, some glue’s may not
have the ultimate strength of epoxy resins, but are more forgiving when it comes to working in less than
ideal conditions. To make the most of the qualities of the true Wood/Epoxy techniques, you should be
working in an environmentally controlled area. Temperature control is important as is the absence of
high humidity. You will need to decide how your building site will measure up and choose your glue
accordingly. See: “Recent History”

MARK STRINGER LOCATIONS
Itis always wise to mark the positions of the stringers and keelson on each layer of veneer/ply panels.
This will give you their location when installing subsequent layers of plywood or veneer and it will
also be necessary to have a person inside the hull with a “dolly” to make sure you are getting a good
tight fit as you nail or staple the first layer to the stringers, stem, deck shelf and keelson. Any bouncing
or spring back as you nail or staple will often prevent a good join. The marked stringer locations will
give you the positions through which to staple or nail the second layer to the first and so on. You
should either nail or staple the first layer to the keelson and nail or staple to the stringers depending

upon whether the mould is permanent or temporary. If the first layer of plywood or veneer curls a bit



at the edge as it passes around the bilge area, you will usually find that the second diagonal layer will
pull it into place.

SELECTING THE FASTENINGS

Over the years we have used several types of staples, one being the common galvanised wire type and
the others stainless or silicon bronze. It is always sensible to remove steel or galvanised staples
whereas the stainless or silicon bronze types could be left in the hull but better removed.

Some builders opt to lay the final layer in a fore and aft direction. Unless you are going to finish the
hull clear, I don’t think it matters which way you install the various layers as long as you have a good
bond between the veneers. Abalanced lay up is essential and by balanced | mean that all the layers do
not run in the same direction. The plans you are using should give you precise instructions as to the
procedure and sequence for applying the hull skin.

FAIRINGAND FINISHING THE HULL

Once the hull has been planked the next job will be to fair off the stem and fit a trim strip. Then, dress
off the bottom of the keelson to accept the laminated timber keel. Any raw end grain of the plywood
should always be covered by a timber facing such as at the stem where the trim strip will take care of
that exposed area. The timber keel can be laminated in position and can be reinforced with copper
bolts. Next, give your completed hull a good check over and dress off any unfair areas before you
sheath the entire hull, keel and the skeg with a layer or more of fibreglass or Dynel using epoxy resin.
TURNING THE HULL

Next job will be to turn your hull upright. As the methods are similar you should read the chapter
covering the subject of turning over fibreglass hulls. Once the hull is upright and level on all planes
your plan may call for applying epoxy resin to the inside of the hull before you are ready to continue
with the fitting out of the interior and the installation of the decks and superstructure. The operation of
turning the hull is similar whether your hull is built of timber, fibreglass or steel so please read the
relevant chapters for additional advice on this important operation.

SOLID FLOORS -WEB FLOORS

Solid floors also known as web floors; these terms do not refer to the area you would walk on, they are
in fact structural members. These ‘floors’ are installed athwart-ships at the lower end of frames under
the sole (the area you do walk on) and usually have a function of assisting in tying the bottom of the
hull to the keel area; they add strength where it is needed at the between the hull and keel. You may find
it easier to fit the solid floors during the framing of the hull, rather laminate them in place later. Our
plans have used both methods and each approach has its advantages and disadvantages. Your plans

should guide you as to the best sequence for your particular design.



Itis usually preferred in chine type hulls to attach the floors to the frames in such a way that they can
be faired off with the stringers and the rest of the framing and then the hull skin can be laminated
directly on to the floors. On round bilge hulls involving a “bolt on keel” it may be best to laminate leaf
spring type floors into the hull after turning the hull upright. Again, your plans should guide you as to
the best sequence for your particular design.

TRADITIONALAND NOT SO TRADITIONALPLANKING

Before leaving the subject of building your hull, we must give some consideration to the traditional
strip planking technique. Today, if you are thinking of building in timber, then you really only have a
choice between strip planking and cold moulding using plywood. Both methods are relatively straight
forward and do not demand particular skills that would be the case with even more traditional timber
building techniques and, the final decision should rest with the availability of suitable building materials.
If you are strip planking the timber is cut to %" to 1 %" [20 to 30 mm] thickness and can either be
square in section or a little deeper for example %" thick x 1 %" deep [20 x 30 mm]. The planks are
“edge glued” one on top of the other. Traditionally, strip plank boats are built upright however | have

seen this type of hull built upside down.

The framing for traditional planking is somewhat larger than used for more modern wooden

boatbuilding techniques. Watch out for the conservationists if you choose this method!



Note the heavy keel timbers, heel,
stern tube, steam bent frames and
temporary stringers that will be

removed as planking proceeds.

Bow area of a
traditionally planked
Spray hull, note bent
ribs, stem and outer

planking.



FRAMING

You will require temporary or permanent framing made up of sawn or laminated frames similar to
those used for any mould. Sometimes when the hull is built upside down, the method is to install the
planking up to the keelson and then a laminated keel is fitted in the manner described earlier in this
chapter. With traditional strip planking, the planks are fitted one on top of the other and are edge
nailed and glued one to the other. This method of construction provides a strong hull that needs the
minimum of interior framing. The planking timber may be dressed with square edges or may be
machined to a concave section on the top and convex on the bottom. This machining of the planks
allows them to lay one on top of the other and to follow the curve of the hull frames with a minimum of
dressing of each plank. When using square edges, it is usual to dress off the top of each plank after it
has been installed to provide a surface square off the frame on which to lay the next plank. Either
method is satisfactory although, as the planking will usually not go on up the hull in an even manner,
it will be necessary to spile in short planks in certain areas. Some advantages of the specially milled
timber are lost when you have to do this.

BALLAST KEELS ON WOODEN BOATS

For sailboat builders using any timber building method, there is one critical area common to strip
planking, moulded plywood and other timber method in that you will need a separate keel casting of
either lead or iron as ballast and this will have to be attached with keel bolts through the keelson.

If you are building a traditional strip plank hull, you will set up your ballast keel and the timber keel
first and work upright from there. The mould frames are set in place with the stem and transom. The
planking starts at the keel with the first plank let into the rabbet and the remainder of the planking
installed as described above. If you are using Modern timber methods, you will build you hull upside

down in the usual manner and attach the ballast keel after turnover.

The ballast has been fitted in the
Spray 38. It makes sense to me to
form the mould for the ballast as
part of the laminated timber keel
structure and then cut out the part
where the ballast is to be located
and us this part as the mould for
the lead ballast. By permission of
Rob McGill & Nina Morissette.
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This drawing from the Roberts 345 plans shows the keel ballast bolted in place. Also not the web
floors to accept the plywood sole.

STRIPPLANKING THE HULL-TRADITIONAL METHOD

Building upright, the first plank that connects to the keel is called the garboard and this plank may need
to be somewhat wider than the rest. As the garboard plank sets the stage for the remainder of the
planking, it is best if it is wide enough to be shaped on the bottom to fit the keel and to have a level top
face as this starts the strip planking off on an even surface. As the planking proceeds up to the bilge
area, it will often be necessary to taper the planks or lay in a few stealers in the centre of the bilge area
otherwise you would finish with the planking too dished in a fore and aft direction by the time it
reached the deck. The idea is to reach the deck level with one long continuous plank, rather than a
series of short ends of planking towards the bow and stern of the hull. The methods you use to ensure
that the planking is level when it reaches the deck will depend on the design you are building. In
general, the beamier the design, the more stealers you will need to ensure a neat and efficient planking
job. Before you start the planking you will have decided whether you are going to be using square edge
planking or the convex, concave variety. As mentioned earlier, the planks can have a greater depth
than thickness. It isa fact that the planks bend into place better if they are rectangular in section rather
than square. Usually the depth is best at 1.5 times the thickness.

FASTENINGS

There are two basic choices for the adhesive, epoxy or resorcinol. As for the nails, you can use a
combination of copper and silicon bronze. Usually copper nails can be used to fasten the strips but, if
a harder nail is required, silicon bronze is the answer. The main function of the nails is to hold the
timber together until the glue is set so it may be wasteful to pay the considerably extra cost for silicon
bronze nails if copper will do the job. As with many decisions you must make during the building of

your boat, the depth of your pocket will have a bearing on your final choice.



LEFT: This photograph shows from
left, one of the ribs, a partial bulkhead,
the inner keelson, web floors and a
covered portion that is where some
of the tankage will be located under
the sole area.

BELOW: Another view of the same
area as shown in previous
photograph. Note the inner keelson,
laminated ribs, web floors and the
partially installed cabin sole. This is
a good time to ascertain where the
lowest point of hull is located; make
sure you provide for drainage of any
bilge water from the ends of the hull
to area where you will install the main
bilge pumping system.




LEFT: The cabin sole should be
installed in such away so in cases
of emergency that at least the
centre section is removable. The
installation of large joined up
panels of sole plywood that finish
under some permanently
installed joinery such as settees
etc., is not recommended. In any
case all sole areas must have
inspection panels and can often
provide stowage areas for tinned
goods etc. This photograph also
shows one of the bulkheads with
top area shaped to take the cabin
sides and cabin top.

BOTTOM: Here we see more of
the bulkheads shaped to take the
decks, cabin sides and cabin top.
In this view you can clearly see
the substantial laminated sheer
stringer as well as various
bulkheads that are used to divide
the interior into usable living
space such as the head(s) galley
etc. Finally you can see Mary
Rentmeester who is surveying the
size of the Roberts 434 interior.




Time to check the room in the various accommodation areas; Mary Rentmeester agrees that there is
sufficient elbow and headroom in this head compartment. If you have room in your boat it is advantageous
to have individual and separate head and shower compartments each fitted with a small hand basin and
then perhaps one general head with a combination of all elements included in the one area. This is
generally preferable to two or more all purpose compartments.




We are looking
forward to where the
pilot h ouse will be
installed - note the
pilot house raised
sole.

Looking aft - the pilot
houese is already in place
in this photo - see more
of pilot house in later
pages by Earl Rentmeester

Here we see the
laminated deck
beams in the flush
deck area; note the
fore and aft
intercostals that are
added between the
beams. This area
will gain much of its
strength from the
laminated layers of
plywood that are
used to form the
deck structure.




INTERIOR FRAMING

Once the hull has been completely planked and cleaned off, then the temporary framework can be
removed and any laminated frames that are specified in the plans can be installed. Generally there are
laminated frames where the bulkheads are to be attached to the hull and in some larger designs, a series
of laminated frames may be specified throughout the hull. Sometimes the setting up, frames or formers,
are laminated frames that remain with the hull. This system of permanent frames is usually reserved
for boats of over 50 feet [15 meters].

Any intermediate floors not previously installed as part of the setting up process are now fastened in
place. The bulkheads may be installed and it is often best to leave them standing up square well above
the sheer so that the plywood can be marked out with the side deck width, cabin lay-in and cabin top
camber. The interior may be roughed out at this stage and any large items such as engine, tanks and
large panels of plywood required for the interior, should be in the hull before you start work on the
decks and superstructure.

The cabin sole can be fitted, keeping in mind you will need access to the area of the keel where the
keel bolts are and, in any case, it is always prudent to have removable sole panels. At this time you will
need to decide if you are going to use transverse or longitudinal deck beams. In the days of wooden
boats, all deck beams had to be installed transversely because the deck planking ran fore and aft. Now
that we have plywood to use for decking you may find it easier to use longitudinal deck beams or a
combination of both longitudinal and transverse beams. At the same time as you are installing the
beams, you should frame up for the cockpit coamings and hatch openings.

If you are planning a laid timber deck on top of the plywood sub-deck, then it would be better to use
transverse deck beams so that you will able to through fasten the timber deck planks unless, the deck
itself was thick enough to take these fastenings. Even if you use longitudinal beams and later decide
on a laid deck, you have the option of using the diagonal or herringbone design to pick up these beams.
Before you can fit any deck beams or decking, if not already in place, you will need to install the deck
shelf around the inside of the sheer.

After the camber is cut, you may decide to attach a transverse beam to the top of each bulkhead and
at the deck line before installing beams. This applies regardless of whether your main deck framing is
transverse or longitudinal. Even with transverse beams you will need a few short longitudinal beams
such as for the cabin top in way of the mast step and one in the fore deck, known as the king plank, in
way of the positioning of the mooring bitts, anchor winch or fore deck cleat. Fore and aft king planks

can be wider and shallower and can be checked into the transverse beams.



If you are installing transverse beams, these can either be sawn or laminated. Atypical beam would be
1 %" wide [45mm)] by, say, 2 %" [70mm] deep. This beam can be made up of laminations of 1 %4”
[45mm] wide by Y2 [12mm] with one thicker layer to make up the odd amount. The layers of timber
can be set up in a purpose made jig or made over a master beam assembled on the widest bulkhead. It
isagood idea to make up the beams well in advance.

These beams can be laminated, daily or weekly and set aside until needed —when made, be careful to
store them out of the sun and the longer you can leave the beams on the jig, the less spring back you can
expect. Once you have fitted all the deck framing , check it over and dress off any unfair areas. Make

use of a batten

laid diagonally
across  the
surface of the
deck framing to
make sure you
have no lumps
or hollows
which will give
you problems

when you start

to fit the
plywood
decking.

This photo shows the anchor locker bulkhead, deck carlin attached to the inside of the hull and

cabin side carlin where the side deck beams will be installed. This series of photos and those on
following pages are by permission of Rob McGill and Nina Morissette

T

'_ - Ul This photo side and fore deck beams

in place. Note the space in the bow area
where the anchor locker hatch will be

located.



Close up on the

deck beams.

Cabin top beams that were
pre-varnished before the

cabin top was installed.




PLYWOOD DECKING

When you are satisfied the framework for your deck is ready, you can you can start to install the
plywood decking. Your plans will tell you how many laminations of plywood will be needed to make
up the total thickness required. The first layer is nailed and glued to the deck framing and the second
and subsequent layers are glued and stapled to the first. At this stage, you can save a lot of time with
the use of air tools to fasten the decking.

Be careful not over nail the first layer to the beams. Remember the nails are only effective until the
glue has cured. Inthe case of the staples, these should be removed after the glue has set and between
layers.

When finished, you will need to cover the plywood decks with fibreglass as they cannot be left
unprotected and simply painting them would not offer sufficient protection. After the fibreglass has

cured the decks and cabin tops can be sanded and painted and a non-skid surface applied.
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This drawing from the Roberts 345 wood epoxy plans shows the steps in setting out the sole, side
decks, decks and cabin sides.

LAID DECKS

A laid deck can be structural or decorative. For a laid deck to be considered as contributing to the
structural strength of the vessel, the planking would need to be at least 3. [20mm] thickness and the
planks should be set in mastic or polysulphide and screwed to the beams or decking. The screws heads
should be at least %2 [6mm] below the surface of the planking and protected with timber plugs. If you
install a structural laid deck, you can reduce the plywood deck to compensate for the strength of the

overlay.



If you are intending to install a laid deck, it will need to look like a traditional installation, regardless
of whether or not it is only intended as a decorative non-skid finish. There are a number of ways to
accomplish this finish including buying pre-made decking, which can come in sections like plywood
sheeting with the grooves cut in to one side or, pre-prepared teak deck planking from specialists that
you can lay yourself or have their artisans do the job.

Before you decide to tackle the installation of a laid deck, be advised that it is a very labour intensive
operation and either you or your hired labour will take several days to install even a modest sized deck.
The planking can be laid in several ways. Traditionally, it would follow the curve of the sheer or it
could run fore and aft parallel to the centre line or a combination of the two or, may even be installed
diagonally at a 45 degree angle. Use silicon bronze or stainless screws, depending upon the deck type,
with the heads set below the surface to allow for a timber plug to hide the screw.

SHEATHING PLYWOOD DECKS AND SUPERSTRUCTURE

The best method of protecting plywood decks and superstructure is to sheath them with fibreglass or
Dynel cloth using epoxy resin. Polyester resin can be used but, if you want the best long lasting job
then, epoxy is the way to go. We have used polyesters for many years with satisfactory results but,
when there is a better product that is not too much more expensive, why not use it. Generally speaking
you need to use two or more layers of sheathing set in epoxy resin to get the best results. Two layers of
cloth weighing 18 oz per sq yard or 500 grams per square metre would be about right. Larger boats say
those over 36 ft or 11 m on deck, may benefit from additional layers of glass.

Before starting to sheath plywood decks and superstructure, you should fill all nail and staple holes
and any other blemishes. All holes should be filled flush with the face of the plywood and all corners
must be rounded to accept the fibreglass. Use a filler, compatible with the resin you are using, to create
aradius for the fibreglass sheathing to smoothly progress from cabin sides to decks, coamings to decks
and anywhere else that it is required.

After you are satisfied the decks and superstructure are ready to accept the fibreglass sheathing, give
the whole area a coat of thinned resin and allow this to cure before proceeding with the sheathing.

Any excessive moisture content in the plywood will prevent you achieving a lasting bond between
the fibreglass and the plywood decks and superstructure so be sure that the plywood is dry and the
humidity level acceptable. Even if you plan to install a laid fibreglass deck over the plywood, it is
still advisable to install at least one layer of fibreglass between the plywood and the laid timber deck.
A fibreglass finish will form an excellent seal for the cabin sides and other areas where there is no laid
decking. Ifyou follow our advice on the above matters, you should have a totally waterproof deck
that will last indefinitely. Once the sheathing is complete and the resin has cured it will be necessary to

apply a non-skid finish to all horizontal surfaces.



The pilot house and cabin sides are now in
place - note the fore and aft beam at top of
sides that will accept the ends of the cabin top
beams which are notched into this timber.

The pilot house top is now in place
along with the framing, mullions and
cabin top grounds for the PH
windscreen. Earl Rentmeester photos.

The plywood planking
IS now nearing
completion on the pi-
lot house and forward
cabin. The corners will
be rounded to give an
attractive appearance
and the whole struc-
ture will be sheathed
with fiberglass cloth
set in epoxy resin.




TOP:

Here we can see the
bulkhead attached to
the pre-laminated
bulkhead ground that
is in turn attached to
the hull stringers.

BELOW:

The overall view of the
pilot house top and aft
poop deck.Note that
some hatches have al-
ready beencutto letin
some light.

ABOVE:

Earl wanted to use a bit more lay-in in the pilot house
sides so found that there was not enough ‘meat’ left
in the top carlins so he solved the problem by using
bracket knees as is and was used in the aircraft
industary and elsewher; Earl Rentmeester photos.



Roberts 370 - Builder Graham Andrew - Australia

This is the start of a sequence of photographs showing the Roberts 370 wood epoxy sailboat being
built by Graham Andrew in Australia. This view shows the forward anchor locker bulkhead tabbed
in place, see the fairing of filler around the perimeter used to make the later layers of bonding fit in
such a way as to add extra strength to the attachment between the bulkhead and the hull. Always
avoid sharp corners between areas when working with fibreglass materials.

Graham Andrew had access to some local timber
which he had milled to the correct sizes to build
his wood epoxy Roberts 370



Above we see Graham taking off the frame
shapes from the full size patterns and getting
started on setting up the hull framework.




Make sure the floor and
strong-back are level in all
directions carefully check
that each frame is installed
level and upright; use ad-
equate bracing as necessary.

Close up view of the frames set on the
strong-back. Your plans will give you
advice as to how to set the frames up
so that no bevelling is required; a
great saving on work at this stage.

This is a good time to have a helping hand.
| think that those surf boards will remain
idle for awhile !




This photograph shows the
deck shelf which is located
below the sheer-line and
provides for a bulwark to
rise above the side decks.
Also see the shaping of the
bulkheads ready to receive
the cabin sides and cabin
top as well as one
temporary superstructure
former that will assist in
forming the cabin
structure; see later
photographs.

Another view from inside the pilot house
showing the deck beam with the official
number and length of the vessel carved
WL TR — e into the beam. For those who are not
L CINTTITHITT SRt S awate of this long standing tradition i
l" !.fﬁﬂ ll'“l” HHH; mekd ¥ was and generally st_|II IS ma_ndatqry_ in
i e : - any vessel to have size and identifying
: : number carved into a beam. The official
number is the registration number of the
vessel on the National shipping register
and it is mandatory that it along with the
- | length of the vessel be permanently fixed
to the vessel in a way so that removal
will deface a structural part of the vessel.
Some Jurisdictions require the weight of
the vessel also. Graham Andrew’s boat
is an Australian registered ship which
allows him to sail it out of Australia and
affords all forms of Consular help when
overseas if need be.
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ABOVE:

Here we see the sheet plywood installed on
the poop deck as opposed to the strip plank-
ing used to plank the cabin sides and top.

RIGHT AND BELOW:

The bulkheads and web floors are tagged
in place and the radius filler added to make
sure that the fibreglass bond between the
hull and the relevant areas will not have
any sharp corners where glass bonds are
known to be put under excessive strain and
often fail if not radiused at the corners.




These web
floors are des-
tined to be-
come part of
the tankage
system.

Note the baffles dividing up the
tank into sections; always make
sure there are adequate baffles
to avoid the liquids sloshing
around in a seaway and putting
abnormal loads on the struc-
ture of the tanks.

Here we see that tank tops are
in place and the pipes installed
ready for connection to where
the liquids will be used.




Here we see the sole framing in the raised
area in the pilot house. There will be con-
siderable useful room under thes sole
area so do not forget to allow for ad-
equate access via hatches.

More tanks with top and pipes
in place.

Another view of the pilot house sole area with the
forward cabin bulkhead in place; the framing of the
pilot house windscreen is just visible at the top of
this photo.



Here is another view
of the temporary
framing with the
strip planking being
installed to the cabin
sides and top. Note
the plastic protecting
the edges of the
temporary framing;
this will allow the
frame to be removed
without damaging
the inside of the
planking.

Graham Andrew elected to use
strip planking techniques to
build the decks and cabin
structure; our plans call for
plywood over a timber framing
to be used in these areas but
Graham is an experienced and
enterprising builder and he
chose the strip planking
method for the exterior of the
entire boat.

both areas.

The strip planking is made
over-length so that the cabin
front can be installed after
trimming the excess. The front
can either be flat in profile or
build up as a pre-laminated
curve made oversize and then
spieled to make a fit to the
existing cabin-top and sides. A
tip here is that if you are
missing a rounded template for
cabin front or for that matter
for a transom; generally the
deck camber pattern can be
pressed into service to form a
curve that will look pleasing in



Here is another
view of the pilot
house, bulwark
and trunk cabin.
Note the fine finish
that has been
achieved by
Graham Andrew in
building and
finishing  this
Roberts 370 strip
plank hull.

Here is a close up of the
pilot house framing. Note
the areas in the mullions
and the area surrounding
the window aperture that
have been rabated ready
to receive either armour
plate glass or high quality
Perspex or Lucite glazing.

Next the strip plank was covered
with two layers of fibreglass
cloth set in epoxy and sanded to
a fine finish. A little ‘elbow
grease’ or as much as is needed
can pay hansom dividends as
will be seen in the fine finish
shown in this photograph.



Graham is beginning to install the teak
deck. The margin planks are the first to
be installed all round the perimeter of
the decks and cabin top






This photograph shows the side deck planking proceeding at a steady pace. Graham Andrew worked
over the weekend to take these shots and allow us to see most of the deck planking in place.



All the margin planks are
now in place and the instal-
lation of the laid deck can
proceed.



The centreline ‘king plank’is shown here and the blocks of lead you see at the top of the photograph
are used to hold this wider plank in position while the adhesive sets and ensures that the plank
remains in place.




e

Here is a close up of the mitred join in the margin planks fitted to the cabin top. To assure a
professional finish remember to always use similar joins at the corners of margin planks and simi-
lar areas. NEVER fit teak decking without using margin and king—centreline planks. Study other
boats, take photographs and note how the professionals finish the planking in the various areas of
deck, cabin tops and cockpits etc




The king plank has now been ‘nibbed’ to accept the side and foredeck planks as they intersect
the centreline plank.




This section has the caulking material applied - Later all will be sanded to give the desired finish.







Here we see some of the interior joinery. Note the neat bulkhead attachment to the hull; if properly
thought out and carefully installed the lockers, berths and other interior joinery can add an enormous
strength to the hull of any boat.

The toe rail and poop cap rail put a nice and practical finish to the appearance of the Roberts 370




ABOVE: Time for the first of the finish coats. BELOW: Laid Decks are almost completed




ABOVE: View of side deck and fore-cabin top. BELOW: View as fore-cabin top nears completion..




ABOVE: General view side deck and fore-cabintop. ~ BELOW: Rubbing strip and cap rail.




ABOVE: Aft end of the side decks and step to poop. BELOW: Closer view of the foredeck area.




Here we see part of the coaming that has been arranged as storage as well serving its other purposes
including providing a base for sheet winches etc, Note how the curved areas were achieved by using
plywood strips. Sometimes you can create curves like this by scoring the plywood and then bending
to shape, any gaps in the outer surface of the curve can be filled with epoxy putty and sanded to a
smooth even rounded surface. Of course you can also laminate thin layers of plywood or veneer into

just about any curve or shape that you desire to incorporate into you boat construction programme.




RIGHT:

Here is a closer view
at the shiding hatch
and garage.

ABOVE:

We have seen this coaming
grow from the laminated
structure through
fiberglassing and now with
the top covered with the teak
decking. See previous page.

LEFT:

Here is an overview of the
main hatchway, sliding hatch
and hatch ‘garage’




Here is a small sample of the sole area com-
plete with teak planking. Note the mast support
which will be trimmed with timber or similar.

TOPand LEFT:
The decking on the cabin top and decks is now

completed, sanded and ready for use !




For the Spray enthusiasts here is - Building a timber Spray

Wood / Epoxy, Plywood, Strip plank, Round bilge timber.

You have a wide choice of materials when you decide to build your own Spray. The first few
Sprays that were built from our plans utilized fiberglass as the primary building material. It
was not long before we were asked to re-draw the plans to enable the Spray to be built from
other materials; in this case we decided that multi chine would be the most practical hull form
but we later prepared round bilge plans for this material. Plans for multi chine plywood soon
followed and the latest Spray plans include versions that can be built in strip plank timber.

MULTI CHINE PLYWOOD
Spray designs are available for building in multi-chine plywood hull form. The Spray 22, Spray
22, Spray 28, Spray 33, Spray 36 are the designs that area available as plans and patterns to
build in this manner. The advantage of using this building method is that if you are familiar
with wood working techniques and marine grade plywood is readily available in your area,
then this may be
the boatbuilding
method to suit
you. One thing to
| remember is
that while
s 2 plywood
' W l| construction
Sl 'lﬂ!|'|h| ﬁ|_ w -'ﬂ'l.‘.&' costs about the
=immey sameas
fiberglass and
more than steel;
the resale value
of plywood
boats is less
than with other
materials. If you
plan to keep
your boat for a
considerable
period and you
want to get sail-
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Multi chine plywood Spray 27 hull.

ing as quickly as possible; then you may want to choose that method.

ROUND BILGE, STRIP PLANK, LAMINATED TIMBER AND COLD MOLDING.
Firstly Iwould like to pay tribute to Blair Boats - The New Zealand boatbuilders
who have done such afine job of building the Centennial Spray 38 for Rob McGill
& Nina Morissette. A truly beautiful boat by competent and artistic builders.

For many years we were asked for ‘Wood Epoxy’ Spray plans. We would offer the Multi-chine
plywood plans as described above but many builders wanted ‘The real thing’ that is round
bilge Spray plans that could be built in strip plank, cold moulding or a combination of these
techniques. In certain areas countries including Germany, Scandinavia, parts of the USA,
Canada and several other areas with their own timber resources, the interest in wooden boat
construction is stronger than in other parts of the world where timber is scarce.



COLD MOULDING & DOUBLE DIAGONAL PLANKING.

Cold moulding has been around for many years and is still very popular for building all types
of hulls. In boat building, the process of cold-moulding is simply the practice of building a hull
using laminated multi-diagonal layers of veneers or plywood over a temporary male mould, in
the case of a frameless hull, or over a permanent frames and stringers where the hull is more
traditional. After building the male mould, temporary or permanent, the first strip is nailed and
glued or stapled in position and each subsequent strip has to be shaped to fit the previous
one — this is easily accomplished with a small palm plane.

The second layer is glued and stapled diagonally removing the staples (if used) from the first
layer as the second is fitted. A hull can have 3 to 8 layers of veneer or plywood depending on
the design. Plywood is quicker and easier than veneers but is usually heavier so if you are
building a lightweight racing boat veneer would be your choice and plywood for a “not so
light” cruising boat. and ideal for the Spray. The hull is then sheathed in fiberglass, Dynel
cloth which can be applied to one or both sides depending upon the design. The cold-mould-
ing technique using veneers is commonly used in high performance multihulls and racing
monohulls whereas cold-moulded plywood is more common in cruising boats.

As far as the amateur builder is concerned, cold-moulding is a relatively straight forward
process. Using full-size frame patterns, the basic structure goes together quickly as does the
application of the veneer or plywood.

Frames are cut from
17X 8 -25mmx 200
mm timber or 3/4”’-
20 mm plywood if
preferred.

The two photos
below are by
courtesy of Rob
McGill & Nina
Morissette.

Wood Epoxy hulls are normally built inverted  First and second layers of diagonal planking in
and rolled over after planking is completed. place on this round bilge Centennial Spray 38 hull



STRIP PLANKING — WOOD EPOXY

Strip Planking can be put into two categories — Traditional and Modern. The Traditional strip
planking technique relied on permanent internal frames and stringers to provide the neces-
sary transverse strength. Internal fastenings joined the planks to the frames and edge nailed
them together. This eliminated the need for caulking however; very accurate tight fits were
needed between the strips and waterproof glues to seal the joins made the process simpler.
This traditional method of strip planking has almost entirely been replaced by the modern
wood/epoxy system.

MODERN STRIP PLANKING

With Modern strip planking, com-
monly known as wood/epoxy, the
timber is instead of edge nailing
strips together and onto frames;
each strip is only temporarily fas-
tened to the building frames and,
when the process is complete and
before fibre glassing, the nails are
removed and the holes filled. The hull
is sheathed with fibreglass both in-
side and outside providing the
strength to replace frames and
stringers. Internal fittings such as
bulkheads, bunks and furniture would
all be structural, and contribute to the
strength. The structure is, in effect,
a fibreglass sandwich panel. The
weight and type of glass depends on
the size of the craft and should be
specified by the designer.

Today most stems are laminated our as shown above BUILDING THE FRAMES
but occasionally they may be cut from solid flat boards
and then laminated so that the laminations appear
when you look down on the stem. Deck and cabin
top beams are laminated in a similar manner as shown
above. Photo by and permission of Rob McGill
& Nina Morissette.

Depending on the design you have
chosen, your plans may call for per-
manent frames or for the frames to
be used only as temporary mould
formers, to be removed after the hull
planking is complete. Permanent
bulkheads can be utilized, as part of
the setting up of the hull framework. If the frames are to remain in the hull, you will need to
build them out of first grade timber or have them laminated to achieve the most strength for
their size and weight. If you are fortunate, your plans will have been supplied with full size
patterns and these can be laid on plywood sheets to enable speedy assembly of the frames.

ASSEMBLING THE BASIC HULL STRUCTURE

Once you have made the frames and stem you can set up your hull, usually, on a strongback
or, occasionally, on a level floor depending on the designer’s arrangement. The techniques
for building the fibreglass male mould and setting up a Wood/epoxy hull have a lotin common



Modern strip plank hulls are ‘Stealer’ planks are often required to
planked with the hull inverted. keep the planking on an even keel.

Photographs of the Centennial Spray 38 on this page are
by permission of the owners Rob McGill & Nina Morissette

After you set the frames up on
the strongback, you should install
the stem and stringers or bat-
tens, depending on whetheritis
intended that the frames and
stringers stay with the hull see
under Traditional or Modern in
Strip-Planking section.

Generally speaking, Wood/
epoxy hulls are built over a tem-
porary mould with reinforcing in
the form of fibreglass and inter-
nal support from the furniture but
they can be built with the frames
and stringers in place. Theidea
of a lightweight shell, with a clean interior, ready to receive laminated web floors, laminated
bulkhead grounds and other interior joinery has considerable appeal and is less likely to trap
moisture. Today we build most modern timber hulls upside down and they are turned upright
after the planking. You can install the transom at any stage before the deck is added. Usu-

Many times your plans will call for either strip
plank, double diagonal planking or a combi-
nation of the two as is shown here.

The transom is often fabricated
off the hull and added before or
after turn-over, check your
plans for details.




FAIRING THE BASIC STRUCTURE

ally the stem, the keelson, the deck stringer or deck shelf and transom if installed at this
stage, will all remain with the hull when it is removed from the mould former.

Once the frames, stem, keelson and stringers are in place, you will need to fair off the keelson
and stem and other areas that need to be beveled to receive the planking. Be careful not to
over bevel any one area however, if you do make a mistake, you can glue a piece of timber
on to the affected area and simply re-bevel to the correct angle. Use a batten to check over
your basic hull structure and to check that you have the bevels at the correct angles to receive
the veneer or plywood planking. In the case of a chine plywood hull the setting up procedure
will be similar except the chine stringers will stay with the hull even if the frames are removed.
In fact, itis more usual to leave the frames in a chine hull.

THE TRANSOM

The transom can be assembled and installed at the same time as the frames or later, if you
feel it is more convenient, for access to the inside of the hull. It is usually simpler if the
transom is left out so we include the frame past the transom position so that the whole hull can
be planked before turnover. After turnover, the transom can be fitted and the hull trimmed.

INSTALLING THE PLANKING

The builder’s next decision will be how he is going to install the hull skin. Generally speaking,
your hull shell will be between %4” [6mm] for say an 18 foot boat, up to a thickness of 2 inches
[50mm] for a 60 foot vessel. We recommend for the smaller and lighter skinned hulls, an all
timber veneer laminate. For a say 3/8” [9mm] hull skin, three layers of 1/8” [3mm] veneer
would be ideal. Once the total thickness required is over say 5/8” [15mm] you may consider
a combination of strip planking and veneer. You could have an all strip planked hull with at
least one layer of veneer to finish off the exterior. Your plans will specify the hull thickness for
the boat you are building. The completed hull is then finished with a number of layers of
fibreglass, Dynel or carbon fibre and epoxy resin.

If you are building an all veneer hull, you could consider using 1/8” [3mm] or better still 3/16”
[4mm] plywood for the first layer. Veneers are often too soft to bend evenly when not totally
supported as happens when laminating over stringers or battens. The plywood will bend
much more evenly and provide a better base for the following layers of veneer that make up
the remainder of the hull skin. In some hulls, we recommend that you install the plywood planking
in two or three or more layers as it would
be impossible to install the thicker plywood
at one go and, because of the shape, it is
often necessary to use plywood strips
around the bow even if the remainder of the
boat is sheet plywood. As plywood comes
in large dimensionally stable sheets it is
possible to plank large areas of a hull
quickly and easily. However plywood can
only be bent into a compound curve with
great difficulty, and there are limits to how
tightly it may be bent before breaking.

This jig was constructed to laminate various
part of the boat. If you plan ahead you can make
the jig multi-purpose; here it is being used to
laminate part of the transom. Photograph by
permission of Rob McGill and Nina Morissette,



ROUND BILGE HULLS

For round bilge hulls, the first layer of timber veneer or plywood will usually be installed in
strips varying in width from 3” [75mm] to 18” [460mm]. The strips or panels will usually be
installed at the 45 degree diagonal. The width of the strips will vary depending on the shape
of the hull as tight curves will call for narrower strips and flatter areas will allow the use of wider
strips. Up near the bow should be the area with the least curve and so the strips can be
wider. Only trial fittings on your hull will tell you how wide the strips can be on the different
areas of your hull.

No matter where you start the planking, make sure that you install both sides simultaneously.
Under no circumstances plank all one side before starting on the other as you will end with a
twisted hull. For best results, apply one strip on one side then one on the other side working
your way along both sides, forward or aft, in this manner.

TRIMMING THE PANELS

You will find that each strip or panel has to be fitted snugly to its neighbour. Itis not just a
matter of cutting the sheets of plywood or veneer into strips and laying them side by side at a
45 degree angle. You will discover that as the panels are laid around the hull, they twist

It takes considerable wood-working skill to create a transom like this one shown here on a Centen-
nial Spray 45 being built in Slovic Republic It also takes a lot of experience to create a smooth
flawless finish as is apparent on this beautiful example of the wood workers craft.



slightly and each new panel will need a little bit of trimming. Fortunately, this is a quick and
simple matter to rectify by trimming off the excess material where the edges overlap the
previous panel. After first attaching the strip to the keel, the excess can be gauged and
trimmed off with a small hand plane, or if the overlap is considerable, it can be marked and
removed for trimming using band saw or jig saw.

Make sure you get a good fit, because if you force the panels into place by pushing them
sideways they will not want to lay flat and you will never achieve a smooth hull finish. Any
forcing a fit may result in a hull that will have a series of lumps and bumps that will be hard to
remove when you install the subsequent layers; the fit of the first layer is very important. The
idea of using plywood for the first layer is set up a smooth skin to receive the remaining layers
but, if the designer specifies a certain sequence then, that should be followed regardless.

Glue and nail the first layer to the stem, keelson and the deck stringer. If the intermediate
stringers are to stay in the hull, then the panels can be nailed and glued to them as well. If the
stringers or battens are to be removed, then you staple the strips only and these staples are
removed before the next layer is attached. There is no need to edge glue the panels as on
subsequent layers, the glue will seep through and create a bond between the edges.

PLANKING THE HULL

Before you start to install the second layer of veneer or plywood, you should check for any
gaps between the strips and, if any are found, tape inside the join to stop any glue seeping
through and running down the inside of the hull — saves a lot of work later. When you have
completed the installation of the first layer, the next step will depend on the required number
of layers for your hull. If the plans call for the installation of three layers, it is possible, for the
second layer, to use wider strips as long as they lay flat. If you find that wider strips are hard
to fit, revert to the narrower diagonal strips as used for the first layer but in a diagonally oppo-
site direction.

CHOICE OF ADHESIVE

These days, we assume most builders will be using epoxy glue between the layers however;
there are some drawbacks to using epoxy compared to some other adhesives. For in-
stance, some glue’s may not have the ultimate strength of epoxy resins, but are more forgiv-
ing when it comes to working in less than ideal conditions. To make the most of the qualities
of the true Wood/Epoxy techniques, you should be working in an environmentally controlled
area. Temperature control is important as is the absence of high humidity. You will need to
decide how your building site will measure up and choose your glue accordingly. See: “Re-
cent History”

MARK STRINGER LOCATIONS

It is always wise to mark the positions of the stringers and keelson on each layer of veneer/ply
panels. This will give you their location when installing subsequent layers of plywood or
veneer and it will also be necessary to have a person inside the hull with a “dolly” to make
sure you are getting a good tight fit as you nail or staple the first layer to the stringers, stem,
deck shelf and keelson. Any bouncing or spring back as you nail or staple will often prevent
a good join. The marked stringer locations will give you the positions through which to staple
or nail the second layer to the first and so on. You should either nail or staple the first layer to
the keelson and nail or staple to the stringers depending upon whether the mould is perma-
nent or temporary. If the first layer of plywood or veneer curls a bit at the edge as it passes
around the bilge area, you will usually find that the second diagonal layer will pull it into place.
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The series of photos above show the process of shaping and
laminating the timber keel. Later photos will show the bal-
last added after turn-over. Photographs shown above by per-
mission of Rob McGill and Nina Morissette

SELECTING THE
FASTENINGS

Over the years we have used sev-
eral types of staples, one being
the common galvanised wire type
and the others stainless or silicon
bronze. Itis always sensible to
remove steel or galvanised sta-
ples whereas the stainless or sili-
con bronze types could be leftin
the hull but better removed. Some
builders opt to lay the final layer
in a fore and aft direction. Un-
less you are going to finish the hull
clear, | don’t think it matters which
way you install the various layers
as long as you have a good bond
between the veneers. Abalanced
lay up is essential and by bal-
anced | mean that all the layers do
not run in the same direction. The
plans you are using should give
you precise instructions as to the
procedure and sequence for ap-
plying the hull skin.

FAIRING & FINISHING HULLS
Once the hull has been planked
the next job will be to fair off the
stem and fit a trim strip. Then,
dress off the bottom of the keel-
son to accept the laminated tim-
ber keel.

Any raw end grain of the plywood
should always be covered by a
timber facing such as at the stem
where the trim strip will take care
of that exposed area. The timber
keel can be laminated in position
and can be reinforced with cop-
per bolts.

Next, give your completed hull a
good check over and dress off
any unfair areas before you
sheath the entire hull, keel and the
skeg with a layer or more of fibre-
glass or Dynel using epoxy resin.



TURNING THE HULL

Next job will be to turn your hull up-
right. Once the hull is upright and
level on all planes your plan may
call for fibre glassing the inside
before you are ready to continue
with the fitting out of the interior and
the installation of the decks and su-
perstructure.

SOLID FLOORS

You may find it easier to fit the solid
floors during the framing of the hull,
Final fairing completed the hull is now ready for turn-over. rather laminate themin place later.

Photograph by permission of Rob McGill and Nina Morissette  Our plans have used both meth-
ods and each approach has its

advantages and disadvantages. Your plans should guide you as to the best sequence for
your particular design.

Itis usually preferred in chine type hulls to attach the floors to the frames in such a way that
they can be faired off with the stringers and the rest of the framing and then the hull skin can
be laminated directly on to the floors. On round bilge hulls involving a “bolt on keel” it may be
best to laminate leaf spring type floors into the hull after turning the hull upright. Again, your
plans should guide you as to the best sequence for your particular design.

TRADITIONAL AND NOT SO TRADITIONAL

Before leaving the subject of building your timber hull, we must give some consideration to
the traditional strip planking technique. Today, if you are thinking of building in timber, then
you really only have a choice between strip planking and cold moulding using plywood. Both
methods are relatively straight forward and do not demand particular skills that would be the
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If you have ideas of building an exact Spray replica; best check out these photos first !

case with even more traditional timber building techniques and, the final decision should rest
with the availability of suitable building materials. If you are strip planking the timber is cut to
%” to 1 V4" [20 to 30 mm] thickness and can either be square in section or a little deeper for
example %” thick x 1 4” deep [20 x 30 mm]. The planks are “edge glued” one on top of the
other. Traditionally, strip plank boats are built upright.



FRAMING

You will require temporary or per-
manent framing made up of sawn
or laminated frames similar to
those used for any mould. Some-
times when the hullis built upside
down, the method is to install the
planking up to the keelson and
then a laminated keel is fitted in
the manner described earlier in
this chapter.

The planking timber may be
dressed with
square edges or
may be machined
to a concave sec-
tion on the top and
convex on the bot-
tom. This machin-

ing of the planks al-
lows them to lay
one on top of the
other and to follow
the curve of the hull
frames with a mini-
mum of dressing of
each plank.

Here we see the hull upright, note the notch in the keel in preparation for

fitting the ballast keel. We recommend that you actually laminate the wooden
section of the keel where the ballast will be located and then before turn-
over saw out the section that represents the ballast; this portion can then be

used as a mould for the actual ballast casting.

Photographs on this page by permission of Rob McGill and Nina Morissette

External cast lead ballast bolted in position.

When using square
edges, itis usual to
dress off the top of
each plank after it
has been installed
to provide a sur-
face square off the
frame on which to lay the next
plank. Either method is satisfac-
tory although, as the planking will
usually not go on up the hullin an
even manner, it will be necessary
to spile in short planks in certain
areas. Some advantages of the
specially milled timber are lost
when you have to do this.

BALLAST ON WOODEN
SPRAYS

For Spray builders using any tim-
ber building method, there is one
critical area common to strip



planking, moulded plywood
and other timber method in
that you will need a separate
keel casting of either lead or
iron as ballast and this will be
attached with keel bolts
through the keelson.

When building a traditional
strip plank hull, you will set up
your ballast keel and the tim-
ber keel first and work upright
from there.

The mould frames are set in
In my early boatbuilding days I always melted my own lead place with the stem and
and cast either the ballast in one piece or in sections depend-  transom.The planking starts
ing on the type of method of installing the ballast - bold on  at the keel with the first plank
ballast in one piece and ballast was cast in ingots or layersto  let into the rabbet and the re-
be installed in ‘envelope keels’ as on fiberglas or steel boats. mainder of the planking in-

stalled as described above.

If you are using Modern timber methods, you will build the hull upside down in the usual man-

ner and attach the ballast after turnover.

FASTENINGS

There are two basic choices for the adhesive, epoxy or resorcinol. As for the nails, you can
use a combination of copper and silicon bronze. Usually copper nails can be used to fasten
the strips but, if a harder nail is required, silicon bronze is the answer. The main function of the
nails is to hold the timber together until the glue is set so it may be wasteful to pay the consid-
erably extra cost for silicon bronze nails if copper will do the job. As with many decisions you
must make during the building of your boat, the depth of your pocket will have a bearing on
your final choice.

INTERIOR FRAMING

Once the hull has been completely planked and cleaned off, then the temporary framework
can be removed and any laminated frames that are specified in the plans can be installed.
Generally there are laminated frames where the bulkheads are to be attached to the hull and
in some larger designs; a series of laminated frames may be specified throughout the hull.
Sometimes the setting up, frames or formers, are laminated frames that remain with the hull.
This system of permanent frames is usually reserved for boats of over 50 feet [15 metres].

Any intermediate floors not previously installed as part of the setting up process are now
fastened in place. The bulkheads may be installed and it is often best to leave them standing
up square well above the sheer so that the plywood can be marked out with the side deck
width, cabin lay-in and cabin top camber. The interior may be roughed out at this stage and
any large items such as engine, tanks and large panels of plywood required for the interior,
should be in the hull before you start work on the decks and superstructure.

The cabin sole can be fitted; you will need access to the area of the keel where the keel bolts
are and, in any case, itis always prudent to have removable sole panels.



Note anchor locker (on left),
forward bulkhead and side
deck beams in place and
faired ready for plywood
decking to be installed.

When you have
turned the hull
upright now you
will want to fair
off the interior
before laying out
any framing in-
cluding bulkhead
grounds, solid
web floors and
sole bearing
stringers etc.

Anchor ‘bits’” extend down to keel and
are bolted to bulkhead and also have
attachment to deck beams. A very
strong and secure arrangement.

Photographs on this page by per-
mission of Rob McGill and Nina
Morissette



Install bulkheads with access
cut-outs where doors will later
be installed; the bulkhead will
be easier to handle if not too
flexible due to excessive open-
ings at this stage. Note correct
cabin side lay-in has been cut
at this stage, could be later if
preferred.

Cabin sides and cabin top
beams installed on bulkheads;
cut-outs can now be enlarged.
Cabin top carlins are now in
place ready to receive remain-
der of cabin top beams.

Photographs on this page by per-
mission of Rob McGill and Nina
Morissette

Cabin top beams are installed and
checked for fairness in all direc-
tions. Cabin sides were laminated
out of two thicknesses of plywood,
glued and nailed, nail-holes filled.
You may want to pre-laminate the
sides or use other methods if you
plan to finish the cabin sides ‘natu-
ral’.

Much of the interior of your
hull will either be the inside
of cabinets or on view so
make sure to clean up the
interior of the planking,
sand and apply finish coats
of either varnish or paint
as you prefer.




It is a good idea to varnish the
beams before the plywood deck-
ing in glued and nailed in place;
varnishing at this stage is much
easier than after the deck is in
position. All glue ‘dripples’ can be
avoided by masking the beams or
using other protective measures
when installing the deck.

The cabin sides and bulkheads
are installed ready for installa-
tion of the cabin top beams etc.

Cabin sides, cockpit well framing and
cabin top beams all installed. Note
framing for the various hatchways.

Photographs on this page by per-
mission of Rob McGill and Nina
Morissette

It is also recommended to paint
to a finished stage any areas that
will be difficult to access later. For
instance you should mask the un-
derside of the foredeck where it
will be attached to the beams and
then paint the underside of the first
layer of the decking so that when
the plywood is glued and nailed
in position you will have a com-
pleted area that will need no fur-
ther attention for some consider-
able time.




Aft deck planking; note covering
boards and fine example of cast pol-
ished bronze fittings such as the
mooring fairlead. You can make
patterns and have these items cast
in bronze or find an example and
use a pattern.

Photographs on this page by per-
mission of Rob McGill and Nina
Morissette

Side deck planking
being glued in posi-
tion. Note the spac-
ers inserted be-
tween the planks.




Fore-deck planking in-
cluding king plank in
place. Note anchor bits
which not only look right
on this boat but are a
very practical solution to
securing an anchor line or
towing hawser should the
need arise.

Note the deck prism set in
place; these prisms let in an
amazing amount of light and
are recommended where you
want light but where a hatch
location would be
inappropriate.

Another photo of the fore-deck
with planking completed and bow-
sprit, mooring fairleads etc all in
place. You may want to study
these photos to get ideas for fin-
ishing your own Spray.

Photographs on this page by per-
mission of Rob McGill and Nina
Morissette



Please note that all of the pho-
tographs of this Centennial
Spray 38 are by permission of
the owners Rob McGill & Nina
Morissette - Construction by
Blair Boats in New Zealand

Decks, cabin structure, cockpit
well and seats all completed and
protected with a layer of fiber-
glass and epoxy resin.

Ports and windscreen have
been added as well as sub-
stantial rubbing strip. Be-
low we see the finish coat-
ings in place and decks
are now ready to receive
the fittings and deck hard-
ware.




Note the quality of the bronze hardware.
Some of these items can be purchased
‘off the self” or you can make your own
patterns and have the items cast. Avoid
‘cheap’ fittings of this type as they may
fail under load.

Photographs on this page by permission of Rob McGill and Nina Morissette



Cast bronze

and polished
whisker fit-
tings.

Here we see some more ex-
amples of the fine cast bronze
hardware that has been in-
stalled on this Wood Epoxy
Centennial Spray 38

Here we have a birds eye
view of the completed
decks and cabin structure
on the beautiful example of
the Centennial Spray 38

Photographs on this page by permission of Rob McGill and Nina Morissette




Below and left is shown the
methods to laminate the
trail boards for this Cen-
tennial Spray 38. First step
is to temporarily fasten
cleats in place to accept
the first lamination of tim-
ber.

Laminated timber in
place to form the shape
of the trail boards.

Trail boards marked to shape and trial
fit for final trimming to shape

Photographs on left and above by per-
mission of Rob McGill and Nina
Morissette

The finished trail board,
carved with attractive tradi-
tional pattern and ready for
final finishing and attach-
ment to the bow.




The rudder timbers are lami-
nated around pre-prepared
stainless steel webs that are
welded to the rudder shaft.

High build finish is applied
to the competed rudder

Rudder installed on this Cen-
tennial Spray 38

Photographs on this page
by permission of Rob
McGill and Nina Morissette




Make sure to lay out your engine

room so everything is readily and

easily accessible. It is usually best

to install the engine and associated

equipment before the deck beams

| - o and deck are installed. An access

N Mt;m_:'h”ﬁ-__ | hatch can be arrar)ggd if you wish

iz _m!%_h ! but I am of the opinion t_hat these

k-__"J g are prone to leak and it is best to

. L cut access through cabin top or

cockpit sole if engine ever needs

removal. Advice never fit a used
engine in your Spray !

Side panels are great when
they allow access to the engine
room from a ‘walk-through’as
is often possible in a center
cockpit vessel.

Vacuum bagging is often
useful when laminating
wood epoxy or fiberglass
parts on your Spray.

Completed cabin &
sides, ends and top.

Photographs on this page by permission of Rob McGill and Nina Morissette



Onasailboat is it often dif-
ficult to find a suitable lo-
cation for the various
electrical junctions. In this
case the builders have cho-
sen to locate this gear un-
der the double berth in the
master cabin; provides a
good solution to the prob-
lem

Fuel manifold allows for switch-
ing tanks and filters without hav-
ing to stop the engine. A twin fil-
ter system is recommended as this
prevents a clogged filter from stop-
ping the engine at an in-opportune
moment !

Another view of part
of the electrical instal-
lation shown above

Photographs on this page by permission of Rob McGill and Nina Morissette



From top left: Sole in aft cabin, steer-
ing arm and emergency steering key,
copper ground plate, cut-outs for navi-
gation instruments, beams were var-
nished before deck was installed.

Photographs on this page by permission of Rob McGill and Nina Morissette



CHAPTER 8.
Bullding in FIBERGLASS

Fibreglass — Materials and Tools

TYPES OF FIBREGLASS

Boat designers with experience in steel and aluminium will immediately notice that most fibreglass
materials have lower strength and stiffness values than the metal alloys. Because fibreglass materials
are much lighter than metals, thicker laminates can be designed so that the stiffness can match that of
metal hulls.

There are a number of types of fibre used in reinforced plastics but glass fibres are the most common
because they are inexpensive to produce and have relatively good strength to weight characteristics.

With the exception of chopped strand mat (CSM), reinforcements used in a marine glass fibre
application usually utilize bundles of fibres oriented in distinct directions such as glass cloth and woven
roving. Some are aligned in a single direction others multidirectional and the strength of the laminate
will vary accordingly.

There isa considerable variety of glass reinforcements but we are mainly interested in what is known
as E-Glass or electrical grade glass that was originally developed for insulators, for electrical wiring,
and is now used almost exclusively as the reinforcing material commonly known as fibreglass. E-glass
Is the most common reinforcement used in marine laminates because it is relatively inexpensive, has
good strength properties and resistance to water degradation.

Another glass fibre known as S-Glass is a structural glass typically used in higher strength applications.
It has a greater tensile strength and stiffness than E-Glass and in general, demonstrates better fatigue
resistance but at a considerably higher cost which means that it is limited to selected applications.

There are other types of fibre such as carbon fibre and graphite fibre, used as reinforcement and
known as Multi-axial Engineering Fabrics or just plain Engineered Fabrics which, when knitted stitched
or woven into materials, include names such as Double Bias, Biaxial and Tri-axial Fabrics and Woven
Fabrics and so on but these are specialised materials which probably won’t concern you. There is even
an aluminised fibre used primarily for its cosmetic appearance which has a thin coating of aluminium
to create a highly reflective surface but, so far, this is not used in boatbuilding.

When you decide to build a fibreglass boat you should, primarily, be guided by the boat’s designer
and the technical knowledge of your material suppliers. Don’t be confused by the vast array of materials
on the market, most will never concern you. The majority of readers of this book will be concerned
with building a strong, practical boat, so unless you are considering a specialised race boat, lightweight
flyer or multihull, you can concentrate on E-glass and use the more traditional fibreglass boat building
materials and methods.

CHOPPED STRAND MAT - CSM

Unlike continuous fibres, Chopped Strand Mat is literally short chopped strands sometimes described
as random discontinuous fibres (about 1¥2” — 37mm long) and held together with a soluble resinous
binder. CSM is available in varying types and weights from % ounce per square foot [225 grams per
square metre] upwards however, 1% 0z. [450 g/m 2] and 2 oz. [600 g/m 2] are the weights you will
most often see expressed by designers and manufacturers of boats. In our own material lists we simply

say 1%2 0z. Mat [450 g/m 2] and so forth.

CSM can be used as a “bulk builder” in a laminate where build-up is required but without great
strength. Ina laminate, layers of CSM should be used between layers of woven roving as a cushion to
promote a good bond and where the strength (or lack of) in the CSM, is complimented by the strength
of the roving.



The amount of resin required
to impregnate CSM is
approximately 2 ¥ times the
weight of the mat.

This is what chopped strand
mat looks like.

CONTINUOUS ROVING
Supplied coiled in square
boxes which are referred to as
“cheeses”, this material
resembles a coil of light rope
and is used with a fibreglass
depositor machine (chopper
gun) thus the alternate name

“gunroving”. Over the years, the lower price and availability of these guns has made it worth considering
their use even if you are building a single boat. You will always get your money back when the boat is
finished and, for a modest outlay, save a lot of time and expense in the process.

Using a depositor gun, the continuous roving is cut into short lengths (like CSM) and deposited by

the gun, which also mixes the resin and
catalyst. They all come together as they
leave the gun head, and are sprayed
simultaneously on to the job. The result
is a quickly applied chopped strand mat
lay-up. This same gun can also used as a
resin depositor only, to wet out the
alternate layers of roving or fabric. This
is the procedure used for production
moulding but is equally suitable for one-
off male moulded boats. If you are
considering using a female mould or
laying up your hull using the “Panel
Construction” methods, then the chopper
gun and continuous roving may be a great
investment.

Gun laying requires an experienced
operator to get a perfectly even layer of
mat and resin to the job. When building
on a male mould, evenness of the
application is most important, so some
experience with the gun is an advantage
although not difficult to learn.
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Continuous roving is used for ‘spraying up’ hulls and other parts. The roving is lead to a gun
which chops up the roving into very small parts and deposits the roving and measured amount of
resin into the mould. The skill of the operator plays a large part in the success or otherwise of

finished product when using this material to build a boat.



WOVEN ROVING - WR

Woven roving is much like woven cloth except
that it is much heavier and woven differently.
It looks much like basket weaving with heavy
bundles of non twisted strands of glass fibres
woven loosely at right angles so that there is
relatively, a lot of space between individual
bundles of strands. These spaces allow resin to
flow through and more easily wet out of the
roving. The amount of resin required to
impregnate woven roving is approximately
equal to its own weight.

Woven roving is stronger than CSM in all
respects and you should make sure your
fibreglass hull contains a sizeable
proportional amount of this material.

This material is the real meat of your fibreglass laminate and is sold in various weights per square yard
or square metre. Woven roving is available from 8 oz. per square yard [270 g/m 2] to 27 oz. per square
yard [900 g/m 2], with a variety of intermediate weights. It is supplied in a number of weave patterns
such as, bi-directional, unidirectional, biaxial, triaxial, double bias and specially stitched fabrics

The designer of your boat will generally specify the type of woven material he wants you to use in the
various parts of your boat. Woven roving should never be laminated one to the other, without a layer
of chopped strand mat between.
COMBINATION FABRICS
Some glass fibre fabrics are available with a thin layer of mat already attached. This makes it one
“easy to install fabric” especially for hand laying as is can be applied quicker and more evenly than
separate layers of the mat and roving. You should check with your local fibreglass supplier to see
which of these materials they
recommend for your intended
use.
FIBREGLASS CLOTH
Woven reinforcements generally
fall into the category of cloth or
woven roving. The cloths are
lighter in weight and require
more layers to achieve a set
thickness. Their use in marine
construction is usually limited
to small parts and repairs or
sheathing plywood, usually
using epoxy resin. They are
available in a variety of weights
per square yard or in grams per
metre.

Fibreglass cloth will mostly be
used as a sheathing material. Combined with a suitable epoxy resin, this glass fabric can provide
excellent protection to your plywood or timber boat where it can be used on all exterior surfaces
including the hull, deck and superstructure.



CARBON FIBRE

Carbon fibre is an aramid which is an aromatic
polyamide, better known by trade names such as
Kevlar (DuPont) and is produced by spinning a solid
fibre from solution. Applications include boat hulls,
sails, bullet proof vests and aircraft parts to mention
a few. The main difference between “Carbon” and
“Graphite” fibres is that they have differing amounts
of carbon in their make-up but, basically, they are
not dissimilar so that they can be interchangeable.
These fibres are not subject to stress rupture as with
glass fibres and high temperature performance is
exceptional. Carbon fiber offers the highest strength
and stiffness of all commonly used reinforcement
fibres but the major setback is their high cost. Not withstanding the cost, carbon fibre and engineered
fabrics using carbon and graphite fibre, play an important role in many marine applications where
certain design standards are demanded however, the price of this material would need to come a long
way down the scale before we could recommend it for general purpose use in boat building.

PVC FOAM CORE

PVC foams have almost exclusively replaced the [
urethane foams that we used to use to in boatbuilding as
a structural core material. Foam cores were more
commonly used in hull construction only however, recent
developments have produced some excellent P\/C foams
that can be successfully used in deck structures. Better
known brands include Airex Tm and Core-Cell Tm.
Manufactured in different densities, foam core can be
used for most boat building applications. A number of
manufacturers market P\VC foam cores to the marine
industry in sheet form and as with the balsa products, solid sheets or scrim backed block configurations
are available.

You should check to see which material is locally
available. Make sure itis a PVC foam and it is
the correct density for your particular project. If
you are using foam core for decks, you should
ensure that it is of a suitable type for that
application.

LEFT: Close-up of balsa-core

BALSA CORE

Balsa core is a closed cell structure that is available
in sheet form for flat panel construction or in a
scrim-backed block arrangement that conforms to
complex curves. This consists of small blocks of
end grain balsa attached to a fine scrim netting.
The flat panels can be used for bulkheads and
furniture and the flexible scrim-backed core for
shaped hull and deck construction. End grain balsa




has a high compressive strength, and is ideal as a core material for decks and power boat hulls. It
exhibits good stiffness and bond strength however impact absorption is lower than for PVC foam and,
in the case of damage, water absorption can be a problem. Best restricted to use in decks and
superstructures where water penetration is not so likely to occur.

BALSA

DuraKore ™ is a product marketed by Baltek Corporation and provides the properties of an end grain
balsa core material without the need of amould. It will form a compound shape over a set of temporary
frames in the same manner as the cedar strip plank building method. It comes in planks that are made
from sandwiching rigid sheets of end grain balsa between two layers of thin veneer. The sheets are then
cut into planks or narrow strips, which have finger joints at each end to allow them to be scarf joined to
make up the required length. The core is then covered on both sides with fibreglass to form an effective
sandwich structure. Due to water penetration, all forms of balsa when used as core materials have
become discredited over the past few years so may best be avoided.

POLYESTER RESIN

Polyester resin is a thick viscous liquid like syrup to which a catalyst (and sometimes an accelerator) is
added. However, polyesters, like most plastics, lack the inherent strength of metals and are very
brittle. In order to improve their tensile strength and allow them some flexibility, they are often
reinforced by the addition of fibres of carbon, glass, sisal, cotton or other suitable materials. Once
reinforced with glass fibre, their strength can far exceed that of steel.

There are two basic polyester resins used in the marine industry, orthothalic and isothalic. The ortho
resins were the original group of polyesters and are still in widespread use. The iso resins have better
mechanical properties and show better chemical resistance. Their increased resistance to water
permeation has prompted many builders to switch to this resin in marine laminates.

Curing of polyester is accomplished by adding catalyst and accelerator (usually fixed amounts of
catalyst and variable amounts of accelerator) — although most resins are now pre-accelerated. Gel
times can be controlled through resin formulation to suit the climatic conditions. The gel time of a resin
is the time taken after the addition of catalyst and accelerator for it to set to a jelly like state. Most
modern resins are pre-accelerated, and therefore, we only have to add catalyst except when using
pigment or fillers which may require an additional quantity of accelerator.

The pot life of resin is the time taken for the mixed resin to gel in the mixing bowl.

When polyester resins harden after going through the gel stage, they produce their own internal heat
which is called “exotherm”. This exotherm is much greater when there is a large bulk of resin such as
in the mixing bowl. In thin layer form such as when it is spread out onto a mould with glass
reinforcement, the heat escapes easily from the large surface area before it can build up to a very high
temperature. For this reason, the pot life of a resin is much shorter than the time taken for the resin to
gel on the mould.

When resin cures in a mixing bowl, the exothermic heat can be so violent, that the resin will smoke
and crack and burn if touched. Therefore, do not mix more resin than you can use in a reasonable
time.

It is not advisable to reduce the amount of catalyst to slow gel time because of the risk of under cure.
Sufficient gel time control can be had by varying accelerator content. The disadvantage of pre-
accelerated resin is that this control is removed.

The shelf life of polyester resin is greatly improved if it is kept in a cool place away from light and it

can vary from one week to three years depending upon storage conditions.

Un-waxed polyester resin; where it is anticipated that a period of time will elapse between starting
and completion of a particular section being laminated, an un-waxed resin should be used. Un-waxed
resins can take up to several days to achieve full cure thus facilitating the bonding of the subsequent
layers. When cured, the surface, using un-waxed resin is difficult to sand so a coat or waxed resin or
gelcoat will be required.



Waxed polyester Resin; as the name implies, this resin has had wax added to provide a smooth, non
tacky surface which will not pick up dirt or other debris. It is used for laminating in any area where the
work is to be completed without further laminating or as the final finished layer where you may wish
to later sand the surface. Resin can be pre-waxed or added as required.

THINNING RESIN.

Polyester resin may be thinned by adding a MAXIMUM of 15 parts of Styrene Monomer to 100 parts
polyester. Check with your supplier. The first coat of resin applied to wood can be thinned for deeper
penetration. It should not be necessary to thin laminating resin as this weakens the cured laminate.
Thinning will lengthen the surface cure time and will require more catalyst.

For health reasons, there are now some “Low Styrene Emission Resins”. They have a substitute for
Styrene Monomer or a reduced quantity in their make up. These resins are quite different from high
viscosity resins which can be thinned with Styrene Monomer.

VINYL ESTER

Vinyl esters are the “epoxies” of the polyester range and well worth the extra cost. The handling and
performance characteristics of vinyl esters are similar to polyesters and it has been shown that a thin
layer with a vinyl ester resin can provide an excellent barrier to resist blistering in marine laminates. If
you are building on a male mould use vinyl ester in the final layer below the water line using a fibreglass
tissue to assist with the build up. Ina female mould it has to be the first layer backing up the gelcoat.
EPOXY RESINS.

Other than when building a boat using the wood/epoxy technique, the high cost of epoxy resins and the
handling difficulties have limited their use in fibreglass boatbuilding. Epoxy resins show the best
performance characteristics of all the resins used in the marine industry but they can be difficult to use
under anything but the very best and controlled conditions. Aerospace applications use epoxy almost
exclusively.

GELCOAT or GEL COAT

Gel coats are designed as a protective coating for structural laminates. They are available in brush and
spray versions and are best applied at a thickness of 0.5mm. Most exterior gel coats are based on
isothalic resins with low styrene emission and are available in both brush and spray forms. Nowadays,
they are blister resistant and usually approved by marine authorities.

Here we see gelcoat being applied to a Spray 28 female mould.



There are several types of gelcoat, each having its own particular function. The most commonly used,
is the one for female moulding. This gelcoat comes in various colours and is unwaxed. Itis usually
pre-promoted and, as with resins, will need catalyst added before being applied to the mould surface.
Clear gel coats have an increased resistance to water permeation because they contain no pigments and
when backed up by a vinyl ester resin laminate virtually eliminate any possibility of surface blistering
known as Osmosis.

The type of gelcoat you choose, and the way you apply it, will certainly affect your finished boat. If
you are building a male moulded boat, you may well replace the exterior gelcoat with a urethane or
epoxy based paint system. Interior gel coats gives a durable smooth finish to your work and are
sometimes referred to as flow coat. They brush well without leaving brush marks as they contain
thickening agents and are pre-waxed.

This female
moulded
Spray 28
was built in
the UK.

FUELAND WATER TANK RESIN

Special isothalic based resins are available to coat the interior surfaces of fuel and water tanks and
these resins ensure that a suitable barrier is set up between the liquid and your fibreglass laminate.
After post-curing, they should be odourless and tasteless when used in water tanks.

PAINTS

Polyurethane and epoxy paints when applied correctly, perform well on male moulded boats and often
enhance some of the older gelcoat systems. The development of new paint systems and coatings is
ongoing so consult your paint supplier for the latest technology.

ACCELERATOR

Cobalt Naphthenate is the common accelerator (or promoter) in most polyester resins and should never
be brought into direct contact with catalyst (MEKP), outside of the resin mix, as an explosion could
result. For safety reasons, general laminating resins are usually supplied pre-promoted and extra
accelerator can be added if you require a quicker setting time although, as they are pre-promoted, we



usually have to adjust the catalyst level. In this instance, we should be using un-promoted resin and
adjusting the amount of accelerator to suit the conditions. Never add excessive amounts of the accelerator
to any resin.

CATALYST - MEKP

MEKP (Methyl Ethyl Ketone Peroxide) is normally a clear liquid commonly known as catalyst which
must be handled with extreme care. Polyester resin will not harden without catalyst. The amount of
catalyst added to the resin is critical and it is normally used in a ratio of 1-2% by weight of the total
polyester resin. As a rule of thumb, 20mls of catalyst is usually needed for 1kg of resin. Accurate
measurement is important because a small increase or decrease of the amount of catalyst can have a
large effect on the working time of the resin.

The catalysts used with polyester resins are almost invariably organic peroxides. These are unstable
and should be treated with the greatest caution. They are all irritating to the skin and cause burns
unless washed off immediately. Injury can be more serious if catalyst is splashed into the eyes.
Immediate treatment in such cases is to wash out the eyes continuously with plain water or weak
bicarbonate solution.

RESINPUTTY - FILLERS

This do-it-yourself material can be made for a fraction of what you would pay if you bought it, made
up, from your local supplier. You will use sizeable quantities of filler (commonly referred to as
“BOG”) during construction of any fibreglass boat. There are several materials that can form the dry
ingredients of the resin putty mixture. These include industrial talcum powder, Q-Cells and micro
balloons. When mixed with waxed polyester resin and a small amount of additional accelerator they
make and excellent and economic filler. This material, if stored in a covered container, will keep for up
to two or three weeks. When you want to use the filler, you simply dig out a quantity and place iton a
mixing board. You then add a dash of catalyst. This does not have to be measured, as you will soon
gauge the mount required to make the bog set in the desired time. Check with your local fibreglass
supplier as to the recommended materials.

FIRE RETARDANT RESINS

Designed for either general laminating or gel-coating, these resins are a benefit in areas where there is
ahigher than usual fire risk. As fire retardant resins are generally more expensive than regular laminating
resins, most builders tend to only use them where necessary.

ACETONE

Acetone is a highly volatile material, used as a general purpose solvent and cleaner. Used for cleaning
brushes and rollers after laminating. Acetone should be stored in a sealed metal container and measured
out in small quantities; say 2" [50mm] in the bottom of a plastic container in which you should thoroughly
wash the brushes and tools. You can store brushes and rollers in clean acetone overnight, make sure
you use a sealed container, as acetone has a high evaporation rate.

RELEASE AGENTS

Release agents are liquid or pastes which are applied to mould surfaces to form a barrier skin and
prevent sticking by the resin or gelcoat. Polyesters stick very well to most materials and surfaces and
if no release agent is used, it is impossible to remove the lay-up or casting from the mould.
BARRIER & CLEANSING CREAMS

In some instances the skin can be irritated by polyester resin in which case it is wise to use a barrier
cream in conjunction with gloves. Low cost disposable gloves are available and specialist barrier
creams should be available from you fibreglass supplier. It is always recommended to use rubber
gloves when working with epoxy resins.

FIBREGLASS -SAFETY EQUIPMENT

Before working with glass and resin you will need a range of safety equipment. This will including
breathing masks, to prevent you form inhaling noxious fumes and dust particles. You will also overalls
or other protective body clothing and goggles or industrial spectacles for eye protection. In some cases,
prolonged exposure to resins and other glass fibre materials can cause skin rashes or unpleasant
discomforts.



Hooded suits are becoming more popular as they totally isolate you from the environment. Some
hoods have built in breathing apparatus with filters and most are designed so they do not restrict your
vision or movement.

RESPIRATORS AND BREATHING MASKS

A respirator or mask is one of the most important piece of safety equipment when working with fibreglass.
You will need protection from simple dust through to potential cancer causing fibres and vapours,
especially in some paint systems. These items of safety equipment range from the simple paper mask,
through to simple air supply units, which totally isolate you from the surrounding environment. You
should discuss the various options with your fibreglass supplier who will advise you on the availability
for each particular use and workplace situation

Some respirators will not work when used over a beard or for that matter (designer) stubble. If you are
not clean shaven, then consider using a suited hood.

Amongst others the 3M Corporation have available some excellent breathing appliances.

Awell-run building workplace can take the pressure off the safety equipment by providing a clean
environment. Keep rubbish off the floor. Remove fibre trimmings immediately and make sure you
have adequate ventilation. Keeping a clean workplace will go a long way to keeping you healthier.
You will reduce fire risks and keep your insurance man happy.

HAND PROTECTION

You are working with chemicals so your hands should be well protected. Although most fibreglass
boatbuilders work without protection, using gloves or barrier cream will protect sensitive skin and
even non-sensitive skin.

EYEPROTECTION

Some hoods and respirators also incorporate eye protection. For certain jobs, separate goggles are
important. You will need to choose between goggles and safety glasses, both of which should provide
side protection. When grinding fibreglass and other associated materials, it is amazing the various
trajectories the ground particles can take so always wear eye protection when grinding.

EARAND HEARING PROTECTION

If you are working in conditions where the noise level is in the 80 plus decibel range, you should
consider using ear plugs or earmuffs. One professional boatbuilder even insisted that the foam earplugs
have florescent cords so the foreman could see, from a distance, that the plugs were being worn!
BODY PROTECTION

Good body protection is achieved by wearing a disposable body suits that have improved in the past
few years so that most feel comfortable to wear while still providing the necessary protection. How
you feel about wearing a suit may depend on the climate. Some hot climates call for creative arrangement
such as the tissue paper suits worn by some boat builders. Overalls are still a good option.
FOOTWEAR

Your feet are the easiest things to protect. A lot of fibreglass workers wear sneakers/sand shoes and
although these aren’t the ultimate protection they do a good job in this environment. When gun laying
sneakers are very useful as they can be slipped on and off without hands which is useful when you
came off the job and want to change footwear.

FIBREGLASS-THE TOOLS

Other than electrical tools, you will be able to purchase most of the tools you require for fibre glassing
at the same outlet as your other fibreglass supplies. You will need an assortment of brushes, metal
rollers, paint scrapers, plastic containers and measuring devices. A few of the items you can make
yourself or scrounge like used plastic ice cream containers for mixing resin and some hand sanding
tools.

PAINT SCRAPERS

You will need an assortment of paint scrapers. Usually the cheaper ones have more flexible blades and
these can be used for handling the resin putty “Bog” and fairing up various areas of filler. Purchase a
selection of widths from 1" [25mm] to 6" [150mm] of which one or two can have the corners rounded
so that they can be used for creating fillets. Paint scrapers can be cleaned in acetone after removing
any residue of hardened bog.
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DISK SANDERS

Itisagood ideato buy a disc sander of reasonable quality as it will do a lot of work. The right size is
about 7" [175mm]. Choose a low or duel speed disc sander that will be happy running at 4000 RPM.
As well as a rigid backing, the sander should be capable of being fitted with an 8" [200mm] circular
foam pad (Ferro) to which you can attach the adhesive type sanding discs for finishing work. You will
need a selection of varying grits.

OTHER SANDING DEVICES

You will need a selection of sanding blocks and boards. One particularly board is a piece of plywood
4’6" [1.37m] x 6" [150mm] x ¥2” [12mm] thick which when fitted with handles and sandpaper attached
makes an excellent device for obtaining a good finish on a hull or deck The board is handled with long
sweeping strokes that follow the contour of the hull and will tend to even out any unfair areas. There
is a variety of power sanders with all types of actions so check them out and find the best for your job.
Always use any new sanding tool on a test area before committing its use to large areas of your boat.
BRUSHES

All the brushes you purchase should have unpainted handles and you will need a variety of sizes
MOHAIR ROLLERS

Mohair rollers are used for applying and spreading resin as part of the hand laminating process. Again
you will use different sizes but mainly 5" [125mm] and look for plastic or unpainted handles and it is
agood idea to have a few replacement sleeves. After use, always remove the sleeve from the roller and
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thoroughly wash in
acetone. Make sure
you always use mohair
rollers as other types,
sold for painting, will
soon fall apart when
used with fibreglass
resins.
PLASTIC
BUCKETS AND
CONTAINERS

For mixing resin save
all suitably sized
plastic containers and
have your friends save
theirs too. You should
also be able to buy ice
cream  container
“seconds” from your

fibreglass suppliers. You may also purchase some small plastic buckets. Half gallons [2 lit.] and one
gallon [4 lit.] will be the best size for the job. The hardened resins will crack out of these after use. It
is a good idea to use one specially calibrated and marked bucket for measuring out the specified
quantities of the resin as this will save the bother of actually weighing every batch.

JIGSAW

When building any boat, there is a considerable amount of trimming required and an electric jigsaw is
one of the best tools for these jobs — able to be used on a work bench or in confined spaces. On glass
fibre, you should only use high grade cutting blades including tungsten and diamond blades and the
unit will handle the fibreglass laminate with ease. Equipped with the correct wood cutting blades a

jigsaw will make short work of cutting out plywood bulkheads and furniture

SURFORM

A great little tool for surfacing
wood or fibreglass, it comes
with flat and rounded blades
and is available from most
hardware stores.
ELECTRICDRILL

A good cordless drill is not
only for drilling holes but with
the addition of a set of hole
saws and other attachments
will see plenty of action
during, and after, any
boatbuilding project.

STEEL ROLLERS

Steel rollers used for rolling
the mat and roving remove any

air bubbles trapped in the laminate. With a bit of practice, these steel rollers also roll the material to a
smooth finish. Arange of sizes is required including some very small diameter ones for getting in the
corners and wide ones for bulk work. Check with your supplier regarding the various sizes and types.

SCALES

A set of kitchen scales that weigh up to 10 pounds (4.5 kg) will be ideal for weighing out the resins and

you may be able to pick these up second hand.



SCREEDS

You will need a variety of screeds, most of which are made from flexible plastic or thin metal. You can
make your own or buy ready made from your supplier. Ahandy screed can be made from an old saw
blade with, or without, the teeth ground off.

VACUUM BAGGING EQUIPMENT

You may want to use vacuum bagging when installing any core materials used during the construction
of your hull and deck. Details of the equipment required will be covered in a special section dealing
with vacuum bagging techniques.

MISCELLANEOUS ITEMS

Other important tools include some heavy duty scissors to cut the fibreglass roving. CSM should be
torn unless you want a sharp edge and with woven roving, pull out a strand as you cutting line. Also
needed is a paddle mixer which can be attached to a variable speed electric drill running at slow speeds.
Atable on which to lay out the mat and roving with a device to hold the roll at one end is a necessity.
Also required is a measuring glass or bottle for the catalyst and a selection of woodworking tools,
clamps, and ladders etc.

FIBREGLASS - BUILDING THE HULL

As there several similarities in the way that you would build a batten mould for building a fibreglass
boat and the way that you would tackle the same job when building a wood epoxy vessel, please also
read the initial part of chapter 6 where you may pick up some useful hints that will assist you in
building your fibreglass batten mould.

There are alternate methods which you use to build the hull of your fibreglass boat. You need some
form of structure to use as a mould to create the shape of your hull, decks and superstructure. These
moulds can be grouped into two main categories consisting of male or female structures. The construction
methods used to create the moulds is covered in this chapter.

FIBREGLASS - BUILDING A MALE MOULD

With the advent of Computer Assisted Design CAD and Computer lofting, it has become possible for
the designer to supply the builder with very accurate full size patterns. Usually included with the full
size patterns, are the frames, stem, expanded transom, deck beams, cabin top beams and miscellaneous
other items, which can be made directly from these patterns. Before CAD and computer lofting,
drawing the lines plans and lofting the boat full size was a long, skilled and expensive process taking
around 250 man hours to complete. Now it is possible to reduce this time to less than one tenth, so we
invest more time elsewhere in the designing process.

Having the personal knowledge of several thousand 18’ to 70’ [5.48 M to 21 M] boats being
successfully built using full size patterns, | can say with absolute confidence that you should try to
obtain a plan with full size patterns. You will save many frustrating man hours and the boat will be
shaped as the designer intended it to be.

FULL SIZE PATTERNS

For masochists and those who either want to build a boat from archive materials where patterns are not
available, or for those who are unfortunate enough to deal with a designer who is unable or unwilling
to provide full size patterns, you may be forced to undertake the job of completely lofting your chosen
design full size. There are several books available which cover the subject fully. I will leave it to you

to research lofting if you are forced into this action.

If you do have to loft full size, make sure you do the complete lofting job. Do not take shortcuts by
lofting frames only, without drawing out all the water lines, buttock lines etc., all full size. If you take
short cuts with lofting, you will regret it when you start to assemble and fair your hull.

If you are fortunate enough to receive full size patterns with your plans, please use the patterns. On
no account should you try to “improve” the patterns by re-lofting the lines. There may be a slight
movement in paper patterns due to atmospheric changes but this movement is usually evenly distributed
throughout the patterns. Provided you are working under reasonable conditions, these variations will
not be large enough to affect the finished product. When ready to use the patterns, you should pick a



day when you believe the temperature and humidity will remain constant. Prepare to transfer the
paper patterns to a plywood floor or “take off” the frame shapes and other various items as shown on
your patterns. 1f you want the ultimate accuracy and are prepared to pay extra, then you can ask your
designer to supply the patterns plotted on Mylar film but this is expensive and unnecessary.
LAYING OUT THE PATTERNS

Most full size patterns are plotted or traced on 24" [610mm] or 30" [760mm] or perhaps even 36" [1
metre] wide paper or Mylar film. These sections are laid side by side wallpaper fashion to reveal the
complete set of fames, stem pattern and other elements of your boat that are supplied full size.

You will find the patterns generally show one side, or half the shape of the frame. As most boats are
symmetrical, your patterns need only show one side of the boat. Usually frames 0,1,2,3,4 and 5 are
shown on the right side and frames 6,7,8,9 and 10 are on the left side of your assembled patterns.
Some designs may also have half frames, for example 1.5, 2.5 and so forth. You will need the radius
of the expanded transom so you can later form the transom to its correct rounded shape. Study your
patterns with the lines plan. The lines plan will contain frame spacing and other important measurements
that you will need when setting up your hull framework.

When laying out the patterns, you will need a space that is wider than the beam of your boat. The
best way to lay out the patterns is to make up a plywood floor that is equal in size to the patterns plus
a percentage. The various sheets should be taped down in position, making sure the centre-line,
headstock or base line and waterline all match up. Your patterns may also have small cross reference
points; these must be correctly lined up to give an accurate shape. Once you have the patterns laid
down in position, there are several ways to transfer the lines or the frames and the stem. You will need
to mark the lines on to the timber, so you can cut out the shapes as shown in your plans. Ilustrations
show some methods; your plans may suggest others.

MAKING THE FRAMES

When you are making up the frames or moulds as they are sometimes called, it is best to make up the
two halves of the frame at once. This is achieved by nailing the two pieces of timber together, usually
1" by 8" [25mm x 200mm] or similar sized material and of suitable length to cover the section of the
frame you are making. The two pieces are tacked together and the pattern marked out on one side.
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Clearly mark the waterline, sheer line and headstock line where they occur, on any one frame section.
After you have joined up, faired and clearly marked the line of the outer edge of the frame you are
making; then carefully cut the frame section out on a band saw or other suitable saw. Make sure you
cut the frame piece square off the marked surface otherwise the two sides of the frame will not match.

Once you have assembled the pieces of the frame to make up one half, which consists of two layers;
these should be joined on one side with gussets. Next remove the nails holding the frame halves
together and lay out the frame as you would open an oyster and bingo you have the entire frame.

Before you attempt to assemble the complete frame, measure directly from the patterns, the width of
each frame at the headstock line; sheer line and waterline and make a check mark on the opposite side
of the frame patterns and include the frame number. Now you have three reference points to make
sure the other half of the frame is laid out symmetrically. Problems can arise if you try to use the
offsets when taking the measurements off the patterns as these may not have been corrected at time of
lofting.

Now you can lay out the complete frame by installing the headstock or baseline board, and gusset
the keel together; add bracing and strengthening members to the frame as shown in the your plans.
Your frame must pass the test of both sides matching the master pattern. You now have one completed
frame ready for installation on the strong back, bedlogs or setting up rails. After you have marked out
all the frames, stem and the backbone and they have been cut out and assembled, your next job is to
prepare your strong back or bedlogs.

SETTING UP THE FRAMES

Usually, the bed-logs or strong back are made from 6™ x 2" [150mm x 50mm] or similar sized timber,
depending on the size of the vessel. Your plans should give guidance on the scantlings and assembly
method for the setting up base. The size of the strong back, which is the width and length, will be
decided by the shape and size of your hull. The forward end will be narrower to accommodate the
shape of the frames whereas the aft end will be wider for the same reason. As the widest part of the hull
is normally around or just aft of the centre, it will be easy to arrange adequate support in this area.
Sometimes it is best to build the strong back coffin shaped, to offer the best support to the hull, at all its
various widths.

The setting up height is quite important. The hull will be upside down and there must be room for
you to have easy access under the sheer and into the interior of the hull. Your hull must not be so low
asto allow the bow,
which is usually the
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you may wish to install concrete pads. The strong back and the whole mould structure must be
capable of supporting the weight of the completed hull, until the laminating and fairing is completed
and the hull turned over.

Once you are satisfied that the strong back or support rails are level in all planes and securely in
position, install a string line down the centre line and mark out the station spacing on the rails on both
sides of the strong back. All station marks should be marked square off the centre. Nailing 2" x 1"
[50mm x 25mm] cleats across the strong back or bed-logs, at each station point, may be the best way
to accurately position the frames. Make sure you consider which side of the station mark your frame
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is to be positioned. Make sure the frames are installed square off the centre line and level across the
headstock line. It will be necessary to attach each frame to the strong back. You may attach the
headstock to the upper rail or the bed-log, by through bolting, coach screws or skew nailing. Access to
the strong back or bed-logs may decide your method of attachment. Remember you will not want the
strong back to come loose and be waving about during the turning over process.

Use adequate braces and temporary supports to hold the frames in the correct position until they are
all installed. Make sure they are all square relative one to the other and that the individual spacing
remains constant throughout. Normally the frames are erected so the forward edge of the forward
frames, those ahead of station 5, are in line with the station mark. The aft edge, of the aft frames
should be in line with the station mark. Frame 5 can be positioned so the centre of the frame is on the
mark. The reason for this positioning of the frames in relation to the station marks, is so that when the
battens are installed, they will touch only the forward edge of the forward frames and the aft edge of
the aft frames. This eliminates the need to bevel the frames. As this is the mould you are building and
not part of the hull, it is not necessary to consider the frames and battens as a permanent structure, but
asamould former. Consequently, a considerable amount of time can be saved by not having to bevel
these frames. Provided the frames are installed as outlined above, you will find that the battens will lay
around the frames in a smooth and fair manner, without needing to be bevelled.

INSTALLING THE STEM

The next step is to install the stem and backbone. Fit these parts in the slots that have been pre-cut to
receive them. The stem will need temporary support until the battens are installed. Take check
measurements to make sure the stem is in the correct position, relative to the sheer line and the centre
line of the hull. At this stage, the biggest mistake you can make is to have the stem off the centre line
of the hull. Check everything against the centre string line and use plumb-bobs, a large square and
tape or ruler to make absolutely sure everything is correctly located.

KEELAND SKEG

Aword about the keels and skegs on sailboat hull moulds. You should attach the keel frames to the
hull frames by screwing - do this in a way that allows you to unscrew the keel section before removing
the mould. Sometimes the keel will be reluctant to part from the mould so by making provision to
allow the hull

mould to be

i NOTE =
removed WIthOUt BATTENS M&Y BE CLOSER
the keel section, TOGETHER FORE ANG AF T+

you will
overcome this
potential
problem. Skegs
can also be built
separately and
attached to the
mould with a
screwed gusset
as the same
problem may
arise.
BATTENS
You should now
have your mould
battens prepared
and these may be

scarfed into full PARTIALLY BATTENED MOLD
Iength tO match STRAOMNGBACK AMD SEVERAL FRAMES OMITTED FOR CLARITY.
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the length of our hull or you may join them on the job using plywood fairing strips as described later in
this chapter. It is wise to obtain battens of the correct width and thickness otherwise they will not bend
to a fair shape on your hull. For sailboats between twenty-five feet [7.5m] and sixty-five feet [20m]
the best size battens are 1 %2 x 5/8" [44mm x 15mm]. For power boats, with flat bottom sections, you
may use larger battens in this area, say 4" x ¥” [100mm x 20mm] which will usually lay in place
without giving you any problems.

Once the frames, stem and backbone are in place, you may install a few battens to check the fairness
of the structure to this point. If you have followed the full size patterns and cut and assembled the
frames with due care, you should find the framework very fair and accurate. The main thing is to have
a fair hull so you may shim and trim frames as necessary to make sure the battens lay in a fair curve.
From now on, your eye will be your guide. You will soon develop a skill that will allow you to spot an
unfair lump or hollow in your mould.

INSTALLING THE BATTENS

You can start the battening process at any part of the hull mould, but make sure that the battens are
progressively installed on either side. 1 you batten up say twelve inches [310mm] on one side of the
hull, then make sure you next install the battens in the same area, on the opposite side of the mould.
This will prevent any pulling or deforming of the structure due to having battens in one area and not
having battens to balance the opposite side. At this time you should be particularly careful, to make
sure, that the stem remains straight and true, right on the centre line. After installing a few battens over
the entire area of the hull, you will find the mould will take on a more rigid form and it will be easier
to maintain the correct shape.

—

This batten mould for a fibreglass Spray 33 was built in California and illustrates how complex
shapes such as the hollow heel at the transition of hull and keel are easily handled using this
male mould method.



During the early stages of installing the battens, you should be giving consideration to building and
installing the transom. There are several ways to build a transom and one is to form it as we have
shown in the photos and sketches. Most of the latest plans include the developed shape for the transom,
this with the known radius, will offer another way to easily form the correct shape as the designer
intended. We have noticed that some designers who specialize in plans for amateur builders have
taken to designing boats with flat transoms. A flat transom is an exceedingly ugly thing and not at all
necessary. Itisso simple to have at least a small amount of camber or curvature in the transom of your
boat. Flat transoms always look concave or hollow, so we suggest you don’t do it.

As the battening of the mould former proceeds, keep a careful check to make sure there are no low or
high points in the structure. If you find several battens wanting to go past a frame without touching it
or can only be made to touch the frame by pushing inwards and deforming the batten, then let the
battens lay as they may, and pack out the frame to suit. If you find one frame is particularly high and
needs some trimming to make the battens lay fair, then dress a little off that frame.

If you have been careful in following the full size patterns, and setting up your mould former, then
the battens should go on without any problems. If some errors have crept into the structure, now it is
the time to make sure you eliminate them. If the battens have run past a frame without touching it,
then fasten the battens to the other

A section of the deck camber pat-
tern will make a suitable curve to
form the transom. Make up the
formers as shown here and the
add the battens as shown below.

Battening up the transom is
a simple job once you have
installed say four horizontal
camber boards to support
the vertical battens. We used
to recommend plywood
cored transoms but as rot
can be a problem best stick
to single skin or approved
cores as with the hull.




frames first then go back to the frame that is
low and pack it with a piece of plywood or
timber, to build up the frame and provide
support for the battens. The battens can then
be nailed into position.

Thia photo was taken in about 1968 - there
is still no better method of fairing battens
as described in the text and is shown here.

ADDING FAIRING STRIPS

After installing the battens on the hull and the
transom, the next step is to add internal strips,
as shown, which are installed to fair up the battens between the frames. The battens that need to be
joined can be joined on these fairing strips. Installing these fairing strips is a job for two people. One
person to nail through the batten into and through the fairing strip, and another person inside the hull
structure with a “dolly”, or heavy metal weight against which the nail can be driven. This procedure
will cause the nail to bend over and clinch up tight. Clinching is acommon boat building practice and
one that you would use frequently if you were building awooden boat. The “dolly” should be a solid
piece of steel, of a size that will fit comfortably in the hand. The ideal shape is a piece of solid round
steel say 2 %" diameter by 6" long [60mm x 150mm]. The dolly isused end on. When the battens are
joined between frames on the plywood fairing strip, they will be held firm and fair. If there any small
irregularities they can be lightly sanded at a later time.

Use adequate plywood strips, at least one or two between each frame and no more than 1’-6" [500mm]
apart, so if frames are more than 3’-0" [1 metre] apart, use two strips between each frame. Clinch nail
to every batten. Best cut the strips into 4" [100mm] widths and use ¥~ [10mm] to %" [12mm)]
thickness of plywood.

Here we see a fine example of a completed mould for the Roberts 532 sailboat. Note the fairing
strips seen behind the battens, the first part of the foam core near the keel plus the bottom the keel
is sheathed in hardboard as no core material is recommended in this area.



In areas where the battens are
low, they can be very carefully
tapped out from inside the hull
until they are fair. Again,
packing is used to make sure the
re-positioned battens stay where
they are put.

After you have checked over
your mould and are satisfied
with the fairness of the entire
structure, the next step is to
cover the entire mould
structure with builders’ plastic.

CHECKING THE MOULD
AY” X ¥ x6°-0" [12mm x
20mm x 2m] long timber fairing
batten laid diagonally across the mould battens will show up the high and low spots on your mould. If
there are any localized bumps or lumps, a heavy gritdisc. Something in the region of 16 grit should
be ideal for the job. Now is the time for you to go carefully over the entire hull and fair off any
irregularities with the sander. As in all your work from now on, let your eye be the judge. View the
mould from every angle and when you are satisfied that it is as fair as you can possibly make it, it is
time to take the next step in your building programme.

FINISHING THE MOULD

By this stage you should have decided whether you are going to use a cored method such as PVC foam
or balsa to provide the sandwich structure or the cheaper urethane foam, which will later be removed,
and add stringers to the interior of your hull. The next step is to cover the entire mould structure with
builders’ plastic. This plastic is quite thin but strong. Check at your local hardware store where you
should get a good choice of materials. The plastic comes in rolls and is best installed by taping it into
position with plastic tape and stapling where necessary — cover staple holes with plastic tape. Once
you have the mould covered in plastic the next job will be to install the core material.

OPEN FORM VERSUS SOLID FORM MOULDS

Before we move on to installing the core material, we should consider one alternative | have mentioned
up to this point. The type of mould I have usually preferred and used is the open form or batten type
mould. Afew builders of one off fibreglass boats opt to take the mould process one step further and
cover the mould with a skin and then go on to install the inner laminate first, then the core is vacuum
bagged into position, and the outer laminate installed and faired to complete the hull. You will make
your own decision after costing of the mould sheathing materials and the extra labour involved and
time. You should also consult with your fibreglass material supplier who can advise you regarding the
latest materials and techniques.

FIBREGLASS - INSTALLING THE CORE

At one time we used both end grain balsa and foam core for building fibreglass hulls. In recent times
balsa core has become dis-credited due to the number of hulls that have become damaged due to water
penetration of the fibreglass and into the balsa core. In our own defence we generally recommended
balsa be installed above the waterline. In the light of current experience, we do NOT recommend balsa
cores except for decks construction.

One method we have used for attaching the PVVC foam core to the mould is to sew it on. For best
results use a medium size bag needle with light string or nylon yarn. Make the stitches about 3"
[75mm] long. Outside the hull the stitches are let into grooves, which you cut as you proceed so they
will lie flat with the surface and do not interfere with the installation of the laminate. The rows of




stitching should be 9" to 12" [230mm to 310mm] apart. We have found it best to stitch vertically up
the sheet, firstalong one edge and then progressively working across the sheet in vertical rows. Additional
stitching may be necessary where the sheets join, using a cross stitch patterns up the edges of the sheets
which should ensure that both sheets lay uniformly on the mould former.

Another possible method, depending on the suitability of the foam, is to drill holes in the battens and
screw the foam from the inside, removing the screws before the hull is turned for removal. One or two
missed screws will stop the mould releasing so you have to get them all out.

Install the foam sheeting carefully to insure there are no hips or hollows in the hull surface. 1t will
take a considerable amount of work to fair out any large irregularities created at this stage, so utmost
care will ensure a fair hull and one that will need the least amount of finishing to provide a professional
looking surface when the hull is completed.

You may use wire toggles, if necessary to help pull the sheets into a fair shape. This is only necessary
if the stitching will not do the job in a difficult area. Atoggle can be a length of copper or other wire
with a nail or strong toothpick twitched on to the outside. The toggle wire is pushed through the foam
and twitched on the inside on to a nail inserted into a batten.

This cored hull is the same one shown earlier to illustrate a well battened mould. The first layer
of fibreglass has already been added in the area of the keel where the core material was substituted
by installing Masonite or thin plywood as the base for the fibreglass laminate.

NON-CORED AREAS OF THE HULL

There are certain areas of the hull where it is not recommended to use core material and these include
the skeg, keel and areas below the cabin sole line, effectively, anywhere below the waterline so, in
cored boats, these areas of the mould should be sheeted with a cheap polyurethane foam which is later
removed. The keel sides and bottom can be covered with ¥%” [6mm] Hardboard/Masonite which is
waxed and a release agent applied to eases the removal of the mould former from the hull. Some keel
moulds have to be made detachable from the hull mould to facilitate removal of the hull. 1t would be
wasteful to install expensive core materials in areas where it will later be removed. In our own designs
we always recommend that the area under the cabin sole be single skin so this means that the hull area
below the waterline should always be covered with cheaper foam which is shovelled out after the hull
has been turned upright. As with all forms of construction, there are many ways to achieve the same
results. You should follow your plans. If you have a good idea not covered in your plans, then consult
your designer before making any major changes to the recommended building methods.
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You can use the open form mould method to laminate either single skin or cored hulls as described
in the text. This photo shows the technique of applying the first pre-formed laminate on the

battened mould.

PLYWOOD CORED TRANSOMS

Previously plywood, as a core material in the transom, was popular. The problems of water penetration
and rotting the plywood has been discovered over the past few years so if possible try and avoid any
plywood except in the interior fitting out of your fibreglass boat.

If you are building a powerboat and planning an outboard or stern drive installation, then the plywood
cored transom is a possibility but make sure the plywood is of the best quality marine grade. As your
transom will have some camber or curve, you can pre-laminate several layers of thin plywood to this
camber and after cutting to the approximate shape install in position, on the mould. Now you can trim
the transom to the exact shape to allow it to tie in with the side of the hull. Make sure you fasten the
transom from inside the mould so you can release it after turnover and before you remove the mould
from the hull.

You may prefer to laminate the plywood transom in place. In this case, install the first layer by
screwing from inside the mould and then laminating the other layers of plywood on to the first, by
gluing and stapling from the outside. You should fit the transom so that the plywood overlaps the core
on the hull and then radius the outer edges. All edges on the hull must have a radius before the first
layer of fibreglass.

PRIME COATING THE CORE

After installing the core, the next job is to apply a prime coat of the resin and then you should go over
the whole hull checking the fairness and applying resin putty or fairing out any imperfections, where
necessary. Itisimportant when building a fibreglass boat on a male mould to see that it is as perfect as
possible before going on to the next stage. Different core materials will absorb different amounts of
resin prime coat. With balsa core, after filling any gaps with resin putty, you may want to apply one or
two thinned coats to seal the surface and then another coat of regular laminating the resin — check your
suppliers recommendation PV C core will needs at least one coat of resin primer.



SINGLE SKIN OVER AMALE MOULD

For asingle GRP skin hull over a male mould, the building of the mould follows the same procedure as

foracored hull. Instead of using a P\VC foam core you will now use cheaper urethane foam which is

removed once the hull is turned. This is a rigid foam and is purchased in sheet form similar to PVC. It

is usually removed with a shovel and the interior of the hull has to be sanded in preparation for further

laminating, stringers, bulkheads etc. Single skin may be a bit cheaper to build than sandwich but there
are a lot of advantages in

using sandwich so
consider all aspects and
design features before
deciding which you will
use.

The illustration shows
on the left a hull with a
core and on the right is
a similar hull with C-
Flex planking in place
of the core. Study the
drawings to see the
progress from the
mould frames set up on
Ty L the strongback,
Y| = battens, core material
and laminate.
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This illustration shows the sequence and areas of the various layers of mat and woven
roving that are applied to the outside of the core materials



FIBREGLASS OUTER LAMINATE

The first layer of your laminate should be a light chopped strand mat, either 1 or %2 0z per square foot
[300 or 450 g/sq.m]. These are easy weights to work with and will provide a good key between the
core material and the bulk of the laminate that follows. This first layer is very important as the bond
between it and the core material must be as perfect as possible. If in doubt, make up some sample
pieces using scrap core material as a base. For the bulk of your hull laminate, you should use only
unwaxed general purpose laminating resin. The final layer of the outer laminate should also be a
chopped strand mat and the resin should be waxed to facilitate the sanding that will come next.
WHICH DIRECTION?

There are at least five directions you may use to apply the various layers of the glass laminate. The
first layer of mat should be laid in the most convenient direction. You need only butt the joins in the
mat. Most fibreglass mats have a slightly braided edge that will blend and make a clean join, if
carefully rolled, and this join will not be visible after the resin has cured.

You should apply a layer of the resin to the core before laying the mat. The first layer of CSM must
be carefully wet out and rolled to remove any bubbles. Do not over saturate the mat, but roll out the
excess resin, with a steel roller. If you work from the top then the resin will flow down through the
laminate.

INSTALLING TWO LAYERS AT ONCE

Itis good practice when laminating a hull to apply a layer of the mat and a layer of roving simultaneously
—mat always first. The method is to lay up the mat and use the roving to help soak up the excess resin,
which the mat often holds. The roving and mat are rolled out at the same time. If you become
proficient, you will find this method of installing your laminate offers the smoothest finish and the best
resin/glass ratio. The object of the exercise, when laminating, is to have the correct resin to glass ratio.
The strength is in the glass so you do not want a resin rich laminate nor do you want your laminate to
become resin starved - you will soon recognise a good laminate.

When installing the laminate wet out the surface to receive the laminate as well as the underside
and top of the laminate. No need to use excessive amounts of resin, more importantly make sure
the fibreglass material is evenly saturates and well rolled out to remove excessive resin



LAMINATINGWITHATEAM

Another method of applying your laminate is to have a team of helpers, so the laminating can be
completed without any interruptions, over a few days. You should have enough help to apply at least
one full layer (mat and roving) over the hull per day. Do not apply more than two layers per day as the
curing process will generate too much exothermic heat and may distort and damage your laminate.
Using this method, you will apply one layer all over the hull before starting the second layer. Some of
your team may be installing the second layer a few hours behind you, while the others are still completing
the first layer. Four people are the maximum who can be gainfully employed on one hull, one mixing
the resin and pre-cutting the lengths of fibreglass fabric and three applying the laminate. Within reason,
the faster you build up the laminate, the better the bond will be between each succeeding layer. Technical
data can be obtained from your materials supplier and, in most cases, they will be happy to visit during
lamination to see that everything is being done in a proper manner.

NOTES ON LAMINATING -ALL METHODS

For ease of handling, try to obtain mat and other fibreglass materials that are about 30" [760mm] wide.
When laminating, always overlap the joints of the preceding layer and if you are using a unidirectional
roving, change the direction for each layer. Never allow the edges of one layer to lay over the edges of
the previous layer. Not only will this weaken the laminate, it will also cause a high spot. Wherever
possible, always tear edges of the mat to blend in to the surrounding laminate and always start and
finish with a mat layer - never laminate roving to roving without a mat between. Itis agood idea to
trim the sheer as each layer of laminate cures. It is easy to trim around the sheer and anywhere else
where trimming is required, when the laminate has just cured and before it reaches its final hardened
state. A sharp trimming knife will do the job nicely. If you let the laminate set really hard before
trimming the sheer, you will need to use a jig saw or diamond saw to cut off the excess laminate.

When you have completed the design laminate for hull or deck, do not be tempted to add extra layers
to “make it stronger”. If you have any queries about the laminate, please consult your designer. Do
not, under any circumstances, just add a little more because you believe you will improve the strength
of you hull, you are adding unnecessary weight and wasting money.

The extra laminations needed for the keel and other areas below the waterline can be added once the
full hull laminate is complete. If you have used an isothalic resin, for increased resistance to water
permeation, it is advisable to coat all areas below the waterline with several layers of vinyl ester resin
and fibreglass tissue. Before you start on the serious finishing work, check over your hull and, using a
fibreglass putty, fair out the obvious humps and hollows.

FINISHING TECHNIQUES

The easiest way to check if your hull has any unfair areas, it to have sunlight or strong artificial light
shining from one end as you look along the hull either with or against the light. If you really want to
check the fairness, then the best time is at night. Shine your torch along the hull and you will soon see
all the imperfections in the surface. Use this technique frequently during the final fairing process.

At this stage, you can expect your hull to show some imperfections and these can be removed during
the final fairing operation. You have to decide the standard of finish you are prepared to accept. Set
your standards as high as possible. Work towards this goal and you will end with a hull you can be
proud of. The resale value of your boat is important and the better the finish the higher the value.
FINISHING THE HULL
If your hull has been carefully laminated and will not require too much finishing, you will be a lot
closer to achieving a good looking boat than a sloppy builder and you will avoid a lot of back breaking
hand sanding.

The first process in finishing a hull, is to sand the surface with a disc sander running at not more that
4000 RPM. Use asoft pad (Ferro type) equipped with 30 to 40 grit open coat floor sanding type discs.
The soft pad will prevent you from digging holes or causing other imperfections as you sand the hull.
After you have sanded the outer layer of the mat, you must decide whether you need a professional
plasterer to apply your screeding material. If your hull is unfair and has many humps and hollows,
you would be best advised to have a local tradesman screed your hull with resin putty “bog”.



RESINPUTTY

The type of resin putty to be used here is made from waxed resin with enough industrial talcum powder
or micro balloons or other suitable filler mixed to a suitable thickness similar to soft butter, not too
thick and not to thin. You will need a steel screed that is about 2’0" [610mm] long. The best
screeding tools are made out of the type of steel that is used for making handsaws so an old saw with
the teeth ground off would serve the purpose.

The resin putty “bog” will have extra added accelerator, about a half to one percent — talk to your
supplier for the correct amounts. Make sure you experiment with your resin putty mix, before you
start hull. Colours can be added to different bog layers to show what progress you are making. If you
hull is reasonably fair or even if it is not, you may elect to do your own screeding using the materials as
outlined in this chapter. You will soon get the hang of it.

The method is to start at the keel line and work down towards the sheerline, screeding down the hull,
until you have covered the entire surface. Now sand off to a smooth finish and repeat the process
working along the hull or diagonally so that the hips and hollows are covered from at least two directions.
If your “bog” starts to cure prematurely or if it contains lumps and foreign matter; throw it away
because it will only cause tracks and grooves in the area you are trying to screed. You will have very
little success if you use “bog” that is not smooth and of the correct consistency. You will need some
practice to decide the right amount of the catalyst to use with each mix. Itis notwise to use a mix with
a setting time of longer than fifteen minutes, as your “bog” will probably suffer from under cure and
clog up your sanding discs when you get to that stage. If your mix is too fast, because too much
catalyst is used, it will set before you have a chance to screed it out. It is best not to leave your “bog”
unsanded overnight as you will have a difficult job to sand it the next day. At least sand the worst
before leaving it overnight. You may want to start your “bog” finishing on the transom so if you do
have any problems, you find out on a small area rather than the hull itself. It is important to get your

Chas Hornick checks out the fairness of his Spray fibreglass hull. Use two of your senses to
check out the fairness of your hull, sight & feel play a large part in achieving a fair hull surface
that will still look good when you apply the all revealing finish coats to the surface.



Make sure to trim at
the sheerline as you
go; it is much easier
to trim after each
layer is set rather
than wait until all
layers are in place.

Building a cradle
around your hull will
make the turning op-
eration go more
smoothly and the
cradle will support
your hull for the re-
mainder of the con-
struction program.

Screeding your hull is a very
important operation. Make
sure that you do a through job
of fairing your hull BEFORE
painting !




“bog” mix right because you will use the same formula throughout the boat. It is important to keep the
sun off any part that is being bogged. Even a weak sun will increase the cure time and cause distortion.
FINAL LAMINATIONS AND FINISHING

The final hull laminations are so important that they are repeated here. The final layer in your lay-up
should be a chopped-strand mat ... The extra laminations needed for the keel and other areas below the
waterline can be added once the full hull laminate is complete. If you have used an isothalic resin, for
increased resistance to water permeation, it is advisable to coat all areas below the waterline with
several layers of vinyl ester resin and fibreglass tissue.

Experienced laminators and this includes builders who have laid up their own hull, can apply a layer
of the mat and a layer of woven roving in one operation. The advantages are that the laminate can be
rolled out and any previously formed irregularities can be eliminated by using firmer pressure on the
high spots and a lighter pressure on the low areas, thus ironing out the laminate and resulting in an even
surface. Keep this in mind when installing your main laminate. Once your hull has been screeded and
spot filled, sanded off and any surface tissue or finishing cloth that is required has been applied, you are
ready for final hand sanding and painting.

About now, is the time when many people say enough is enough. Itis notenough. If you paintyour
hull without carefully taking the final finishing steps, you will forever be disappointed in its appearance.
You will also greatly undermine the resale value of the completed boat.

PAINTING YOUR HULL

Now a final sanding of the refilled areas, one last check over your hull and you are ready for the final
finishing. Usually you will be applying one of the polyurethane or epoxy finishes. One last word on
finishing - no matter how smooth and fair you think your hull is you may find it is not as perfect as you
thought. When you apply the final gloss, the truth will become apparent. If you consider your finish
absolutely perfect, then you will most likely be satisfied with the result. If you accept less than a perfect
finish now, you may be disappointed later.

There is a wide selection of paints that are suitable for protecting the outside of a fibreglass hull -
some for above the waterline, some for below. The method of application of your finish coating, will
depend upon which material you select. If you believe your hull surface is sufficiently good to accept
a high gloss finish, then you may be spraying your final coats. If you are of the opinion that your hull
surface will not look it’s best with a shiny smooth surface, then you may prefer to roll and brush on the
finish coating.

When you roll on your finishes using a short nap mohair roller, you will achieve a slightly orange
peel effect. This can be used to advantage by rolling the second last coat, lightly sanding the finish and
then spraying the final coat. This will take away the high gloss finish that may not be appropriate for
your hull. No matter what material you select as a finish coat, make sure you try samples before
committing yourself to applying the material to the complete hull surface. In some cases rolling followed
immediately by brushing can give a passable finish to an imperfect hull. One last job before you turn
you hull is to trim the sheerline after carefully marking it from the sheer batten. You should have been
doing this right through the laminating process, but if not, you will need to do it now. You will need a
tungsten tipped saw or a jigsaw fitted with a tungsten or diamond blade, to cut the fibreglass. It is much
easier to trim the sheer while the hull is upside down and close to the ground.

PREPARING FOR TURNING HULL UPRIGHT

After you trim the sheerline, install a 3" x %4 [75mm x 20mm] timber batten around the sheer. Scarf
the batten to a length that will go right around one side of your hull. The batten is first clamped in
place and then secured to the hull using self tapping screws that are located every twelve inches [305mm]
around the batten. The screw should be long enough to go through the batten, the outer laminate and
some way into the core, not so long as to go into the mould. After the mould is removed, install a
similar batten inside the sheerline. The reason for fitting the outer batten before the hull is turned over
is to protect the edges of laminate and add some stiffness to the hull shell after the mould is removed.
Once the hull is turned and the mould is removed, you will find the hull is quite flexible, so the outer
batten is part of the system that will keep your hull in shape until you can install the inner laminate,
bulkheads and other hull stiffening.
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Adam and Barbara Szczurowski photo of their Spray 36 fibreglass hull. If you are building a
Bruce Roberts designed boat then your plans will show this type of turning over cradle. This
arrangement has worked for all types of sailboat, powerboat and even catamaran hulls.

There are several ways of turning the hull - The one shown above uses one crane and an
arrangement with two shings as shown. As shown elsewhere you may prefer to build a cradle
around your hull.



Once you have
the hull upright
the first job is to
remove  the
mould; this can
be done as
shown or piece
by piece as is
illustrated.

TURNING THE HULL
Please make sure to read the chapters on building in steel and wood epoxy as you may find some useful
tips that could be applied with it comes to turning your hull into the upright position.

There are several methods that have been used to successfully turn the hull and remove the mould
former from the hull shell. In some respects, the method you will choose will depend on the size of
your boat. Boats up to, say 25 feet [8 metres], can be handled without mechanical assistance. Afew
bottles of cheer and a number of your friends will take care of the turning over operation. For larger
hulls a more serious approach is required.

If you are building in a shed, it is a simple matter to turn you hull and mould over in one operation.
Use two chain blocks and endless slings that are placed around the hull about 25% in from the bow and
stern. The chain blocks are then used to raise the hull and mould off the floor and rotate the entire
structure in the endless slings. The hull can then lowered into a prepared cradle. Next attach the chain
blocks to the mould structure and lift
the mould out of the hull. The hull is
now moved out of the way and mould
lowered and inverted ready for re-use,
sale or demolishing. Another method
of turning hulls of any size is to use a
crane fitted with a spreader bar and two
endless slings. Assuming the hull is in
shed, it then has to be removed either
by using pipe rollers placed under the
strongback or dragged out on skids.
MOVING HULLS

You can move large, bulky and heavy
hulls and decks by the use of the You can lift the main mould out in one piece, you may

simplest of devices. Afew 2" diameter ~have to remove the keel and transom mould out in pieces.

[50mm] pipe rollers 9’ [230mm] long

can be used to roll your hull, if you set down planks for the rollers to run on and keep taking the rollers
from the back and placing them at the front as the hull moves along the desired path —angle the rollers
if you want to move the hull in that direction. You should use 4" x 2" [100mm x 50mm] timber levers
say 5’0" [1.5 M] long when you want to lift the hull and mould structure to slip pipe rollers under the
strongback or bedlogs.




Moving this Spray 33 hull will not present much of a problem but shifting larger hulls may
present a more difficult problem and require considerable fore-thought and planning.

Another method we have used to turn large hulls is to build a framework around the hull. A strong
cradle built over the hull while it is upside down and braced through and under the sheer will make a
good turning over cradle. Use three sets of frames, one forward of the keel, one in the middle of the
keel and one aft of the keel. Diagonally bracing will be required. See illustrations shown here for
extra guidance. Use coach bolts throughout the assembly of your turning over cradle. When upright,
the cradle should be capable of supporting the hull until you complete the project. Once your hull is
in the upright position, the crane can lift the mould from the hull and turn it upright ready for disposal.
If you reuse a mould you may be liable to pay the designer of your boat a royalty payment. Itis wise
to check the legality of such a move.

BUILDING THE EZI-BUILD FEMALE MOULD - IDEAL FOR CHINE TYPE HULLS.

If you are considering building a chine hull such as a power boat, single or double chine sail boat or
similar craft, you should consider using the “Ezi-Build” fibreglass technique. There are two main Ezi-
Build methods - one where you build an inexpensive female mould and lay up the hull in that mould
and another where you pre-make the hull panels and assemble them inside a simple frame mould.

First we will look at the female mould method. Back in the early 1960’s, we were designing fishing
trawlers that could be built of fibreglass using inexpensive one-off or limited production moulds. With
the current rise in the number of people interested in power boats and the acceptance of chine hulls in
general, we decided to simplify and streamline our original methods to make them suitable for one-off
production by amateur and professional builders.

When looking at these techniques, we were developing a new range of power boat designs using the
latest CAD software so that these designs did not involve difficult curves but instead were easily
assembled in simple one-off moulds. These new designs all reflected the ability of the computer to
produce absolutely fair, developable hull surfaces suitable for turning flat sheets of fibreglass into
attractive hulls.  Most of the original designs were directed towards steel or aluminium but the
demand for similar fibreglass methods led us to develop computer lofted hulls with full developable
surfaces and the result is the Ezi-Build technique.



Adam & Barbara Szczurowski




ALWAYS STUDY YOUR PLANS

Once you have selected a design to build, and armed with a suitable set of plans and full size patterns,
your first step should be to carefully study these plans. This advice applies no matter which building
method you are using. Every hour of study can save many hours of construction time. Make sure you
have allowed adequate study time before you start to build your boat.

LAYING OUT THE PATTERNS

If you are working with printed full size frame patterns, you should not open them until you are ready
to use them and you will need an area at least as wide and tall as the boat you are building. This area
should be as wide as the beam of the boat plus a minimum of one foot [305mm]. The depth should be
the depth of the hull, plus a minimum of 3 feet [1 metre]. This space will be the minimum required to
construct the frames over the patterns. This procedure will be explained in your plans and should be
easy to follow.

“EZI-BUILD” MAKING THE FRAMES

When marking the frame shapes on to the timber, you should use a dressmakers wheel or nails, as
shown in your plans, for transferring the shape of the patterns to the timber framing material.

Please excuse the quality of this photograph; it was taken in 1969 when we were building the
first fibreglass trawlers in the Southern Hemisphere, Here we see how a split mould facilitates
the easy removal of the hull from the mould..



Remember, that you are making frames for a female mould. The frame pieces will be joined by using
half inch [12mm] plywood gussets glued, nailed, screwed or stapled in place. Screws are strongest
but staples are quickest and most convenient. Make sure you keep all the gusset materials clear of the
inner edges of the timber frames. Later, you may need to trim these inner edges with a plane and nails
or gussets will interfere with this process.

Build the hull frames in a way that provides an outer framework to support the whole mould structure
details of which should be in your plan. In designs under 32 feet 10 metres, the bottom of the support
structure can be canted 45 degrees which will enable the whole structure to be tilted, side to side, for
easy lamination. On larger hulls, it is advisable to hang scaffolding inside the hull structure to support
planks for working from.

SPLIT MOULDS

You may want to consider a split mould. Here you build the mould in one piece, but with the intention
of separating the mould down the centre line so that laminating can take place from a corridor up the
centre of the hull. This is a bit more complicated and should only be used on larger hulls, if at all.

To achieve a split mould, the centre line board and the stem and the transom centre line boards are all
doubled up and bolted together so they can be separated when the mould is completed and you are
ready to commence the laying up process. The transom can be a one piece affair that is designed to be
installed after the hull is assembled.

When you are laying up in a split mould, you install the basic laminate in the normal manner except
that each layer is stepped back at the centre line where it will later be joined. After the laminating is
completed, the mould is reassembled by moving the two halves together bolting along the centre line.
Now you install the remainder of the laminate plus the extras usually installed in the areas of the keel
etc.

For one-off boats, the relatively cheap Ezi-build mould, which is easy to disassemble, has eliminated
much of the need for the more complicated split mould and, for those of you who think that these
methods present more work than is justified, compared to building a one-off hull over a male mould,
let me assure you after having sanded many fibreglass hulls, | feel these methods are by far the best and
fastest way to build a one off fibreglass power boat or multi chine sailboat hull.
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After assembling all the frames, they are set up on a system of bedlogs.



SETTING UPTHE FRAMES

The frames, are set up on a system of bedlogs so that the whole structure is true and level in all
directions. If the bedlogs are level the hull structure will also be level. 1t will be necessary to run a
centre line wire or string line up the centre of the bedlogs. The frames will all have a centre line
marked on the top headstock and the bottom cross bar. It is a simple matter to set up the frames spaced
as shown on our plans. A plumb-bob hung from the headstock centre line of each frame assures that
the frame is vertical and on the centre line. Use a large builders square to make sure the frame is square
off the centre line.

SETTING UPTHE STEM

Install the stem and centre line board, which is an extension of the stem and runs the full length of the
bottom of the hull, simultaneously with the frames and using adequate props and bracing. Atip on
setting up the frames — if the frames forward of frame 5 are set up with their forward face on the station
line and the frames aft of frame 5 are set up with their aft face on the station line, then most of the
bevelling and fairing will be avoided. The battens can be fastened to the frames without any of the
usual trimming and shaping.

The best sequence for installing the frames is to set up the centre frame first, usually station 5. Make
sure this frame is truly vertical, using a plumb-bob hung from the centre line marked on the headstock.
Use a large carpenter’s square to ensure the frame is at right angles to the centre line. Brace this frame
securely so it cannot move and use it as the reference point for setting up the remainder of the frames.

When all the frames, stem, centre line board and transom centre line board are in position and securely

braced, then you can start to install the battens. Battens are best if made from 5/8" [15mm] thickness
timber. Scarf the battens into full length pieces, the length of the hull plus a few inches for trimming.
The batten width may vary. For the bottom you may use wider battens up to 4" [L00mm] and for the
sides a width of 2" [50mm] best. You should have a stock of wider boards of the correct thickness and
then rip the battens to selected width depending on the requirements of your particular hull shape.
INSTALLING THE BATTENS
First install the chine battens, one close to each side of the chine. Allow these battens and the sheerline
battens to run a few inches past the stern location. Now you may install the transom section of the
mould. Camber boards are
half checked at right angles
to and on to the transom
centre line board. Once the
camber boards are in place,
batten up the transom
vertically. Itisusually not
necessary or advisable to
nail the side and transom
battens together, use
plywood strips outside the
battens placed near the
intersection of the side and
transom battens to hold the
battens fair.

You should have a fully
developed and expanded
transom pattern in your
plans. Using this pattern
you may prefer to make up
the transom as a separate

unit and serve it up to the

Looking from outside the mould structure; note fairing strips on
outside to keep the battens fair and also note the frames could be
a little wider.



mould in one piece. If
you make the transom as
a separate unit, it can be
at least partially laid up
away from the main
mould. This s required
if you have a transom
with a reverse panel,
where the laminate would
need to be laid up from
beneath, a very difficult,
if not impossible
operation. If you build
the transom in place, then
the transom pattern can
be used to cut the lining
material.
Here we see the mould lining installed in a chine hull mould. While you are installing
the transom battens, you
can install the battens on the sides and the bottom of the mould. Always install battens on alternate
sides of the centre line, working progressively on both sides. After all battens are in place, install
fairing gussets or strips of one half inch [12mm] thick by four inches [L00mm] wide plywood, clench
nailed on the outside of the battens, one or two strips between each frame. The strips run from sheer
to the chine and from the chine to the centre line. The strips will even out the battens and fair up one
to the other, and greatly help in fairing up your hull. You will need two people to install these plywood
strips. As you will be attaching the mould lining with contact cement rather than nails, you should
make sure the battens are fair before you start to install the lining material.
CHOOSING THE MOULD LINING
When all the battens are installed and you are satisfied with the fairness of the mould, the next job is to
install the lining. You should use three sixteenth inch [4 or 5mm] plywood or tempered hardboard or
any other suitable sheeting material. 1f you use plywood it will need to be coated but be sure that the
coating is compatible with the fibreglass — do a test. From this stage onward work closely with your
fibreglass materials supplier and take his advice on the correct wax and release agent to use on the
mould.
INSTALLLING THE MOULD LINING
No matter which mould lining material you choose, it will need to be attached to the battens with
contact cement. Nail only where absolutely necessary as the nail heads will show up in the finished
laminate and can be difficult to fill. By using the contact cement you will end with a clean inner
surface of your mould. Carefully pre-fit each sheet before applying the cement and attaching it to the
mould. Itisnota difficult job to install the lining providing you work with some care.
FINISHING THE MOULD
Once you have installed the mould lining, you should fill any small gaps with mould wax. Radius any
areas where you need to have rounded corners. For this job, you can use body filler or any other
polyester based material that is compatible with the fibreglass laminate you will be installing.

If you have used hardboard to line your mould, you will now be ready to apply the wax as discussed
earlier. 1f your mould has some other lining material you may have to use a PVC release-agent. You
should talk to your material suppliers about the most suitable system.

INSTALLING THE LAMINATE IN THE EZI-BUILD MOULD

Even if you later intend to paint the hull the most important part of the laminate is the gelcoat and first
layer. We would recommend you use some form of gelcoat, either pigmented or clear.

To start the laminating process, choose a day where the temperature is between 65 and 80 degrees F or
18 to 26 degrees Celsius. Brush or spray the gelcoat on to the mould surface where it should be




applied at a thickness of 0.5mm. You can measure the thickness of the gelcoat by using a special
gauge obtainable from your fibreglass supplier.

Ideally, you should use a clear isothalic NPG gelcoat and back it up with a layer of surface tissue and
vinyl ester resin. This is important so see your resin supplier about getting the right materials if you
want to be sure of increased resistance to water permeation and avoid any possibility of osmosis, at a
later date.

You will need two or three helpers as you start to lay up the hull and it is advisable, for temperature
control, to be at the same stage of lamination each day with each successive layer. If the laminate
overheats from applying too much material at one time, it may cause distortion and pre-release from
the mould.

FIRST LAMINATES

The day after you have applied the gelcoat, you should apply the first layer of light chopped-strand
mat, usually %2 ounce per square foot [150 g/m 2]. This layer is very important and should be carefully
rolled out to avoid any chance of air bubbles. Air bubbles in any layer are a nuisance but in the first
layer, they could lead to problems. Vacuum bagging is one solution to avoiding these voids — see
chapter.

Once the gelcoat and first layer of mat are in place you will have passed the most critical stage of
your laminating process. Providing you follow some form of temperature control, you should go on to
complete the laminate without any problems. As mentioned earlier, always finish your laminating at
the same part of your hull each day. Three willing workers can lay up a fifty foot [15 metres] hull in
afewdays. Two layers of fibreglass per day, one mat and one roving, is a reasonable amount to install
at one go without causing the laminate to overheat. New resins are being formulated all the time so you
must have the latest technical data and support from your materials supplier.

The number of layers of mat and roving required will be shown in your plans. After the layers that
cover the whole hull surfaces are completed, you will most likely be required to install extra layers in
the areas of the keel and below the hull waterline. Most laminate schedules call for overlapping and
or interleaving the various layers in the areas such as the chine and keel, thus building up extra strength
where it is required.

Again, we remind you to trim the sheerline of your hull each day. This will usually be done as work
progresses and about an hour after the final layer for the day has been installed. Once you have
installed the basic laminate and any extra layers called for in your plan laminate schedule, you should
add any stringers, sole shelf, deck shelf etc and any other reinforcing members called for in your plans.

You should then install all the ribs, stringers, bulkheads and web floors before you remove the hull
from the mould. After you have completed the installing of the stringers and ribs etc and if you do not
plan to use the mould again, you may prefer to remove only the mould above the chine or water line,
leaving the bottom section to act as a cradle.

EZI-BUILD SANDWICHHULLS

If you are building an Ezi-build sandwich hull, then you will lay up the outer laminate plus any extra
layers in the critical areas, before you install the core material which may be PVVC foam or end grain
balsa. In either case, the best method to install the core is to use Vacuum bagging techniques that are
described elsewnhere in this book although the core can be installed manually. 1f you intend building
asandwich hull, please read the chapters on one off building, where you may pick up a few ideas on the
handling of core materials.

PANEL CONSTRUCTION

The panel method of building a one off fibreglass boat is a variation on the Ezi-build technique. The
method is ideally suited to building chine hulls including catamarans and any power boat or single or
multi-chine sailboat hull. The main advantage of using this technique is that a full mould is not
required. You will retain the advantage that a minimum of finishing is required for the outer surface
of your hull. Very little filling and sanding will be needed to achieve an excellent professional standard
of finish.

For panel construction, the system of building the female frames and setting them up on a set of bedlogs,
is similar to the methods used when building an Ezi-build mould. Only a few battens are required to



Disposable mould used by Thai-Kiwi Marine to build the Bruce Roberts designed Cat 35 Trawler
for an Australian client. Thai-Kiwi Marine intend to use the first set of mouldings built using the
panel methods as a plug to take off female moulds for the Power Sailer Cat 35 ..

hold the frames square and vertical. The technique of setting up the basic framework to hold the
fibreglass panels is similar to the first stages of building the Ezi-build mould. The fewer battens
required and the absence of a mould lining material, are the main differences between the Ezi-build
and the Panel methods.

Additional bracing is used on the outside of the frame assembly and once the frames and the few
battens are installed, the mould is ready for the fibreglass panels. The success of the Panel method
depends upon the builder obtaining accurate information such as computer generated full size patterns
for the frames and either patterns or computer lofted offsets for the panels. We have successfully used
this method when designing power catamarans and out builders report excellent results using the
technique.

LAMINATING PANELS

Once you have the basic framework in place, you can think about laminating the panels. Before you
proceed, check over your framework to make sure it is true and level. It is very important that the
framework is sufficiently braced to insure that the shape will be maintained during the installation of
the panels.

LAMINATING TABLE

First you will have to build a laminating table. The surface of the table is very important as any
blemishes in the surface of the table will be faithfully reproduced in the outer surface of your laminate,
so it should as smooth as you can make it. The top surface of the laminating table can be made from
any one of several materials, however % [6mm] tempered hardboard backed up with adequate framing
would be my choice. There are many others to choose from as long as they have a smooth shiny
surface and are compatible with polyester resins, should serve nicely. As the sandwich panels can be
large, the table top material is best if available in one piece. Check this out as the fewer joins the better.
In most cases, you will need to prepare the surface with a wax and release agent. See preparing the
Ezi-build mould. Once the panels are laminated they are laid inside the framework and joined together.



Here we see a fiber-
glass bulkhead being
laid up on a laying-up
or laminating table.
Once you get the idea
of laying up indi-
vidual panals you will
find many and varied
uses for the laying-up
table.

The method of making each panel is quite simple, providing you have accurate patterns or offsets for
each panel. Using masking tape, mark out the shape of each panel on the laminating table and lay up
the required laminate to form one panel. If you are using a core material, it should be installed while
the laminate is on the table. Consider which way the panel will need to bend, if any, when itis laid in
the mould, before installing the core on your laminate. Depending which brand you are using, cores
often take a bend better in one direction than another. Usually only outer laminate and the core are
installed while the panel is on the table.

This photo shows the fibreglass Power
Sailer Cat 35 being laid up using the panel
methods described in the text.

STEPPING BACK THE LAMINATE
The edges of the panels do not receive the full laminate or core. These are stepped back from the edges
so that after installation, the full laminate can be completed where two panels join. When a panel has
been laminated, it is removed from the table as soon as possible. The panel is installed in the framework
while itisstill “green” as it is easier to fit into place while it still has some flexibility. When you have
all the panels in place and they have been joined, the remainder of the inner laminate is then installed.
Some deck parts, cabin sides, cabin tops and other areas of your boat can have both sides the sandwich
laminated while the panel is still on the table. This is only recommended in areas where there is a
minimum bend required to place the panel in its final location. Installing the interior laminate, stiffeners,
if required, and bulkheads etc., follow similar methods to those used in other fibreglass hulls.



Please excuse the
quality of this photo
taken in the early
1970’s. Bruce
Roberts-Goodson
(on right) discusses
the progress with
Len Freestone (left)
of the fibreglass
hull being laid up
in a disposable split
mould. Note the
heavy fibreglass
stringers.

FIBREGLASS - LAMINATING THE INTERIOR
This section covers the interior reinforcement required in most single skin hulls, whether they male or
female moulded.

SECONDARY BONDING

Before we consider any internal reinforcement, we must consider how we are going to bond this to the
hull. The term secondary bonding refers to any laminating where you are adding to the cured laminate.
For instance, where you are installing a bulkhead, a web floor, a stringer or a rib, you would be making
asecondary bond. Ifyou find it necessary to stop work on your basic laminate for over 48 hours, you
will have to make a secondary bond when you recommence the laminating process, although | doubt if
most builders would class it as such. Usually, a secondary bond can be as good as a primary bond as
long as proper preparation has been made.

In practical terms, it is impossible to build a fibreglass boat without incurring many situations where
secondary bonding is required. Providing you understand the process and take due care, there is no
reason to expect any problems during construction, or when the boat is finished.

There are several things you can do to prepare a fibreglass hull for secondary bonding. In all cases
you should sand the primary part so that no shiny surface, dirt or any other foreign material remains
where the new part is to be bonded in place. Inaddition, the hull interior surface can be wiped with
styrene or acetone to remove any impurities and help key the surface for further laminating but, you
should talk to your materials supplier about this to obtain the best recommended methods for any
particular brand of resin or climatic condition. Always prime coat plywood before you bond it into
place.

STRINGERS AND RIBS

Single skin fibreglass hulls will almost certainly require stringers, ribs and web floors. Sandwich hulls
may require some stringers and ribs and will require web floors. Your plans will show you what types
of stiffening your hull requires and where it is to be located. Stringers and ribs have similar construction.
It is normal to install the stringers first and then use an intercostals type of rib. An intercostals is
simply a short length of rib between each stringer, running from the sheer or deck shelf down to the sole
stringer or sole shelf. The transverse webs take over from there in supplying the athwart ships stiffening.



There is no reason why you should not lay out the system of ribs and stringers with foam and then
apply the laminate simultaneously. A problem that may occur is that the foam cores of the stringers
and ribs are easily damaged and you would need to be very careful until you have installed some
fibreglass covering. Afoot in the wrong place and you can do damage. Electrical wiring and plumbing
can be placed in these stringers but if there is ever a problem you will never know where it is coming
from, as we once found out to our cost, so it may be best to keep the wiring and plumbing external.
Wiring can be set into cored deckheads but you have to know where the lights are going to be and some
certification authorities are not keen on this.

Stringers and ribs are usually foam cored. Rigid urethane foam of about 2 % pounds density can be
purchased in sheets of a thickness equal to the depth of your stringers and ribs. Cut this material into
strips on a band saw or other fine bladed saw and, if you are careful, you can even use a handsaw.
Angle the saw to make stringer cores that are wider at the base than the top. Alternating the cutting
angle will ensure there is no wastage. Stringers and ribs can be various shapes to play special roles in
the hull. For instance, a stringer that will form a deck shelf will be flat on the top to accept the deck
panel, but angled underneath. Asole stringer will be flat on the top and shaped to fit the contours of the
hull. The engine bed stringers may be vertical on the inside and flared outwards on the outer sides.

All the shapes can be arranged when you cut the foam into strips, so make sure you have the right
materials on hand. The various lengths of foam stringer material are butt joined and placed in the hull
where they are quickly fastened into position with a hot mix of resin putty. Afew spoon size lumps of
putty set about 6 inches [150mm] apart will hold any foam stringer in place until you are ready to
apply the stringer laminate.

Stringers and ribs are generally covered with a mix of mat and roving. Some stringers have extra
layers of roving on the tip to create an | beam effect. Your plans should give you the laminate requirement
for all the stringers and ribs in the hull. When installing the stringer and rib laminate, you will extend
it out in varying amount on to the hull surface. This bonding extends out from 4" [L00mm] to about
6" [150mm] each side of the stringer or rib. Webs in a power boat are usually arranged in an “egg
crate” configuration so they not only stiffen the bottom of the hull, but also support the cabin sole and
you can also fit the tanks into this areas.

Here we can see the foam
core for stringers and ribs
being installed in a
fibreglass hull..




INTERNAL TANKS

Internal tanks in fibreglass boats are easy to build and make most use of the available space giving
maximum capacity for fuel and water in the area selected. Purpose resins have been developed for
coating the inside of these tanks and, properly built, they should provide an economic, maintained free
alternative to fabricated tanks. Post-curing of the tank resin is necessary in water tanks to rid them of
chemical taste and this can be done with the heat from a light bulb. Once they are fully cured they can
be filled with water and lemon juice and left until the boat is ready for launching — pump them out
before launching to save weight. All tanks should have inspection access.

WEBS

Webs can be made from solid fibreglass which has been laid up flat on a laminating table. An alternate
method is to fit plywood or hardboard webs and then install the laminate on either side including the
bonding on to the hull. The webs are generally set on ribs or stringers so as not to create a “hard spot”
where they meet the hull. The tops of the webs should be fitted with a 1" x 2" [25mm x 50mm] timber
or foamrib. Cover this rib with the web laminate, excluding the very top, and it will add strength to
the arrangement and provide a landing for the plywood sole. Before proceeding, study the section of
your plans covering the installation of the ribs, stringers, web floors and bulkheads. Often the bulkhead
positions will govern all the spacing of the transverse webs, so marking out the bulkhead locations is an
important step in your building programme. We generally recommend spacing the webs and ribs, if
required, equally between the bulkheads, but there may be exceptions to this rule so the best idea is to
follow the designer’s recommendations.

Some builders
will  find it
convenient to
prepare the web
floors outside the
hull and will
install them by
laminating into
the hull. You will
need to make
accurate
patterns of the
webs to ensure
that this method
is worthwhile.

ENGINE BEDS

As the bottom stringers are generally installed first it is a good idea to include the engine stringers and
beds at this time. The location of the engine stringers, if called for, especially if there is a twin engine
installation, will govern the spacing of the other bottom stringers. Engine bed stringers can be all
foam and glass construction or they can have timber or steel inserts. You plans should specify the
recommended method(s) for building the engine beds for your particular boat. Size of the engines,
both physical and by horsepower ratings will be important factors in deciding just how you build the
beds. There are special high density cores available for this purpose - check with your supplier for
details. Overkill in this area is recommended.



Usually engine beds have a laminate that consists of alternate layers of mat and roving with extra
layers on the top of the beds. Arequired system of athwartships webs is installed to support the engine
beds. These webs will be cut away below the engine to allow room for the sump. 1f you are using a
foam and glass, or a foam glass with timber or steel inserts, it is best to build the basic core structure
and then laminate the complete structure as one unit. This avoids as much secondary bonding as
possible. The area under and around the engine will need to be particularly well covered with interior
gelcoat. On smaller boats, engine beds can be made from plywood on edge, heavily glassed and with
angle iron bolted to the tops to support the engine. This is a well proven system.
BULWARKS
On sandwich hulls where there is a bulwark or toe rail, we recommend that this be solid glass which
means that any core material be removed. You will later add stiffness to the bulwark by carrying the
deck laminate and bonding up to the top of the sheer. You may also add bulwark posts or webs to
complete the strength of the bulwark.
Solid glass hulls naturally have solid bulwarks.
BULKHEADS
Once any stringers and ribs are in place, the next big job is to install the bulkheads. In some cases, the
bulkheads may be fitted before the webs, where the bulkhead itself serves as a web. Bulkheads are
generally made of one or more sheet of plywood. As most boats are wider than the available plywood
sheets, you can order pre-scarfed plywood or rebate and glue the sheets although this is not as strong
but, with furniture attached, there is little difference by the time the boat is finished. Another method is
to make the bulkheads out of more than one layer of plywood. Inthe case of ¥2” [12mm] bulkheads
you can laminate two layers of %2 [6mm] and for %” [20mm] you can laminate two layers of 3/8"
[L0mm] and so forth. Stagger the joins of the sheets and glue and temporally staple together. Before
you bond the bulkhead to the hull, be sure to give it a prime coat of resin, where it is to be bonded. This
prime coat should extend all around the edge of the bulkhead and about 6" [150mm] on to the bulkhead
surface. As you

This set of
plywood
bulkheads is in
place including
some filler
where bulkheads
join the hull and
cut-outs already
in place for
various trunking
that elements
will be required.

will probably want to paint the bulkhead, at a later time, limit the resin to areas where you will be
bonding only. Generally speaking, epoxy resins and glues can be used over polyester but not the other
way and it is best to have bare plywood for any bonding and gluing. In many cases, bulkheads will be
installed on a rib where an angle joint of fibreglass should be extended for 4" to 6" [100mm to 150mm]
on to the hull and the bulkhead reducing a small amount each layer to avoid a hump. A number of
holes of about 2" [50mm] diameter may be cut around the perimeter of the bulkhead then chamfered



from both sides to accept the fibreglass. The bulkhead bonding will then be joined from each side,
through these holes, greatly increasing the strength of the bulkhead to hull join. Only the main structural
bulkheads need to be installed at this stage. These will be arranged so that the tops are allowed to rise
far enough above the sheerline of the hull to allow for the shape of the deck and cabin including the
cabin top cambers. On larger pleasure boats and on most commercial vessels, it may be necessary to
have some form of bulkhead stiffening which will be shown in the plans. In small to medium size
boats, the bulkhead stiffening may take the form of the framing for the furniture and joinery, which
will be fastened to the bulkhead. It is possible to make the bulkheads from fibreglass using core
materials such as Balsa or PVC foam, but our experience shows it is better to make the bulkheads from
plywood unless there is some compelling reason to use fibreglass sandwich - such as incorporating
furniture into the bulkhead.
INFUSION & PRE-PREG BUILDING METHODS.
Infusion and Pre-Preg methods of building a fibreglass boat are similar in that the both lay-up the mat
and woven roving reinforcement materials in a mould. The infusion method then inserts the resin once
all the layers of reinforcement are in place. The pre-Preg method is to lay up the reinforcement materials
and the resin at the same time but use an oven to accelerate the curing of the laminated part such as a
complete hull, deck or other part. Because, certainly in the case of in fusion moulding and to a lesser
extent Pre-Preg the methods are still in the development stage and capable of being executed properly
by a handful of experts. If you want to learn more about these advanced methods then | suggest you
obtain a copy of PROFESSIONAL BOATBUILDER see www.proboat.com. The October/November
2006 issue has some coverage of infusion fibreglass techniques together with many other interesting
articles on boatbuilding.
LAYING OUT THE SIDE DECKS ETC.
Once the bulkheads have been installed, you can mark out the deck camber, the angle of the cabin sides
and the cabin top camber on your bulkheads. Your full size patterns may include camber patterns for
the decks, cabin tops and the pilot house but, if not, it is a relatively simple job to accomplish. Itis
usual for the decks to have the least camber, the cabin tops a little more and the pilot house the most.

When marking out the cambers, start with the deck camber and mark this right across the hull. Next,
measure the side deck width and mark it. Now draw in the cabin sides at the correct inboard angle and
lastly measure up the correct height for the cabin top and mark in the cabin top camber. The bulkhead
should now show an end-on view of that section of the cabins structure. Mark out all of the bulkheads
inasimilar manner. Double check everything before you cut the bulkheads to shape and make sure
you check you have the correct headroom. It is not advisable to increase the headroom without
consulting the designer of your boat

Itis wise to install all of the bulky items into your hull before the deck and cabin top are fitted, so your
next steps should be to rough out the interior furniture, fit the tanks, install the engine, ballast and bring
aboard any large items that may be difficult to bring through the hatch at a later date. It is also a good
time to give some thought to electrics and plumbing. It is relatively easy to run wiring and pipes at this
stage — think where your lights and switches are going to be and where you will require plumbing
outlets.
TANKS
Once a tank is installed, it may be built-in or removable, you don’t want to have to do anything to it
again other than general maintenance so it is very important to do the job right the first time. Diesel
fuel tanks can be built from stainless or mild steel, aluminium or fibreglass. Water tanks should be
stainless steel, aluminium or fibreglass. Never use aluminium for holding tanks as there are chemicals
in human waste that may corrode the aluminium. Both fuel and water tanks can be purchased, pre-
made in rigid or flexible synthetic material. | prefer to avoid the use of petrol or gasoline as a fuel for
boat engines, or for any other use in a boat but in some situations this may be unavoidable so, be sure
you seek professional advice on any such installation and what safety precautions to take. Over the
years there have been some bad accidents with petrol/gasoline installations so you cannot be too careful
with this fuel.




In fibreglass boats, fuel and water tanks can be made of fibreglass, usually built in to the hull under
the floor or furniture — special resins are available for this purpose and, in the case of water, are
tasteless. Fibreglass tanks are not difficult to make and can save a lot of money — consult your fibreglass
suppliers or boat designer for details. Don’t forget to correctly vent all tanks. The pipe for drawing
off the liquid should enter through the top of the tank and not quite reach the bottom. In the case of fuel
tanks, there should be a little reservoir around this pipe to stop the fuel sloshing around when the tank
islow. Ifadrain cock isfitted, it should be easily accessible and at the lowest point of the tank. There
should be access holes, large enough to allow cleaning of the tank interior, in every compartment. The
tops of these access holes should bolt in place and be fitted with a sealing grommet or compound.
Thoroughly test all tanks with up to 3 pounds of air pressure and post cure fibreglass tanks for at least
24 hours with a light bulb.

Do not over tank your boat. | have seen some builders turn their boat into a virtual tanker. Today
it is unnecessary to carry great quantities of water as the water makers are now more efficient and
affordable. If you do plan to carry a sizeable amount of fresh water; for sake of safety, make sure to
have more than one tank.
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This sketch shows all the elements that go into a marine diesel fuel tank. Water tanks will be
similar in many ways. Mild steel is fine for diesel tanks but stainless steel, special plastics or
fibreglass should be used in the construction of water tanks. No matter which material you use to
construct your tanks, you must test the tanks for leaks before you install in the hull

Estimate your fuel and other requirements sensibly. Flexible tanks made of various forms of synthetic
are available and can be useful especially in trailerable boats and for one off long distance trips where
the normal tank capacity would be insufficient. Other than trailerable boats, I would not recommend
installing flexible tanks as a permanent arrangement. Some builders/owners use them where the
irregular shape of an area calls for special consideration and where the flexible tanks is the simplest
solution. My advice is to consider all other options before using a flexible tank in other than a
temporary situation.



PROPELLERAPERTURES, HEELS AND SKEGS

On older long keel boats was usual to cut an aperture in the aft end of the keel to accommodate the
stern bearing and propeller. Today most long keel boats are designed with a metal or timber heel or
shoe attached to the aft end of the keel so apertures are seldom cut into the keel itself. In cases where
there is not enough room for the propeller aft of the keel and ahead of the rudder, it will still be
necessary to cut an aperture.

As it may be desirable to place the engine in your hull before the installation of the deck and
superstructure, it is probably a good time to consider forming the aperture or arranging the heel on
your hull. If the engine is to be installed at a later date it is still possible to prepare for the installation
using a cardboard or plywood mock-up of the engine and using measurements from the manufacturer’s
brochure.

The size and location of the propeller will go some way towards governing the angle of the engine
(maximum angle 10 deg) and the size and location of the aperture. Next you need to figure out the
shaft line. This can be obtained using the simple plywood mock-up of the engine. This mock-up
should show the shaft line in relation to the engine and gear box and position of the engine feet. Itis
possible to buy an angled gearbox but, even though the engine remains level or near the level in the
hull, the gearbox will still have to be lined up with the shaft.

The pre-prepared profile mock-up can be arranged so that it is in the proper position relative to the
engine beds. Once the beds are installed, the profile can be used, in conjunction with a string line from
the centre of the drive shaft to a hole in the aperture to obtain the correct shaft line. In fibreglass boats,
once this shaft line is established, you can make a fibreglass shaft tube over a mandrel, with the cutlass
bearing in place, and glass the tube in to the boat making any final adjustments through the engine
mounts.

There are three types of aperture. One is where the aperture is cut out of the aft end of the keel. The
second is where there is a skeg and the aperture is cut out of the skeg or, better still, the propeller is just
in front of it and the third, and more desirable arrangement, is where the bottom of the keel is extended
in the form of a shoe (heel) which is used to take the lower rudder bearing. The first two types are
usually found on sailboats. The third is found on both sailboats and displacement hulled power boats.
Where the aperture is cut out of the back of the keel, it should be cut out so that it will provide room to
remove the propeller without having to remove the rudder and the shaft could be slightly offset so that
it can also be removed without removing the rudder. The aperture should be of sufficient depth to
allow at least 2" [50mm] propeller tip clearance both top and bottom. Once the aperture is cut then it
must be reconstructed from foam or timber and shaped to allow the fitting of the shaft tube with fluting
above and below the tube to facilitate a clean flow of water around the rudder and propeller.

This photo illustrates a typical
rudder and supporting heel. The
heel can be steel or steel or timber
encased in a heavy fibreglass
laminate, about the same weight of
glass is used on the bottom of the
keel. Note the nice touch by way of
the fancy fish on the top of the
rudder.




This method of attaching the
rudder stock to the stub that carries
the steering quadrant inside the
hull is one we borrowed from a
trawler builder. The method uses
keyed and welded flanges joined
with 4 to 6 stainless steel bolts
which are wired together to ensure
that they do not loosen in time. This
system makes for simple removal
and re-installation of the rudder
should that be necessary.

ROBERTS SAFETY SKEG
Back in the late 1960°s when we started to design boats with skegs they seems to be the answer to all
steering and handling problems sometimes associated with the long keel / rudder hung off the back of
the keel configuration. Alas time has proven that the skeg is one of the most vulnerable items of the
underwater area of your sailboat. One solution was the Roberts ‘Contemporary Long Keel” which has
proved to have most of the benefits of the skeg and none of the vulnerability of the normal skeg.
Amore recent development in combines the benefits of a skeg and long fin keel arrangement; this is
achieved by tying the aft end of the keel to bottom of the skeg by way of a bar or heel.

This is the new Voyager DS 440 hull featuring our answer to problems with skegs. Not only is the
skeg considerably strengthened but the propeller is protected from odd lines and kelp that can
cause problems at the most inopportune moments. This safety skeg arrangement will feature on
all new sailboat designs where the long fin / skeg and rudder combination is part of the design.
APERTURE IN SKEGS

Apertures in skegs have not been seen for many years and are best avoided. Much of the benefit of the
separate skeg is lost when a large area needs to be removed to fit the propeller and bearing. Either the
shaft should exit the hull ahead of the skeg or some alternate arrangement should be considered.



VETUS COMPLETE STERN ASSEMBLY

Thess shaft assemiblies profact the anviconmeant {ro greass in he wabern Remonit 4418 shoft material -
&% strargpar = srmalker shaft diarmetars, All shofts of @ 40, 45 ond S0mm ore always supplied with the
Tlengibe stuffing Do (53 with tarsion protection (6)

A VETUS propeller-shaft assembly consists of:

1 Topsrad, straightensad and poished stainlass B Flacdbke stuffing Dox with rubber sieeve for shoft
stall propeder shoft with keyway, threod, folrea- 25, 30, A5mm diometer.
tercop, lock woasher and key. & Flendble stufing boxe with rubbear sleswva and
U 2 Outer bearing twith incomporated rubber tarsian protection for shatt 40, 45, S0min
badarnng) sclderad o bronza stem uba. digrmatar
3 Mounting fangs for cuter baaring. 7 Propseder.

4 Mounting fange (Odjustabla) for sterm Tube

This is a Vetus stern tube-shaft-propeller combination. If you are able to use a matched set of
stern gear this will save you considerable time and expense in assembling this equipment from
separate sources.

In recent years, | have favoured the heel arrangement where the bottom of the keel is extended aft in
the form of a shoe to the location of the bottom of the rudder shaft, thus allowing for the propeller and
bearing. The shaft should then exit the keel at a location to give the propeller tips adequate clearance.
STERN TUBES

You may wish to fabricate your own fibreglass stern tube — if you know a bit about fibreglass, it is not
difficult and a fibreglass stern tube in a fibreglass boat is the obvious way to go. Study the illustrations
shown here and this will give you a good idea of how this can be accomplished or follow details given
in your plans.

SAILBOAT RUDDERS

The first step in making the rudder is to make a template of the shape using the measurements and
other information shown in your plans, plus some check measurements taken directly off your boat.
The pattern should allow for the top and bottom bearings and is best made from ¥ [6mm] hardboard
or plywood. The rudder stock should be made from 316 grade stainless steel and may be solid round
or heavy walled tube. Your plans should give you recommended sizes or you should consult a qualified
marine engineer. When welding the tangs to the stock, be very careful not to distort the stock by
applying too much heat in any one area so make sure the welding is undertaken in a progressive
manner to minimize the chance of distortion. The rudder core may be made of plywood, timber or



foam or a combination. Foam has the advantage that it is easy to shape and any water that may seep
between the fibreglass and steel shaft will no effect. When the core is in place, dress off the rudder to
its desired airfoil shape.

Lastly, you will install a heavy laminate of fibreglass to the entire rudder. It is important to achieve
a good seal where the fibreglass meets the steel shaft. Epoxy resin would give the best bond between
the fibreglass and the stainless steel although most rudders are still made using polyester and foam as
any water inside would have little effect.

MARKING OUT THE BULKHEADS

By now you should have your deck and cabin top camber pattern prepared. If you have not already
done this look at your plan and transfer the measurements for the deck widths, cabin lay-in, cabin
heights etc., on to the bulkheads. Mark out each bulkhead ready to receive the decks and cabin
structure.

It is a good idea to cut several temporary camber boards to be used as intermediate supports for the
cabin and deck during construction. As it is unlikely there will be enough bulkheads to support the
deck structure while you are moulding it in place or, bonding on a pre-laminated section, these camber
boards should be installed until the deck and cabin are complete. Temporarily fasten the camber
boards to the deck shelf and they will then either support the hardboard form work that makes up the
in-place mould, or the parts of the pre-laminated deck as mentioned above.

BUILDING THE DECK

There are a number of methods that you can look at to build your decks. You can use an in-place
hardboard mould, a purpose built female deck mould on which the deck is laid up in one piece or
sections, fibreglass sandwich panel moulded decks or straight plywood sheathed in fibreglass.
HARDBOARD IN-PLACE DECK MOULD

This method involves building a timber and hardboard mould on the hull and after the decks and cabin
are completed, the hardboard mould is removed in pieces from underneath. This method is well
proven and thousands of decks have been built thisway. Using the hardboard, you will finish with a
smooth interior but the outside will have to be finished. You must sand the exterior of the decks, cabin
and cabin top to achieve an acceptable finish. If you choose, it would be a simple matter to attach any
suitable fabric lining material to the smooth interior. Think of this option as a male moulded deck and
superstructure.

The camber boards or temporary deck beams are cut and installed at say 24" [610mm] centres by
nailing to the deck shelf. Next install sufficient longitudinal battens or deck stringers to support the
hardboard lining. Generally stringers should be about 9" [230mm] apart and these are checked into
the temporary camber boards. You can expect to use ¥ [6mm] hardboard or a similar material.
While we refer to hardboard in this text, you may be using a similar material such as melamine coated
plywood however, to avoid confusion, we will refer to the lining as hardboard. The whole structure of
camber boards and stringers should be set ¥ [6mm] or at a thickness equal to your lining material
below the upper surface of the deck shelf. This is so that the fibreglass laminate will run smoothly
from the hardboard lining material across the top of the deck shelf and go on either up the bulwark or
on to the exterior of the hull to form a “Coffee can” hull to deck join.

Nails should be kept to a minimum when fastening the hardboard to the framing for the in-place deck
mould. Any nail heads will show (unless covered with a lining material) on the finished laminate from
inside. Fasten the hardboard to the framing using contact glue.

The upper smooth face of the hardboard will provide the surface on to which you will laminate the
deck. Study the sketches shown here and your plans which should give you sufficient guidance for the
deck join and other features of fabricating your particular deck and cabin. You will note that there are
certain areas that the hardboard will not cover for a particular reason. It will only extend out to the
inboard edge of the deck shelf because as you laminate will go from the hardboard and bond on to the
top of the deck shelf.

After all of the hardboard sheeting is completely installed, remove any unevenness by placing bracing
under the formwork. Radius all edges and corners a minimum of 3/8" [LOmm] —these radii will need



to be fine sanded and coated, with two or three layers of polyurethane to make them non-stick for the
fibreglass laminate. This radius can usually be achieved through the careful application of resin putty
(bog) using a putty knife with a rounded end. Cabin top edges will have to be formed from an easy-to-
sand timber.

Once you are satisfied with the finish of the form work for your deck and superstructure, you should
then cover all the hardboard surfaces with four coats of non-silicone wax polish — consult your fibreglass
supplier for the correct material. Allow at least one hour drying time between each coat of wax. Pay
particular attention to the corners and joins. The areas to be waxed are those where you will later want
to remove the formwork such as the hardboard and any special shaping you have arranged for the
corners. When the final coat of wax has been applied and polished, you should then coat the entire
area to be laminated with a PVA release agent. Talk to your resin supplier about the supply and use of
this material.

Do not wax or cover with release agent those areas where you want the fibreglass resin to stick to the
surface. Areassuch as the top of the deck shelf, tops of bulkheads, the toe rail, the hull sides where
the laminate will be bonded to the hull, either outside or inside the bulwark, or any other area where
you want the fibreglass of the deck to be bonded to an area of the hull or elsewhere as noted.
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These sketches illustrate several areas of the temporary deck and superstructure mould and later
mouldings including several areas where the inner laminate come together and the use of core
material is not appropiate.



PLYWOOD PADS

Now is the time to consider where you are going to place any plywood inserts to allow for later through
bolting of the various fittings. The ply inserts should be the same thickness as the core material and the
fittings will include such items as chain plates, stanchion bases, windlass, bow fittings, cleats, sail
track, winches and mast step or where the mast will go through the deck in the case of a keel stepped
mast. The plywood pads may be only slightly larger in area than the base of the fitting concerned.
The idea is that the plywood will not crush, as might happen with foam or balsa, when the fitting is
through bolted and the bolts tightened. Although balsa core has excellent compressive strength, it is
not equal to the type of strains imposed by through bolting the fittings. At this stage, you can make up
all of the plywood inserts, mark their location, and identify each piece before they are put aside ready
for installation at the same time as the core material.

APPLYING THE DECK LAMINATE

The first job in fabricating the deck will be to install the inner laminate. The inner laminate will
consist of a varying number of layers of mat and roving. The number of layers will depend on the type
and size of your boat however the laminate should be clearly shown in your plans.

This drawing illustrates the various layers of the mould and deck and cabin structure, Note,
framing, battens, Masonite or plywood, inner fibreglass laminate, core material and finally the
outer fibreglass laminate. Some filler and considerable fairing and sanding will be required to
complete the job.

INSTALLING THE DECK CORE

Before installing the last of the mat, check over the laminate and carefully sand off any humps or
bumps. When you are satisfied with the evenness of the laminate installed so far, simultaneously
install the last one or two layers of the mat and the core material. The core material will usually be ¥2”
or % [12mm or 20mm]. The core material, usually end grain balsa or PVC foam comes in sheets that
are usually made up of small squares of material attached to a scrim cloth and in most areas you can
install complete sheets however, in some areas such as the cabin sides and cockpit you will need to cut
the sheets to fit. Itisagood ideato prepare one area at a time, say one third of the deck and cabin area
can be pre-fitted with the core sheets. These sheets should be numbered and laid out in an area



adjacent to where they will be placed and in a manner similar to which they will be applied to the deck
and cabin. It is necessary to work quickly when installing the core so everything should be well
prepared.

When installing the last layers of the Mat before the core is to be fitted make it a resin rich layer as
some resin will be absorbed by the core material. Next, lay the core sheet on the wet mat and apply
enough pressure to feel that the balsa is well bedded. The resin should squeeze up between the joins in
the blocks and where the sheets join. It may be necessary to use a system of weights to hold the core
in position. This should only really be necessary in difficult areas, such as where there is excessive
camber or where you are installing the core where it will not lay smoothly in position. Itisagood idea
to use plastic sheeting under any weights, so that the weights do not get glued to the core surface. You
may want to look at using “Vacuum Bagging” to install the deck core — see later chapter.

Once the core is installed and the resin has cured so that the core stays in place, then fill any gaps with
resin putty and seal the top of the core with two coats of resin. You can then lightly sand the surface to
remove any rough edges and other irregularities before proceeding. If necessary, you may also use a
resin putty screed to smooth out the surface however do not overdo this as you may impede the bond
between the core and the outer layers of the laminate — your materials supplier should be able to advise
you at this stage. The more attention you pay to achieving a smooth surface to the core the easier it
will be to end with a smooth outer and final surface finish to your deck and cabin. Some designs may
suggest solid glass cabin sides, cockpit sides and coamings but stick with the core material, if possible.
On some occasions you may be required to apply the core to near vertical surfaces. Depending upon
what material you are using the answer to this problem and any others should be in the manufacturer’s
brochure or available from your supplier.

Once the core is in place and dressed off to your satisfaction, it is time to install the final outer deck
and cabin laminate. Use the same techniques here as suggested for laminating a male moulded hull.
There is no point in installing more laminate than your plans specify. You will do more harm than
good if you put in extra layers causing excessive weight in the wrong place. This will be your last
opportunity to even out your laminate and make life easy when you come to the final finishing of your
decks and superstructure.  Once you have installed the outer laminates then it is time to consider
finishing the surface using similar techniques to those explained in the chapter on building male moulded
hulls.

DECK TO HULL JOINS

When considering the deck to hull join there are three possibilities that we have available - chemical,
secondary and mechanical bonding. It is common to use at least two, chemical and mechanical or
secondary and mechanical however secondary bonding on its own is the most common and is usually
sufficient.

The chemical bond is where the deck is bonded to the fibreglass of the hull structure whilst they are
both in a “green” state but this is difficult to achieve as one would have cured before a chemical bond
is possible. If too much time has elapsed between the lamination of the hull and the installation of the
deck, you will not achieve a true chemical bond. Secondary bonding is more common where the two
surfaces have been sanded and cleaned in preparation for the join — if necessary, read again the earlier
text on “Secondary Bonding” before you go further. We have made test panels to simulate a secondary
bonding and in destruction tests, the laminate has usually failed elsewhere before it failed at the join.

Add to this a mechanical join, which is achieved when the toe rail is bolted through the hull and deck
laminates where they meet at the sheer or where the rubbing strip is bolted through the deck laminate
which has been brought over the edge of the hull. Another join can be made when bolting the rubbing
strip through the deck shelf and any inner bonding that joins the underside of the deck to hull. So now
we have the possibility of bolting both vertically and horizontally!

LAID TEAK DECKS
It is possible to install a teak deck on top of the fibreglass deck but this means screwing into the
fibreglass laminate and possible leaks, at a later date. Keep the thickness of the teak down to say 3/8"



[LOmm] and install the teak planks using a marine polysulphide or epoxy. The grooves or spaces
between the planks should be filled with polysulphide. There are specialists who do this type of work
and so it may be worth while employing the expert for his experience and specialised knowledge.

Here we see
how laid deck
planks are
nibbed into the
centreline king
plank. See text
for more
details. Photo
by permission
of Rob McGill
and Nina
Morissette.

SEE MORE
INCHAPTER
7 ON TREAK
DECKS.

A teak deck does
provide a great finish
to any boat.
Fortunately there are
now composite non-
timber ‘look alike’
teak decking
materials available
which allow to have
a simulated teak
deck without all the
associated problems
of the real thing.

NON-SKID DECK FINISHES

All horizontal surfaces and anywhere where a person might place a foot should be finished with non-
skid. This can be achieved using either a prepared deck paint which incorporates pumice or other non-
skid material, or by applying fine clean sand in the last two coats of the outer surface paint. Washed,
coarse beach sand is probably the most effective and can be sprinkled on to the deck through a stocking
or atin with holes punched in the top. The sand is applied to the penultimate coat and areas around the
cabin, hatches, winches and coamings should be masked so that you have a clear area when applying
the final coat. Another method is to apply one of the synthetic or cork based non-skid materials which
are sold in sheet form and are cut, fitted and glued to your decks.



No matter what method you use to create a non-skid surface, make sure you arrange the non-skid
material in such a way as to provide small sections, strips or panels of smoothly finished deck around
the edges of the sheer, around the inner surface of the decks where they meet the bottom edges of the
cabin sides. There should be a small smooth strip around all hatch coamings and areas where fittings
are to be installed. Check out other boats, you can obtain many ideas from the boats you see in the
local marinas.

Before you finish your decks, you should consider your hatches. If you are going to fit commercially
made hatches, do not cut the hatchways in your deck until you have the items on hand and can make
accurate templates or take proper measurements off the hatches themselves and leave a clear strip
around the hatch.
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There are several different composite materials available in a variety of materials that have been
specially formulated for use as non-skid deck covering. The diamond tread material shown is a
popular choice.

REMOVING THE MOULDING MATERIALS

Once the decks and superstructure are complete, it is time to remove the inner timber and hardboard
formwork. First, carefully remove all the timber camber boards and supports and the longitudinal
stringers — a lot of this material may be useful in framing the furniture so save what you can. You will
find some longitudinal stringers and pieces of hardboard locked into the structure by the bulkheads, so
very carefully saw or cut through on either side leaving the small piece intact above the bulkhead. You
could use a very sharp knife or a saw set to a very fine depth to cut along the edge where the hardboard
will be later covered with a trim strip or bonding. Some glue can be added, if necessary, to fix this
remaining piece in position or, leave it to be covered with resin putty before finally bonding the bulkheads.
BONDING THE BULKHEADS

After you have removed all the form work it is time to consider the bonding of the bulkheads to the
under side of the deck, cabin sides and top. If you are not going to cover the bulkhead, you may want
to mask them off parallel to the areas where the bonding is to take place, and trim the glass as it cures,
otherwise the bonding will have an untidy edge. Normally the bonding will extend three or four inches



[75mm to 200mm] on to the bulkhead and to the deck or cabin side or top. Make sure you thoroughly
sand and clean the areas where a residue of wax or release agent would inhibit the bonding.

Once the inner bonding has been completed, you have basically finished the building of your decks
and superstructure. You should now look at forming the furniture and consider what type of lining
material, if any, you will use to finish the interior. There are many attractive and serviceable types of
lining for fibreglass boats. Some builders like to use a short pile carpet that is glued to the interior, or
you may choose one of the foam backed vinyl materials or, go the traditional route and install timber
lining — tongue and groove timber looks good and is relatively easy to fit and, last but not least, a
simple gelcoat and paint finish looks good. Too much timber trim in a boat can make it excessively
dark below. Inthe areas where the bonding between the hull and the bulkheads and between the under
side of the deck head has been done, you may want to install a timber trim strip to cover the join.
While you have been planning and building your boat, you should spend some time looking at other
boats for ideas. Pay particular attention to the various fitting out and finishing techniques.
SANDWICH DECKS AND CABIN
For sandwich decks, the choice of core material is either PVC foam or end grain balsa. Check with
your suppliers for the best material to use. There are now some PV C foams that are suitable for decking.
The thickness of the core and the laminate requirements should be specified in your plans. Your plans
should also clearly show if any supporting beams and girders are required. Awell-engineered sandwich
cored deck should not require extra beams —the strength is in the sandwich and the supporting bulkheads.
Boats over 40 feet [15 metres] may require some reinforcing in the deck especially if built to survey.
MASTER DECK MOULD
Your first job should be to cut the master camber board; sometimes your full size patterns will include
this otherwise, you will need to draw out the camber from measurements. You should make up a full
width plywood or timber camber pattern. By using a wide plank, which can be edge laminated to a
suitable width, you can make both male and female patterns with the one saw cut.

Next job is to build the master deck mould. This mould will serve to mould for all the deck and cabin
top panels and even curved cabin fronts can be laminated on this mould. Make the mould wide
enough to fit the widest section of the deck or cabin on your boat. This may be the aft deck, poop deck
or perhaps the cabin top. On sailboats and on some power boats, the camber is often greater for the
cabin tops than the deck, however for a power boat with a flying bridge, it is best if the standard deck
camber is used for all purposes. The reason for this is you do not want a heavily cambered deck in the
flybridge area.

The length of the master deck mould should be a few inches longer than the longest panel required
but, as panels can be joined, 16 feet [4.9 metres] long is sufficient for most boats up to about 65 feet or
[20 metres]. Build the deck mould without sheer (fore and aft camber) as when first moulded, the deck
panels will be flexible enough to bend to the shape of the hull.

Build the master deck mould using similar techniques to those used to build the hull mould. Setup
the structure on bedlogs and build the mould with the camber in reverse. Use the female camber
boards as the frames and install battens to receive the mould lining. Waxed hardboard will serve well
as the mould lining. Attach the mould lining with contact cement and nail only where necessary. Any
nails will show up in your finished moulding so try to avoid excessive nailing although most areas will
have to have non-skid applied so this is not a major problem. Prepare the mould by waxing with non-
silicon wax and, if necessary, apply release agent. Tests can be made to see how well the mould releases.

Place temporary beams across the hull in the areas where the deck moulding may need to be supported
— these mouldings should almost be self-supporting straight out of the mould. Supporting beams
should be inside the deck shelf so the pre-laminated deck part can sit flush on the shelf. Make a pattern
of the section of the deck you are going to laminate and transfer it to the mould. To make the pattern,
you can use strips of plywood stapled together to get the approximate shape and then use a spiling
block to obtain the exact shape marked on to the pattern or, trim the moulding once itisin place. Use
masking tape, to outline the shape on the deck mould.



Itis probably better not to use gelcoat as you will have to paint and apply the non-skid after moulding
and joining the parts. Itis possible to apply a non-skid pattern to the mould surface however this can
be tricky and should not be attempted without experience also, you will later be bonding the deck in
place and would probably spoil the effect of the mould-in pattern. Use a similar laminating technique
to that used for the hull, no more than two layers per day or whatever the manufacturer recommends
for the particular resin that you are using, otherwise the deck piece may distort and pre-release from the
mould. It is important to remove the deck part from the mould as soon as it can be handled. This
means that it will be “green” and can take up the sheer, if any, of the hull. Therefore, make sure the
centre of the panel is well supported, camber boards set right across the hull at every 3 feet [1 metre]
apart should be sufficient. Check after you install the first piece.

Any deck beams, girders or special stiffening called for in your plans should be laminated on to the
panel while itis still in the mould. Allow for the deck shelf when installing beams as they should be
shortened by the width of the shelf. 1f you want to use interior gelcoat, then should be applied to the
deck panel while itis still on the mould. Keep the gelcoat away from the edges where it will later be
bonded to the deck shelf. Keep any cored material stepped back from the edge to allow the inner and
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This illustration of the master female deck mould shows the fore-deck outline marked on the
mould ready for applying the fibreglass laminate.



outer layers of laminate to join by way of a tapered edge of the core as shown in the drawings. Side
decks can usually be laid up flat on a piece of hardboard on the ground or on a bench. You will be
surprised how quickly you can make the deck and cabin with this method.

FEMALE MOULDED AND PANEL DECKS AND SUPERSTRUCTURES

If you can build a female mould for the cabin and cockpit you can save a lot of finishing work. This
avoids much of the sanding, which is required to obtain a satisfactory finish on male moulded decks
and cabin structures. If you are building a boat under 33 feet [10 metres], you may want to consider
making a female deck mould that incorporates the deck and superstructure in one piece. This mould
would be female in form and would give you a smooth outer surface. The inner mould surface should
be covered with a lining material similar to that used for the male moulded methods. Another choice
is to build female moulds for the cabin, cockpit and other shaped parts and make the decks as flat
panels. These simple moulds are reasonably basic and easy to build using cheap pine and lining with
awaxed hardboard.

Single skin decks are not usual on pleasure boats but common on workboats of over 45 feet [13
metres] where a heavyweight system of beams and girders is required to take the extreme loads of
fishing gear and deck equipment.

BONDING THE DECK

All deck sections and panels should be bonded from the inside and outside. Your plans will should
show how many layers this should be and how you should taper the laminate towards the edges to
allow for this, when laying up the panels. This will help in avoiding ugly bulges where the deck has
been joined. Remember to sand off any residue of wax before attempting to bond the sections. When
joining the panels and bonding the deck to the hull it is useful to have a piece of plywood on which the
fibreglass can be saturated in a down-hand horizontal position then it can be, carefully, picked up and
put in place ready for rolling. This avoids trying to apply resin in a vertical or, worse, an upside down
position.

CABIN SIDES

Lay up the cabin sides on a single flat hardboard table or similar mould surface. A flat mould can
produce many and varied panels for use in the superstructure and elsewhere. The cabin sides can be
solid glass or cored sandwich and the procedure is the same as for the decks and cabin tops.
BULWARK STIFFENERS

If you have bulwarks on your boat and they are single skin, then you should think about some stiffeners.
These stiffeners can be very attractive and give your boat a “Little Ship” appearance. They should be
solid fibreglass and the top of the stiffeners should be at least as wide as the cap rail. They should be
made so that the water can drain and disperse through the scuppers.

HULL DECK JOINS

If you are using the “coffee can” join where the deck laminate is continued over the hull sheer down a
few inches on to the hull, then you will need to mask off the hull below the line where the overlap
bonding will end. Sand the area of the hull above this line so you will have a good key for the
overlapping bonding. As the bonding proceeds make sure you trim each layer cleanly along the top of
the tape on the hull side. This will create a fair line with a clean edge that can be covered by your
rubbing strip or moulding.

When you are moulding the various sections of deck, it is a good idea to join these on the top of a
bulkhead as the top of these bulkheads can be thickened with suitable timber flanges.

Once you get used to the “Ezi-build” methods, you will find many ways to use the methods we have
briefly outlined here. Using panel construction combined with inexpensive moulds, will allow you to
build just about anything, easily and quickly. There is nothing new in the methods we have described,
just the re-introduction and rearrangement of a few techniques we have been using for many years.

These methods described in this book are best used for one off boats or where a limited number only
are to be produced. If you are intending to build more than 5 fibreglass boats of the same design, then
you should consider building timber plugs and “taking off’ fibreglass moulds which would be capable



of producing any number of hulls and decks. Nowadays, these plugs can be produced through computer
modelling which is known by such names as CNC Pattern Making or CNC Milling and which is quick,
accurate and painless except to the pocket!

PRODUCTION MOULDS

As mentioned, if you are planning to build a number of hulls, you may want to consider a full production
mould. The usual method is to build a plug and, from this, make a mould capable of withstanding long
and frequent use. The plug can be made of timber in a similar manner to building a one off timber and
batten mould. Cover the exterior with three or more layers of plywood and then sand and paint. The
plug must be perfect on the outside, but underneath the construction can be rough and ready as the plug
only has to last until the mould is completed.

The mould is laid up over the plug. First, a parting agent such as wax or PVVC release agent or a
combination is applied to the plug. Next, a coat of tooling gelcoat and then the laminate is gradually
built up to a thickness that will make the mould strong enough to last as long as required. The outside
is fitted with foam and glass ribs to stiffen the structure. Finally, plywood and timber, or sometimes,
steel is bonded to the mould to allow it to be tilted or set on a cradle when in use. Remove the mould
from the plug and, if everything goes according to plan, the mould with some final interior finishing is
eady for use.

Note the reinforcing on
this fibreglass mould.
Remember that some
hull shapes will demand
that you use a split
mould.

This hull was laid up in the
mould pictured. Note the
moulded rubbing strake,
this alone would demand
that a split mould be
required.

Deck moulds are built ina similar manner. First, a plug is constructed from plywood, chip board or
whatever will do the job, then a mould is taken off in a similar manner to the laminating of the hull
mould. Give some thought to the hull to deck join which is usually in the form of a flange or overlap.
Sometimes, the join is designed to be made under the top of the toe rail. A coffee can join is where the
deck overlaps the hull in the manner of the older types of coffee can lids.



If your budget allows, these plugs can be produced through CNC computer modelling which, as
already stated, is first class but expensive and can only be justified if you are going to make a certain
number of boats.

Fibreglass is only one of several materials you can use to build a boat however it is one of the most
versatile and easiest for a person without previous experience to use. | have seen many, indeed hundreds,
of beautifully built one off fibreglass boats. Unfortunately, | have seen a few, fortunately, a very few,
horrible examples but this applies to any material. Please work towards making every stage one that
you can be proud of. This way, you can be assured that the result will have a top resale value and will
bring you, the builder, considerable enjoyment and profit.

VACUUM BAGGING

It is quite possible to vacuum bag polyester/glass laminates, but there are a few things that you must
look at to determine if it’s practical for your application. The vacuum bag process brings atmospheric
pressure to bear evenly on the curing laminate but applies no load to the mould so that excess resin is
squeezed out and, usually, soaked up in a disposable outer wrap. This technique requires a vacuum
bag and a vacuum pump capable of pulling a significant vacuum (at least 25 inches of mercury), and
various accessories and supplies. You should allow for the cost of the vacuum bagging equipment,
materials (pre-release film, peel ply, breather, vacuum bags, mastic tape, vacuum pump etc.,) and extra
labour as you will have to finish a complete layer, or two, before the bagging can be applied. This
means that you will have to be using a slow cure, low exotherm resin. To offset this added cost, with the
correct vacuum, you will gain the advantages of a near perfect resin/glass ratio and have any fumes
extracted from the laminate and ejected via the vacuum pump. Until now vacuum bagging has been
mostly restricted to commercial use and a few enterprising owner builders.

Vacuum bagging epoxy laminates is more common as the cure is slower and the strength/weight
ratio, usually, more critical. With polyester/glass laminates, it is more usual to use vacuum bagging on
the core (dry bagging) rather than on a solid fibreglass laminate. Vacuum bagging allows cores to be
bonded in place with minimal amounts of adhesive. When you compress fibreglass under vacuum, you
can loose up to 30% of the thickness, which will greatly decrease the stiffness so coring the laminate
may be the only way to go. Your materials suppliers should be able to supply most of the equipment
and advice that you will need for vacuum bagging or tell you where to get it and, possibly, advise
where you can see the technique in operation.

BULKHEADS

At this stage your bulkheads should be installed and standing square above the sheer. The first thing is
to mark out the width of the side decks and, to accomplish this, it helps to mark the camber right across
the boat from sheer to sheer - this way you will get an even camber. Later you will mark the amount
of the cabin side lay-in and the height and camber of the cabin.

Now is a good time to check the headroom. Do not be tempted to increase the headroom without
checking with the designer. Aninch or two [25 to 50 mm] of extra headroom may spoil the line of the
boat whereas it may be possible to lower the sole before raising the cabin.

If you find you need more headroom it should be done in increments, partly by lowering the sole, partly
by raising the freeboard of the hull and partly by increasing the height of the cabin sides so talk to the
designer as it is his job to consider all aspects of changing any design especially where the changes may
affect the stability of the boat.

Next mark out the cabin top camber and the lay-in of the cabin sides and you now have a sectional
view of the side decks and cabin structure. Note: the cabin top camber is usually greater than the
camber used for the decks as too much deck camber may lead to more problems than having too little.
You could find that you may not be able to work on the decks or cabin top in any sort of a seaway
without the possibility of sliding overboard.

CAMBER PATTERNS

Any camber is part of a large circle. For decks, a camber of 3% of the boats beam is normal. For cabin
tops, 5% of the width of the cabin top is the maximum recommended. Cambers have reduced in recent
years as modern methods, materials and higher freeboard makes it unnecessary to have the larger



cambers that were fashionable in the past. For power boats fitted with a flybridge, the cabin top
camber should have a maximum of 2% .

INTERIOR JOINERY

Once you have installed the bulkheads and the sole, the techniques used to fit out the interior of a steel,
fibreglass or timber boat are all very similar. A considerable amount of the joinery is attached to the
bulkheads and the sole but where the joinery is attached to the hull, you must make special provision
for this attachment depending on the hull material. Fibreglass is probably the easiest as it can be
bonded almost anywhere, steel and timber need purpose grounds put in place to take the furniture.

Making a cardboard
‘mock-up’ of parts of
the interior joinery isan
excellent way to see how
various items will work
out in practice. The
chart table shown here
that is located ahead of
the bunk-head, is a
typical example of how
to test out your
accommodation
arrangements.

SUGGESTED JOINERY DIMENSIONS

The dimensions of the human frame have changed considerably over the past years so we have to
adjust accordingly. When I first started to build and later design boats, a berth with an overall length
of 6’2" [1.88m] was considered adequate. Today, the same berth would be expected to measure
around 6’6" [1.98m]. Here are a few measurements that | would consider relevant today.

Single berths should be 6’6" [1.98m] or minimum of 6’4" [1.93m] long and 2’6" [7620mm] wide.
The width may be narrower at the extreme head and foot. The main width requirement is at the
shoulders. Double berths should be 4’6" [1.37m] wide although two friends can manage with 4’3"
[1.29m]. Most people will be familiar with the various measurements of Queen and King size beds
and today | am often called upon to include these large size berths, especially when preparing plans for
power cruisers. Queen size berths are usually 5’0" [1.52m] wide and 6’6" [1.98m] long. The space
between upper and lower berths should be 21" [533mm], seats should be 18" [457mm] wide and
between 12" and 18" [305 and 457mm] from the sole. The higher the seat, the less foot room is
required. Seats require 3’6" [1.07m] headroom and 24" [610mm] frontage for comfort. If seats face
each other, then 30" [762mm] foot room, although this is sometimes difficult to obtain in small boats.
More time is spent sitting than standing so seating comfort requires a fair amount of consideration.

Clothes lockers should be at least 16" [406mm] in width or depth with a height of 40" [1.016m]. Ice
boxes should be as large as the space available permits and have a minimum lining of 3" [75mm] of
insulation. Awell-builtice box is a creditable alternative to a freezer. The minimum size for a sink
is 10" x 10" x 6" but larger is preferable. The sink should have at least 15" clear space above. Deep



sinks are to be preferred especially in a sailboat as the heeling can considerably reduce the working
depth. Ifyou are going to be sailing with your female mate, please ask her advice about laying out the
galley. The standard height for tables is 28" [711mm] above the sole or 12" [305mm] above the top
of the seats. 24" x 18" [610 x 457 mm)] of table space is required for each person.

Galley work benches and sinks should be at least 15" to 18" [380 to 457 mm] wide and 36" [914mm]
above the sole. Drawers should be no more than 9" [228mm] deep and the maximum dimensions
should not be more than 30" x 20" x 9" [762 x 508 x 228 mm]. If the drawers are narrow, say 8"
[203mm], then the depth may be increased to 15" [380mm]. Try not to make drawers too big as they
can be unmanageable at sea. Make sure you include safety catches or special slide arrangements so
the drawers stay closed in rough weather. The maximum pitch for ladders should not exceed 60
degrees and long ladders should rise 7" to 9" [178 to 228 mm] per step and each step or tread should be
at least 7" to 10" [178 to 225 mm] deep. Hatches should be a minimum of 18" x 18" for ventilation
and emergency use. All the heights given assume you have standing headroom in your cabin.
SAVING CASH
Try and think of ways you can save money on your fitting out programme. For instance, the mould
from your fibreglass hull should supply some timber that can be reused for framing up interior joinery.
If you plan ahead, you can use certain size timbers for the mould and setting up that can be either re
sawn or used as they are for another purpose at a later stage.

Tongue and groove flooring can be a very inexpensive and rewarding fitting out timber. Second
hand timber can also be very useful. In my own early days of boatbuilding, we used to build all the
fibreglass male moulds out of reclaimed house timber. Some recycled timber is better quality than you
could possibly find as new stock in your local timber yard today.

For the construction of the saloon table, we would recommend the use of two sets of stainless steel or
aluminium tubes sized so one fits inside the other. The larger tube has a thumb screw fitted to position
the height of the table as required. Alternatively the table can be hung from a bulkhead leaving the
sole space clear. With a reasonable amount of planning, a table of this type can yield as much useful
space as a fixed table and, possibly, double as a cockpit table.

UPHOLSTERY

The bunk and settee cushions can easily be made at home with the use of a modern sewing machine or,
they can be purchased from your local tent or bedding supplier. There are big savings to be made with
a bit of shopping around for mattresses and cushion material and coverings and curtains.

LINING MATERIALS

If you intend to display all the interior hull surfaces, whatever building material, there will be a lot of
extra work making them presentable so, interior lining is worth some thought. There are a wide
variety of lining materials used to cover a basic fibreglass or steel hull. Quite often a wooden hull is
deliberately left on display with dramatic effect. Lining materials can include vinyl, foam backed
carpet, heavy cloth or timbers such as tongue and groove or pre-surfaced plywood veneer. | have seen
ceramic tiles used to good effect in galley and stove areas, especially in traditional boats. Depending
on what finish you use, you can often run your wiring and plumbing behind the lining.

Around the edge of the lining, trim strips or quad or other cover strips, including plastic, can be used
to hide any joints and, in fact, the cover strips can be a feature in themselves. A vinyl, Laminex or
Formica backed deck head with teak cover strips can be most attractive and relatively easy to fit.
There are materials especially designed for these jobs and these can usually be found at your marine
store or marine upholsterer.

Some vinyl materials give a really professional finish and are relatively easy to apply.

These materials are made from expanded PVVC and are available with an inlaid or printed pattern. This
type of material is fully flexible and has a closed cell structure, particularly suitable for lining the
interiors of boats. These specialised lining materials fit easily around corners and projections and can
be bonded to almost any surface. It is usual to leave the lining installation until the boat is almost
completed. Thisallows you to install any last minute, plumbing and electrical wiring without disturbing
your finishing materials.



This attractive deck head lining arrangement of vinyl covered panels set between timber beams
makes an attractive cabin or pilot house top finish in this area. The individual panels can be
removed for inspection of wiring etc.

This attractive layout graces part of the interior of a beautifully built Roberts 532. The joinery
and upholstery in this boat is to the highest standard possible and a credit to the builder.



READY MADE JOINERY

Ready made interior joinery such as pin rails, shelves, locker doors, drawer fronts, handrails, special
timber mouldings, etc., usually in teak, can be purchased ready-made from specialist timber outlets or
importers and are a great time saver and make economic sense. These items are not cheap, but will
give your boat a professional finish, which may pay handsome dividends when you sell at some future
dates.

Some builders go to the trouble of making wooden patterns for casting cleats, ports and other hardware
at a foundry but, unless this is for a particular reason/hobby, it is usually cheaper and quicker to buy
from the vast ready made selection of castings available these days from your local chandlers.

Unfortunately, space restrictions do not allow me to cover the fitting out with the amount of detail
that the subject requires. Ata later stage, | hope to devote an entire book to the subject. Until then, you
can find several alternate publications that will be of great assistance in this area.

Finally, avoid using your boat before the fitting out is complete. It isalmost impossible to use a boat
and complete the interior simultaneously. If, for some reason, you can’t avoid launching the boat
before it is finished, then make sure you fit out one area completely before starting another. Take your
time with the fitting out process. You will never regret it.

OTHER CONSIDERATIONS

During the fitting out, there will be many things to consider in an orderly fashion, such as fire fighting
equipment, drainage of bilge water to collection points, bilge pumping systems, ventilation, electrical
installation, plumbing etc. many of these items may be covered in your plans or are subjects of complete
books in their own right and are generally too complex to be covered here. Read everything on the

subject that you can get your hands on.



ABOVE:

Sea Goat out on a day where there is not much
wind, as Adam Szczurowski wote “Here are
some photos of us on a typical family outing™.

LEFTAND BELOW:

Adam Szczurowski designed and made the fold-
ing swim platform and davits for his fiberglass
Spray 36 SEA GOAT. You will see other photos
of Adam and Barbara Szczurowski’'s boat else-
where, especially in Chapter 19



CHAPTER 9.
Building in METAL

There are two main ways to build a metal boat see below:
1. Custom build / Build from scratch
2. Build from a pre-cut KIT or Cutting files.

Below I will explain the difference between the above two methods. You can NOT build a boat
from a KIT or a set of cutting files for a boat that is designed to be build from scratch. You can
NOT build from scratch a boat that was designed to be CNC cut and built from either cutting files
or a KIT. Not withstanding the above, it is possible to have us draw plans or provide kits and or

cutting files for scratch build boats but this is more expensive than choosing an existing kit boat.

BUILDING FROM SCRATCH:

Many thousands of owners have built their metal boats from scratch. These determined individuals have selected a
design, purchased plans and basic materials, and built their own hulls, decks, and superstructures. Depending on the
size of your boat, and whether you are building part-time or full-time, this process will take longer but cost a little less
than starting with a kit. If you feel you would like to build from the ground up, don’t be put off by the size of the
project, but keep in mind that you should never build more boat than you need. Choose a design that has been especially
drawn for the less-experienced builder; some designers, including ourselves, provide full-size patterns for the frames
and other parts of the hull structure.

One Roberts 53 steel sailboat, including the hull, deck, and superstructure, was built and equipped ready for sailing
by one Australian man and an occasional helper in the unbelievable time of 10 months. We have to assume that this
person purchased many items readymade. Another builder of the same design took 10 years part-time, but he made
everything himself, including the sails. This tenacious builder even made patterns for his cast winches, and then
finished them himself. Photographs taken while he was sailing his 53-foot (16.15 m) boat off the Australian coast
show a happy couple enjoying their boat and cruising far from home. In fact, this builder then completed a
circumnavigation of the world and before returning home to Germany.

In our records there are hundreds of letters from builders who fall between these two extremes. There have been
many attempts by others and us to try and calculate building times for individual boats. In most cases this has proven
a futile exercise. Factors such as starting from scratch versus buying a kit, cutting files, or a ready-built hull; the
amount of help available from your partner and friends; how many hours a week you can devote to the project; and just
how badly you want to get the job done all play a part in how long it will take you to complete the project.

STARTING FROM AKIT:

It is now possible to purchase a kit of parts that have been precut from plate. Your job then is to assemble them into a
hull, deck, and superstructure. Some designers (including this one) have the ability to prepare a special computer disk
with the parts “nested” to allow more economical cutting. It’s necessary, of course, for the company producing the kit
to have the automatic, computerized cutting devices. This service costs more, but if you can afford it, you will find
this a practical and perhaps even economical way of getting your project off to a quick start. Recent cost comparisions
have established that building from a precut kit or cutting files does not involve additional costs when considering all
the aspects of assembling your hull deck and superstructure (often referred to as the shell).

You alone can tell if the additional initial cost is justified; discuss these matters with the designer and with the
company supplying the kit or cutting files. The best of these precut kits are cut from shotblasted and primed steel that
has been coated with a specially formulated weld primer. This coating doesn’t give off fumes when you’re welding.
Another benefit of the weld primer is that there is little cleanup after welding; all you need to do is lightly grind the
welds and then touch up the primer by hand in these areas. One thing is for sure: you’ll save a great deal of money, and
end up with a boat that you are totally familiar with and can then easily maintain. If you plan any extensive cruising,
it’s imperative that you be familiar with every aspect of your vessel. What better way to learn about your boat than to
work on the construction? After studying all of the options, you can personally select all the equipment you need to
complete your vessel.

YOUR CHOICE: OK the choice is yours! See design chapters 13 +



HISTORY

Metal boats have a long and distinguished her-
itage stretching back 200 years. The first re-
corded instance of a small metal boat was a 12-
foot (3.66 m) iron hull built on the banks of the
River Fosse, in England, in 1777. Ten years later,
the next known example, a 70-foot (21.33 m) iron
canal boat, was built using %-inch (13 mm) riv-
eted plates laid over a timber frame. In 1818, the
first all-metal commercial boat was built in Scot-
land. The Vulcan was 63 feet (19.20 m) in length
overall (LOA) and had a beam of 13 feet (3.96 m).
This boat, with its flat-bar frames and riveted
iron plates, was the forerunner of hundreds of
boats and ships built using similar techniques.
As suitable timber for boatbuilding became
increasingly hard to find, designers and ship-
builders turned to metal. In 1834, a violent storm
drove hundreds of wooden boats and ships ashore
in England, marking a milestone for metal boats.
Most of the boats were totally destroyed, but one
exception was the 125-foot (38.10 m) all-metal
Gary Owen. After being driven ashore, this boat
was able to withstand the severe pounding until
the storm subsided. It did not go unnoticed that
the Gary Owen suffered only a few scrapes and
scratches, and that she returned to port under her
own power. Another boost for metal ships oc-
curred when the first all-metal liner, Great
Britain, came to grief on the Irish coast and was
later floated off to resume active service. The
Great Britain went on to have a long and success-

ful career and the restored vessel is now on per-
manent display in Bristol Harbor in England.
These incidents did much to popularize all-metal
vessels, so that gradual acceptance turned into a
flood of orders for builders of metal ships.

Shipowners soon found that metal ships
were more resistant to the stresses of the sea in all
weathers, and better able to keep schedules.
Many wooden ships had been lost with all hands
because some of the fastenings let go under ex-
treme weather conditions. Shipowners found that
although fire can occur in boats and ships con-
structed out of any material, metal vessels are bet-
ter able to stay afloat, giving the crew more time
to control the fire. As early as 1853, a survey of
sailing ships operating in the Far East trade re-
vealed that to build and operate metal ships cost
as little as 80 percent of the cost of wooden ones.
Comparing equal-sized vessels, it was proved that
metal ships, because of their greater interior vol-
ume, smaller frames, etc., were able to carry as
much as 25 percent more cargo than otherwise
identical wooden vessels. The published results of
this extensive survey gave a great boost to metal
shipbuilding, and no doubt helped Great Britain
become the largest builder of commercial ship-
ping until World War II.

In 1858, the all-metal Great Eastern was built
in the UK at the time it was the world’s largest
ship—700 feet (213 m) long with a beam of 85
feet (25.91 m). In a world where trade was in-
creasing at a great rate, this proved that there was
virtually no limit to the size of ship that could be



built using metal. It’s interest-
ing to compare this early metal
ship with the longest wooden
ship ever built, the Dunderberg,
which was a mere 377 feet
(114.91 m) long.

METAL SHIPS

Steel

Up to the early 1860s, all metal
ships were built of wrought
iron, but thereafter a new ma-
terial became available: steel.
Steel was lighter than iron, but
this new wonder material had
one major drawback: it cost
four times as much as the iron
it would soon replace. Econ-
omy of scale soon prevailed,
however, and steel became af-
fordable. That, together with
the fact that it was available in
large sheets, soon established
steel as the premium shipbuild-
ing material. The giant liners
of the past were built from

/

steel, including the France,
which was 1,035 feet (315 m)
long and displaced over 70,000
tons. The liner United States holds the fastest pas-
sage time for a North Atlantic passenger ship,
having made the trip between Europe and North
America in only 3 days and 10 hours, averaging
35.59 knots for the crossing. High-speed ferries
and other similar vessels are challenging this
record. More recently, a large number of new gi-
ant liners entering the charter trade have
spawned a great revival of steel shipbuilding.

Steel warships and oil tankers dwarf the fa-
mous passenger ships of the past. The aircraft
carrier USS Nimitz displaces 95,000 tons, and the
oil tanker Seawise Giant, which is 1,504 feet
(458.52 m) long and 225 feet (68.58 m) wide,
weighs in at 564,763 tons.

While this revolution in building large ships

This steel Spray 40, Mirounga, was built in Cermany by Ulrich Kronberg.

moved almost all construction of commercial
shipping out of the timber era and into steel,
small boats continued to be built of wood, except
in Europe—and there, mainly in the Nether-
lands.

"This situation prevailed until the early 1960s
when the advent of fiberglass changed the plea-

sure-boat scene forever.

Aluminum (or Aluminium)

This metal is refined from the natural material
bauxite. Although it was discovered early in the
nineteenth century, it was not until 1886 that the
first practical refining methods were developed in
France. As early as 1894, an aluminum alloy was



The Tom Thumb 26 is ideal for building in steel or aluminum. It would make a great first project for the novice
metal boat builder.

used in Switzerland to build the power yacht A/u-
mina for Prince Wilhelm zu Wied.

The designers of the liner United States
made extensive use of this metal, saving over
27,000 tons compared to a similar-sized all-steel
vessel. Today, aluminum is used to build sailboats
and power yachts of all sizes. This material is es-
pecially useful where weight saving is the most
important factor.

Copper-Nickel

In electro-chemical terms, copper is one of the
most noble metals in common use. It has excel-
lent resistance to corrosion in the atmosphere
and in salt water. The British Royal Navy intro-
duced copper cladding to wooden warships in the
eighteenth century to prevent the hulls from be-
ing eaten by marine borers and fouled by other
marine growth. The hulls of the Cuzty Sark and
other famous clipper ships were clad with cop-
per. These vessels were required to make fast pas-
sages, and the copper ensured that their bottoms
remained smooth. In 1893, the America’s Cup de-
tenders Vigilant and Enterprise, and other Cup de-

fenders of the period, had hulls of Tobin bronze,
fastened with rivets of the same alloy.

The practice of cladding the hulls of wooden
ships and pleasure boats with copper was com-
mon until the mid-1950s, when modern antifoul-
ing paints came into common usage. Copper
cladding was the forerunner of modern copper-
nickel alloys that combine superior resistance to
corrosion with excellent antifouling properties.
Copper-nickel is sometimes used to clad the un-
derwater sections of commercial vessels but for
several reasons—including difficulty in obtain-
ing the material, difficulty of welding, and great
expense—it is not suitable for constructing plea-
sure craft.

SMALL BOATS

It is only in recent times that steel and aluminum
have been considered mainstream boatbuilding
materials. Metal boat building has come a long way
in a few years, and even as recently as 1965 very few
small craft were built from these materials.

In the early 1970s, in Brisbane, Australia, I




knew every small craft in the area. Out of some
200 boats, only 3 were built of steel. By 1974,
when I started to design in metal, there were still
fewer than 10 steel boats in Brisbane. What a dif-
ference today, when metal boats are much more
widely accepted, and are regarded by many as the
best for serious offshore cruising. It’s common for
our office to receive from cruising people letters
that read: “We are anchored off [a popular cruis-
ing area] and there are 20 boats here, and 12 are
built from steel.” A rare dash of modesty prevents
me from quoting the large percentage of these
boats that are to my design!

Steel

Steel is the most commonly used boatbuilding
metal. It has many advantages including great
strength, low cost, and ease of fabrication. There
are great numbers of experienced welders in all
parts of the world. Add to this the ease of repair,
and the availability of a wide selection of suitable
plans designed especially for

ous disadvantages in building, owning, and main-
taining a steel boat.

Aluminum

Now widely accepted as a boatbuilding material,
aluminum has the advantage of being about one-
third the weight of equal-size steel, although this
is partly offset by the fact that you need a thicker
material for boatbuilding. Aluminum is easy to
work with. In fact, you can use hand tools on alu-
minum, even some woodworking ones. It’s ideal
for decks and superstructures where its light
weight can be used to advantage. In some areas of
the world, aluminum has become popular for
building commercial craft and fishing boats;
when the correct marine grades are used, the en-
tire boat can be left unpainted.

The disadvantages include greater cost and
relatively greater susceptibility to galvanic corro-
sion. Aluminum requires expert fabricators and
experienced welders who are used to handling it.

building in steel, and it’s easy
to see why this material has
become so popular with the
cruising fraternity. Successful
steel cruising boats can be
small, too—as little as 25 feet
(7.62 m) in length. The Dutch
even build steel dinghies of
around 15 feet (4.57 m) and
use them as tenders on their
barges and other commercial
craft.

Steel is heavier than
other boatbuilding materials,
but that hasn’t proved to be a
disadvantage in cruising sail-
boats or powercraft. Steel
needs some care and atten-
tion, but modern coatings
have greatly reduced the
chances of rust forming. As
the owner of several steel

boats, I must confess I have
found it hard to find any seri-

This tidy pilothouse would look equally attractive on a sailboat or a
powerboat.
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Aluminum was the material chosen by Leuder Kerr for his Spray
33 Brass Loon. This strong hull has successfully withstood contact
with many deadheads (near-submerged floating logs) in the Gulf
Islands of British Columbia, Canada.

are considering building a fast, planing,
metal powerboat, then aluminum will
be worth your consideration. Another
instance is where a vessel has a high su-
perstructure; then aluminum may be
used for the constuction of those areas
where its light weight will add to the
posative stability of the vessel. Seek your
designer’s advice on this matter. Itis a
waste of money to use aluminum to
build moderate to heavy displacement
boats; steel is preferable as a construc-
tion material for these heavier hulls.

Copper-Nickel

In 1938, a 45-foot (13.72 m) motor
cruiser, Miss Revere, was built in the
United States using an alloy of 70 per-
cent copper and 30 percent nickel,
welded over framing of the same alloy,
and fitted with aluminum bulkheads.
Between 1938 and 1965, many U.S.
Coast Guard motor whaleboats were
sheathed at the waterline in copper-
nickel. In 1968, the pleasure yacht As-
perida was built, using 70-30 copper-
nickel hull plating over framing of the
same material; this boat is still in service
today.

The first of several copper-nickel
commercial fishing boats was built in
1971. The hull of the 67-foot (20.42 m)
Copper Mariner was constructed from a
'/i-inch (6 mm) alloy containing 90 per-
cent copper and 10 percent nickel, in-
stalled over steel framing. More recently,
several other trawlers and general-
purpose fishing boats have been built us-
ing copper-nickel alloys.

One interesting example of copper-
nickel construction is the sailboat Prerry
Penny. 1 inspected this boat in Faver-

When it comes to repairs, experience won’t be a  sham, England, after she had been removed from
problem if you have built your own aluminum  the water for the first time in 16 years. Presty
boat. Aluminum should be used where its benefits ~ Penny was also scrubbed once a year, and there
can be exploited to the full. For instance if you  were only a few barnacles present when she was



hauled. I was most impressed with
her condition.

All the advantages of steel ac-
crue also to copper-nickel, which
has the additional benefits of being
resistant to corrosion and fouling
by marine organisms. Copper-
nickel requires neither painting
nor anodes. It’s a natural antifoul-
ing element. These benefits may
make it the choice of those who
can afford the costly material. An-
other advantage is that you will
never be short of conversation
with your peers if you choose cop-
per-nickel.

The disadvantages of copper-
nickel include the shortage of
boatbuilders with experience in
handling this metal, much greater
cost, and the sense of being a pio-
neer when you decide to build a
copper-nickel boat.

The Cost of Metal Boats

Steel is the cheapest metal suitable
for boatbuilding. It’s considerably
cheaper than fiberglass or the ma-
terials used in wood/epoxy con-
struction. Steel is definitely today’s
bargain boatbuilding material.
Aluminum comes next in price, then fiberglass
or wood/epoxy. Copper-nickel costs about 10
times more than any other material and hence is
the most expensive of all.

But you have to remember that the cost of
the hull (meaning hull, deck, and superstructure)
represents only about 33 percent of the total cost
of the vessel. Thus, a good argument can be made
for ignoring the cost of the hull. If your budget

Another attractive pilothouse. This one graces the steel Roberts 370 Tensile.

allows this, then choose the material that is most
suitable for your needs. After you have examined
the building techniques explained in later chap-
ters, you will be in a better position to make an
informed decision. Quite frankly, even if steel
were the most expensive material, which it is not,
because of its great strength advantage, you could
still make a good case for choosing steel as the
primary boatbuilding material.



CHOOSING
A SUITABLE BOAT

Before your decision-making process gets into top
gear, you would be well advised to get your part-
ner and family involved. Over the past 30-odd
years, we’ve seen many boating projects come to
grief because the senior family member failed to
consult with, or listen to, the wishes of the oth-
ers. You'll have to forgive us if we repeat this ad-
vice elsewhere; we feel it is worth the telling.

You’ll find many fine designs for sail and
power in Chapters 6, 16, and 17. But don’t be
tempted to buy or build a boat that is larger than
you need. Reaching this decision is harder than
you may imagine. If you have children who will
accompany you throughout your boating adven-
tures, make sure you think through the options.
For instance, if you have teenagers, the chances
are that within a few years they will be doing their
own thing and not interested in accompanying
their parents. It’s a fact, though, that many fami-
lies cruise with young children. Home schooling,
and other concessions to your young crew, can
turn cruising into a wonderful experience for the
entire family.

What type of boat is right for you? Power,
or sail, or perhaps a 50-50? That’s a decision you
may already have reached before you discuss the
options with your spouse and other family mem-
bers. Age has a bearing on this decision; if you're
under 40, then you will most probably opt for
sail; up to 50, it may be a tossup; and over 50,

power may be your choice. There are many ex-
ceptions to the above but it’s my experience that
the happiest boaters fall into the age/sail/power
categories outlined above. We are currently
preparing a custom sailboat design for a client
who has just turned 50; he admits that his next
boat will be a trawler.

Many people enjoy the comfort, conve-
nience, “level playing field,” and perceived safety
of powerboats. They don’t particularly like
preparing meals and generally keeping house at
varying degrees of heel. If more sailors chose
cruising powerboats, or at least comfortable sail-
boats like the Spray type, they and their families
would be (and would remain) more enthusiastic
about serious boating. Introduce your partner to
boating in a sensible way. Do not choose the
roughest day to show off your boating skills; if
you do, then from then on you may boat alone.

That’s our idea of the comfortable cruising
lifestyle. In the many years we’ve spent designing
and supervising the construction of hundreds of
boats of all types, we have met many families be-
fore, during, and after their boating adventures.
Our suggestion is that you give stability and com-
fort some serious consideration before you make a
decision about which boat will suit you and your
family. Most modern “off-the-shelf” sailboats sail
to windward at considerable heel; in our case we
prefer to design boats that sail with minimum
heel. Surprisingly (to many), when tested under
actual passagemaking conditions, these boats of-
ten out perform so-called performance cruisers.



Western Grace, built by Christensen Yachts in British Columbia, is a very successful charter vessel. See www.

bruceroberts.com for details.

If you’re new to boating, you may want to
consider a boat that’s suitable for weekend and
holiday cruising as opposed to a fully equipped
liveaboard cruiser. That would be jumping in at
the deep end. Again, your age will have a bearing
on your decision; the younger you are, the more
time you will have to correct any mistakes of
judgment you may make when choosing your
boat. Most people who enjoy boating will own
three or more boats in their lifetime. You’ll need
to consider if your first boat is truly “the” boat
or just a stepping-stone in that direction.

A metal weekend cruiser can be as small as
25 feet (7.62 m) in length or as large as you can
afford or handle with your family for crew. My
advice is never to own a boat that cannot be handled
by a crew of rwo. Most boats that are used regu-
larly, as opposed to those that languish in the lo-
cal marina, are crewed by a couple. How big is
too big? We have many Roberts 53-foot sailboats
successfully cruised by healthy and active (not
necessarily young) couples. Neither crew mem-
ber is required to have an outstanding physique.
Modern equipment makes it possible for small
persons to handle the sails and associated gear
comfortably.

Before deciding on the size and type of ves-
sel that will best suit your needs, you may wish
to read more on the subject. See Appendix 1 for

a list of books that can help you to make an in-
formed decision.

BUYING NEW

If you’re considering owning a powerboat in Eu-
rope, you will have a wide choice of metal boats.
There are many builders of fine steel cruisers in
Holland, Britain, and elsewhere in the European
Union (EU). The off-the-shelf motor cruisers
built by the Dutch used to be mainly intended
for coastal and canal work. The quality of hull
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Frank Ozannes built this steel Roberts 36 from scratch.



construction, interior joinery, and general finish
is first-class. With the advent of the EU Norm
rules for marine craft, the cruising capabilities of
the boats built in Holland and elsewhere in Eu-
rope are superior to those built elsewhere. The
strict and comprensive rules of construction and
general engineering ensure safe, seaworthy boats.
All the boats designed and built by my own com-
pany in Holland are Class A, which means they
are classified as suitable for unlimited offshore
ocean cruising.

In the United States and Canada, there are
a few builders of metal boats, many of whom
build fine vessels. Fortunately, the shoddy
builders soon disappear; but make sure you are
not one of their customers before they quit the
scene. You may wish to contact one of our offices
for a current list of builders and kit manufacturers
in your area. Visit our website at www.brucer-
oberts.com for additional up-to-date information

BUYING USED

Buying a used metal boat is another option, but
the purchase of any secondhand boat can be
fraught with traps for the unwary. The term
“buyer beware” is never more apt than when buy-
ing a used boat. With any boat, age has its poten-
tial problems, so younger is usually—though not
necessarily—better. Naturally, there are cases
where a well-built and maintained older metal
boat is superior to a jerry-built nearly new ves-
sel. Nevertheless when buying a used boat try to
consider only boats that are less than 5 years old.
This advice applies to any boat, no matter what
material was used to build the hull.

Older boats with teak decks are to be viewed
with added suspicion. In fact, any boats with teak
decks should be inspected with the utmost care.
Assume you may have to replace or extensively
repair the decks, and factor this into your offer.
Remember that a boat that needs extensive re-
pairs and renovation will cost you nearly as much
as—or often more than—building a new one, and
the result will still be an older boat with a doubt-
ful resale value.

Now, having painted that picture of doom
and gloom, let us say that there are some fine
used metal boats out there, but you’ll have to sort
through a considerable number of undesirable ex-
amples before you find your dream boat. We have
owned many boats, mostly new, but the last two
were used steel boats. Both these boats were un-
der 5 years old and had been only lightly used be-
fore we purchased them. With one of our previ-
ous boats, K*I*S™S, a 28-foot (8.53 m) steel Spray
design, we were able to recover all of our invest-
ment after two years’ use.

If you’re able to deal directly with the
owner, you may avoid some of the pitfalls associ-
ated with this type of purchase. You must make
sure you are absolutely satisfied before you hand
over your money. Always hire a qualified surveyor
to check out your boat; also the report may be
used to help with the price negotations depend-
ing on what the suveyeror finds. Again make sure
you have all the facts before you part with any
substantial amounts of cash.

In the United States, boats are often docu-
mented with the Coast Guard, which proves
ownership. Another way to check ownership is to
contact the yacht’s insurers and the harbormaster
where the boat is kept. It’s as well to remember
that if you buy a boat from someone who doesn’t
have legal title to the vessel, and it’s later re-
claimed by its lawful owner, you may lose both
the boat and your money. There’s always a
chance that the boat you’re considering buying
may be subject to a loan agreement, or it may
form part of a legal dispute, or there may be
some impediment in the title. Carefully check
builders’ certificates, bills of sale, and any other
documentation that’s offered to prove the cur-
rent ownership.

Surveys are essential when you’re buying a
used boat. You’ll have to bear the costs of haul-
ing for a full survey, but before you commit to
that, here’s a tip. To cut your potential costs, con-
duct a very detailed inspection of the interior, gal-
ley equipment, pumps, heaters, batteries, mast(s),
rigging, sails, dinghy, and electronic equipment
before you commit yourself to a full survey. Do
it yourself, and don’t be rushed. Take your time,



and don’t be afraid of being a nui-
sance. If you have trusted and
knowledgeable friends, seek their
help and advice at this early stage.
Don’t ignore advice because
you've fallen in love with the
boat. Assemble your facts, and on
no account part with your cash
before you are in possession of all
the information about the boat’s
condition.

CUSTOM BUILDING

Many of you will be considering
having your metal boat fully or
partially built by professionals.
But most owners of metal boats | =
are better informed than owners |=« ==
of vessels built from other mate-
rials, and many are capable of
building or supervising the con-
struction of their new vessel.

If you opt for a custom-built metal boat,
you’ll need the services of a competent naval
architect or boat designer who is familiar with
your chosen material. Fortunately, there are sev-
eral designers who have either specialized in,
or had experience in, designing boats in steel or
aluminum.

A custom-built boat need cost you no more
than one from a production run. One way to
save money is to act as your own contractor. You
rent the building space and hire local workers
to do the work. And here you reap another ben-
efit of building in metal: any competent welder
with experience in your particular metal can
build a metal boat, given a kit or a detailed plan.
All the materials and equipment, engines, elec-
trical gear, and everything you need to build and
equip your vessel can be purchased locally. If you
go about this in the right way and buy most
items at trade prices, you can save a great deal
of money; perhaps this will enable you to atford
a larger boat. A letterhead with your “Boatbuild-
ing Company” name and address will go a long
way toward convincing suppliers to give you
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Build carefully if you wish to emulate this Spray 40 sailed to the Antarctic
by her owner-builder, Alan Sendall.

trade discounts; make no mistake, they want
your order, so make it easy for them to supply
you at trade or discount prices.

STARTING FROM A KIT

It is now possible to purchase a kit of parts that
have been precut from plate. Your job then is to
assemble them into a hull, deck, and superstruc-
ture. Some designers (including this one) have
the ability to prepare a special computer disk with
the parts “nested” to allow more economical cut-
ting. It’s necessary, of course, for the company
producing the kit to have the automatic, comput-
erized cutting devices. This service initially costs
a little more, but if you can afford it, you will find
this a practical and perhaps even economical way
of getting your project off to a quick start. Recent
cost comparisions have established that building
from a precut kit or cutting files does not involve
additional costs when considering all the aspects
of assembling your hull deck and superstructure
(often referred to as the shell).




You alone can tell if the additional initial
cost is justified; discuss these matters with the de-
signer and with the company supplying the kit or
cutting files. The best of these precut kits are cut
from shotblasted and primed steel that has been
coated with a specially formulated weld primer.
This coating doesn’t give off fumes when you’re
welding. Another benefit of the weld primer is
that there is little cleanup after welding; all you
need to do is lightly grind the welds and then
touch up the primer by hand in these areas.

HULL AND DECK OPTIONS

Many metal boat owners start with a hull, deck,
and superstructure that have been built to their
order and delivered to a suitable site for them to
complete. Again, the owners buy all the equip-
ment and finishing materials and then undertake
as much of the labor as they wish. It’s still a good
idea to print your letterhead, as mentioned ear-
lier, and buy at trade prices.

There are many books for those who want
to build or partially build their own boats; you’ll
find some suggestions in Appendix 1. If you don’t
want to do some jobs yourself, you can hire local

This steel Spray 40 shows several attractive and sensible features, includ-
ing substantial pipe guardrails (stainless would have been nice) and a
nicely laid teak deck. Note the wide covering board around the edge, a
sturdy pair of stainless steel bollards on the foredeck, a timber rubbing
strip “stood off” the hull, a pair of stainless steel bow fairleads, and a
well laid out fore-cabin top.

electricians, mechanics, and other tradesmen to
do them for you. You’re in charge; you decide just
how much or how little you want to do yourself.
One thing is for sure: you’ll save a great deal of
money, and end up with a boat that you are totally
familiar with and can then easily maintain. If you
plan any extensive cruising, it’s imperative that
you be familiar with every aspect of your vessel.
What better way to learn about your boat than
to work on the construction? After studying all
of the options, you can personally select all the
equipment you need to complete your vessel.

BUILDING FROM SCRATCH

Many thousands of owners have built their metal
boats from scratch. These determined individuals
have selected a design, purchased plans and basic
materials, and built their own hulls, decks, and
superstructures. Depending on the size of your
boat, and whether you are building part-time or
full-time, this process will more than double the
overall building time.

There are many of you who have some
welding experience. If you feel you would like to
build from the ground up, don’t be put off by the
size of the project, but keep in
mind that you should never build
more boat than you need. Choose
a design that has been especially
drawn for the less-experienced
builder; there are many designers
who can provide you with suit-
able plans. Some designers, in-
cluding us, provide full-size pat-
terns for the frames and other
parts of the hull structure.

We’re often asked how long it
takes an amateur to build a boat.
Here are a couple of extremes.
One Roberts 53 steel sailboat, in-
cluding the hull, deck, and super-
structure, was built and equipped
ready for sailing by one Aus-
tralian man and an occasional
helper in the unbelievable time of
10 months. We have to assume




that this person purchased many items ready-
made. Another builder of the same design took 10
years part-time, but he made everything himself,
including the sails. This tenacious builder even
made patterns for his cast winches, and then fin-
ished them himself. Photographs taken while he
was sailing his 53-foot (16.15 m) boat off the Aus-
tralian coast show a happy couple enjoying their
boat and cruising far from home. In fact, this
builder then completed a circumnavigation of the
world and before returning home to Germany. In
our records there are hundreds of letters from
builders who fall between these two extremes.
There have been many attempts by others
and us to try and calculate building times for in-
dividual boats. In most cases this has proven a fu-
tile exercise. Factors such as starting from scratch
versus buying a kit, cutting files, or a ready-built
hull; the amount of help available from your part-
ner and friends; how many hours a week you can
devote to the project; and just how badly you
want to get the job done all play a part in how
long it will take you to complete the project.

FINANCE,
OR PAY AS YOU BUILD?

Unless you are financially independent, you’ll
have to consider how you’re going to pay for your
new boat. If you buy a new or a used vessel, you
may decide to finance part of the purchase. Many
finance houses will give you a loan, perhaps as a
second or refinanced mortgage on your home. Of
course, you’ll pay for this in interest, loan setup
fees, and so forth. You may get a more favorable
interest rate if you obtain a marine mortgage, as
opposed to a simple bank or finance company
loan. Many banks, savings and loan associations,
and similar lenders will give you a loan for 10,
15, or 20 years to purchase a new boat. But before
you sign any finance agreement, make sure you're
aware of all the interest and other expenses
involved.

Paying as you build is our preferred option,
and means not only that will you save on the
overall cost of the boat, but you’ll also avoid in-

terest and other associated charges. We’ve seen
thousands of fine boats built or completed by
owners who, on launching day, have had the extra
thrill of knowing that their pride and joy was debt
free. Some builders even have it both ways—they
build as much as they can afford (paying cash),
and then they raise a loan, using the partly built
boat as security.

BUILDING SITES

If you decide to build your own boat from a kit,
cutting files, hull-and-deck package, or from
scratch, you’ll need a suitable building site. If you
live in a warm area, a simple shelter will suffice.
If your boat is to be built or completed in a cold
climate, you'll need to consider a heated struc-
ture. In any case, you’ll need some form of se-
cure building in which to keep your tools and
valuable supplies. Fortunately, when you’re build-
ing a metal boat the lower perceived value of the
materials will mean the need for security is rela-
tively less than if you were building in fiberglass
or plywood. This benefit lasts only until you start
on the interior. Even if you’re working outside,
it’s a good idea to keep your more valuable items
out of sight, or maybe in more secure storage, un-
til they can be properly installed in the boat.

Part of the advantage of building in a place
that’s secure, comfortable, and weatherproof is
purely psychological; it will be easier to make the
effort to work on the boat. Also, if you’re paying
rent on a building, you’re more likely to get on
with the job. If you’re building outdoors, exposed
to the elements, then you’ll often have to stop
work because it’s rainy, cold, or windy. The disad-
vantages of building outdoors can add months to
your building program.

"To determine how much space you’ll need to
house your boatbuilding project, plan for a space
50 percent longer and 100 percent wider than the
finished boat. For instance, if you’re building a
boat 40 feet long by 13 feet wide (12.19 by 3.96
m), your working space should ideally be 60 feet
long by, say, 26 feet wide (18.29 by 7.92 m).
When it comes to handling plate and other con-
struction members, you’ll need plenty of space




This Roberts 342, built in Europe, is a fine example of what you can achieve using the radius-chine technique to
build in either steel or aluminum.

for tools and materials, as well as room to move
around.

For maximum efficiency, plan your building
site so that you spend as little time as possible
walking from one area to another. The position-
ing of benches and frequently used tools will play
a part in making a comfortable and productive
workplace.

Your boatbuilding project should not be too
far from home; this becomes even more impor-
tant if you’re only working part-time on the boat.
Travel time can eat into valuable work time, and
distance can be a deterrent to getting started
evenings and weekends. Make sure also that your
work site is accessible to the large trucks needed
to deliver long lengths of plate and other neces-
sary supplies. If you’re working outdoors, be sure
you have a flat, level site. Carrying tools and ma-
terials up even the smallest gradient can soon be-
come a tiring exercise. And you’ll be getting
plenty of that already.

One obvious choice is to build your boat be-
side your house. Many fine boats of 65 feet (19.81
m) have been built to our designs beside the own-
ers’ homes. To make this a practical proposition,
you need to live on a large lot or in an isolated area.

Local building ordinances may govern just
what you can do in your own backyard. Check
them before you start building a shelter or erect-
ing boat frames beside your house. Generally
speaking, the farther you live from the center of
town, the better chance you have of being able
to build or complete a boat on your own prop-
erty. If you’re not committed to a mortgage, you
may consider renting a suitable house away from
the town center and building your boat on the
grounds of your rented property. Obviously, you
need to check with the owner first and get per-
mission in writing before you sign the lease.

If you start with a hull and deck, all you may
need in the way of a building is a toolshed; the hull
can be heated, and the outside work can be com-
pleted in fine weather. Another advantage of start-
ing with a ready-built shell or kit is that you may
be able to complete the boat in your own yard.
Metalworking is noisy, especially when you’re
building the hull and deck. If you’re building in a
residential area, make sure the noise that can be
heard outside the boat is kept to a minimum.

Here are a few suggestions for boatbuilding
locations: your own yard; unused corners of mari-
nas and boatyards; fenced-in, but unused, indus-



The Dutch love to build everything out of metal, as is evidenced by this attractive steel dinghy.

trial sites; beside or in an engineering business;
inside old warehouses; inside or beside an old
storage barn. These are just a few of the many
possibilities and these locations can often be
rented cheaply.

If you are building from a precut kit, you
may want to consider using an “own-your-own
container” for transporting the kit from the sup-
plier to your building site. If you are not con-
structing your boat in a secure building, the con-
tainer makes a fine lock-up tool- and storage
shed. These containers cost about $1,500, so you

and your insurance company may consider this a
worthwhile investment.

Make sure you think ahead to the day that
the boat is completed and ready for launching.
Can a low-load trailer and lifting crane get to your
site and move your boat to the water? Have you
surveyed the route? Check for low overhead wires
and sharp corners in narrow streets. We’ve seen it
all; there are hundreds of stories about boats being
lifted over houses and hoisted from mountain sites
by large helicopters. Some boats have been liter-
ally dragged through villages by willing helpers.



STEEL

It bears repeating: steel is today’s bargain boat-
building material. If possible, you should choose
preshotblasted and primed materials. The terms
sandblasting, grithlasting, and shotblasting have sim-
ilar meanings. The process for all three involves
blasting the steel plate and bar stock with a grit to
remove the impurities from the surface and
preparing the material to receive the prime coat-
ing (see Chapter 9, Gritblasting and Priming). If
you’re building outdoors, you’ll lose some of the
precoating. But the benefits of pre-prime-coating
are so positive that it’s worth your consideration.
Preprimed steel not only provides a cleaner
working environment, but it will encourage you
to arrange a temporary cover. When you’re weld-
ing prime-coated steel, you should wear a protec-
tive mask to avoid inhaling the fumes released as
the prime coating is burned off around the weld.
If you use a kit that is coated with Sigmaweld MC
primer, there are very few fumes; it is always ad-
visable to wear a protective mask and other pro-
tective gear when building any boat.

One of the main benefits of using shot-
blasted and primed materials is that when you
have completed the hull and deck, you should not
need to shotblast or gritblast the interior. This
part of the blasting process is the most time con-
suming and expensive. If you can avoid it by using
primed, painted steel, it’s worth the cost and ef-
fort of obtaining this material and keeping your
project under cover. You may wish to consider us-

ing self-applied shotblasting and priming your
metal before you start construction. Make sure
you use weld primer that is specially formulated
for use on the plate to be welded. One brand is
Sigmaweld MC primer; other manufacturers
should have similar products.

We used to think that building outdoors and
using unprepared steel was a good idea; the the-
ory was that the weather removed some of the
mill scale and other surface impurities. But, as
you will have gathered, we’ve changed our mind.
It may take longer than originally planned to
build a boat with unprepared steel, and the
wastage of metal through rusting could be a siz-
able factor in its life expectancy. Our advice:
NEVER allow your boat to get rusty during con-
struction.

Steel Plate

When ordering the plate, make sure you specify
plate-mill and not strip-mill plate. Plate-mill stock
is plate that has never been coiled. Strip-mill is
plate that has been rolled into large coils after
manufacture; later, the steel is unrolled and sold
as flat plate. But it has a “memory,” so it won’t be
absolutely flat and unstressed before you start to
bend it. If you’re forced to use strip-mill material,
try to ascertain the natural curve of the plate, and
use it to your advantage.

Our choice for steel boat building is plate
with a low to medium carbon content. You’ll find
there are many different grades of steel, but we



recommend low-carbon steel with a carbon con-
tent of between 0.15 and 0.28 percent. The high-
est carbon content acceptable to most classifica-
tion authorities is 0.28 percent, so we recommend
you stay within the range quoted above. Low-car-
bon steel is available in various shapes, strips, and
plate, and has good welding characteristics. As
code numbers vary from country to country, you
should seek advice from your steel supplier to en-
sure that you receive the correct materials as sug-
gested above. Lloyd’s A-grade shipbuilding steel
will be one of your preferred choices if you live
in Europe, or build from a precut kit that is cut
from Lloyd’s-approved steel.

The plate thickness will be specified in your
plans. Remember that it’s harder to avoid distor-
tion when welding materials that are thinner than
Y% inch (3 mm). Even this thickness should be re-
stricted to decks and cabins, as well as to hulls on
boats under 35 feet (10.66 m) in length. Your de-
signer will specify the plate thickness recom-
mended for your boat. When you’re building
small steel boats, it’s better to reduce the amount
of framing than to reduce the plate thickness.
Some builders increase the plate thickness with-
out consulting the designer, which, in a steel boat,
can have disastrous results. If you are unable to
obtain plating as specified in your plans, always
contact the designer for advice. Changing the
plating thickness may require rescheduling the
spacing and sizing of the framing.

As you may be responsible for the quality of
the steel being used in your boat, you should be
aware of the common defects. Check for “wavy”
areas in the sheet. This defect can appear as small,
uneven areas with a wavy appearance. Another
defect is rolled-in mill scale, which is caused
when impurities on the surface of the plate are
rolled into the surface. Buckles or kinks in the
plate can be caused by improper handling after
manufacture. You may also find thin areas in the
center and ends of pipe.

Cor-Ten

Avoid materials such as Cor-"Ten or high-tensile
steels; they have limited or no boatbuilding appli-

Table 3-1.
Mild steel plate in pounds per
square foot and kilos per meter.

Thickness Pounds per Kilos per
sq. ft. sg. m
3 mm — 24.5
s in. 5.10 —
10 gauge 5.52 —
9 gauge 6.10 —
3/32 in. 6.37 —_—
4 mm — 33.5
8 gauge 6.75 —
7 gauge 7.30 —
710 in. 7.65 —_—
6 gauge 7.97 —
5 mm — 39.5
5 gauge 8.70 —
7/32 in. 8.92 —
4 gauge 9.14 —
6 mm — 48.5
3 gauge 9.77 —
Ysin. 10.20 —

cations. Some designers have recommended Cor-
Ten in the past, but this steel contains traces of
copper, which tends to encourage corrosion in
salt water rather than inhibit it. Cor-"Ten was de-
veloped for use in industrial applications such as
water tanks on farm properties. While it resists
corrosion in a salt-free atmosphere, it doesn’t
have good corrosion resistance when it’s im-
mersed in water, especially seawater.

Cor-"Ten is more expensive than mild steel
and it needs to be welded using copper-clad,
continuous-feed electrodes and argon-arc. We do
not recommend Cor-"Ten or other specialty steels
for boatbuilding.

Stainless Steel

Occasionally, we’re asked about the possibility of
building a boat of stainless steel; the simple an-
swer is: Don’t! This material has no place below
the waterline on most boats including those built
from nonmetallic materials. The problem is



shielding corrosion caused by oxygen starvation,
which, in turn, will promote crevice corrosion.
The important factor is the amount of oxygen in
contact with the surface of the steel; one part of
the steel must not be starved of oxygen while an-
other part has it available. This phenomenon is
known as the oxygen differential, and it will set up
an electrochemical cell that will lead to rapid de-
terioration of the metal.

Stainless steel is ideal, however, for deck fit-
tings, chainplates, and stanchions. Stainless is also
required as a liner in areas where dock and anchor
lines would soon wear off the paint. On items
such as stanchions, always paint 2 inches (50 mm)
onto the stainless area to prevent galvanic action
between any defects in the painted mild steel and
the uncoated stainless fitting.

The types of stainless steel most commonly
used in boatbuilding fall into the 300 series,
namely 302, 304, and 316. The 316 grade is con-
sidered the best for marine use and should be
used wherever ultimate strength and freedom
from corrosion are required.

When the quoted number is followed by the
letter “L,” it indicates a low carbon content; this
feature allows welds with good corrosion resis-
tance by avoiding loss of chromium at the grain
boundaries. The free-machining grades, type 303
or 303e, should never be used in seawater because
they corrode. These specialized steels contain
sulfate particles that facilitate the machining op-
eration; however, the particles create a surface
with numerous built-in alloys to particle galvanic
cells. (See Chapter 12, Corrosion Prevention.)

Buying Plate

The price of steel plate varies from supplier to
supplier, so shop around. Generally speaking, the
more you buy, the lower the price, by weight. We
recommend that you order all the plate, stringer
materials, other flat bar, and angle at one time.
Many designers supply a material list with the
plans and it’s wise to compare this list with the
drawings, so you’ll have a better understanding of
the construction procedures. Use your material
list to obtain quotes from as many suppliers as

possible. In most cases, 20 percent should be al-
lowed for wastage.

Stock sizes of sheet are 8 by 4 feet (2.50
by 1.25 m) and 6 by 3 feet (2 by 1 m) but some
stockists can supply sheets 10 or 12 feet (3 or 3.50
m) long. (Note that the metric sizes here are
rounded out to the most likely available sizes.)
Another consideration is that the steel supplier
may make additional charges for larger or un-
usual sizes of plate, and the delivery costs may
also be higher. The size of your boat and the
steel-handling equipment you have available may
decide the sheet sizes for your project. We cut
our kits from 20-foot (6 m) sheets or longer, de-
pending on the size of the vessel and the type of
shipping used to transport the kit. Some kits are
transported in 40-foot (12 m) containers so even
longer sheets can be used. The big advantage of
this is that it eliminates welded seams in areas
such as the side of the hull. You can easily arrange
a gantry arrangement to handle these longer
plates so keep this in mind when ordering your
kit or basic plate material.

It’s better to tack-weld your plates into as
long a length as practical before installing them
on the hull—you’ll achieve a much fairer hull by
following this practice. The same advice applies
to stringers and other longitudinal framing

Steel Framing

Framing includes the transverse frames, stringers,
chine bars, stem, and backbone. For small-to-
medium-sized boats, you can make the framing
from flat-bar stock. For the deck beams and cab-
intop beams, it’s preferable to use L-angle or T-
bar (flange down) as this provides a suitable cavity
for the insulation material and also allows the lin-
ing materials to be fastened to the inside or un-
derside of the flange as applicable.

Hull frames may be flat bar or L-angle. Our
objections to angle used to be that it was more
difficult to keep the rust out of the angle. More
recently, however, we recommend that all hulls be
built from pre-prime-coated steel and have
sprayed-in foam insulation. Where the sprayed-
in foam is installed, there’s much less chance of



rust forming around the frames. Because of
weight considerations alone, we would not rec-
ommend angle frames in boats under 30 feet
(9.14 m). Heavy-displacement boats and larger
vessels can carry the extra weight and also will
benefit from the extra strength of the angle
frames. We have just completed plans for a new
Spray Pilot House 40, and in this case I have sug-
gested L-angle or T-bar frames be used through-
out. The presence of the flange will assist in the
lining and fitting out process. On flat-bar frames,
timber strips are screwed to the frames to accept
the lining materials.

As mentioned above, the stringers, stem, and
backbone will almost always be fabricated from
flat-bar stock. Occasionally, solid round bar is
used for the hull chines; there will be more on
this subject elsewhere in this text. Web floors
(also known as solid floors or gussets at the bot-
tom of the frames) should be cut from plate that
is the same thickness as the frames.

BRONZE

Bronze is an alloy of copper, tin, and varying
small amounts of other elements. It’s a fine boat-
building metal and it has been used in marine ap-
plications from time immemorial. In Roman
times, bronze was a prized alloy and had many
uses. The exact combination of metals used to
make the bronze alloy will depend on its intended
use. Copper is the main ingredient, and tin usu-
ally accounts for 5 to 10 percent of the mix.
Bronze will often take its name from the third
metal in the alloy; for instance, phosphor bronze
contains about 5 percent tin and 0.5 percent
phosphorus, and it is suitable for use in the ma-
rine environment. Alloys of aluminum bronze,
or nickel-aluminum bronze, are often used for
propellers.

MARINE ALUMINUM

Aluminum has been available for over a century,
but it’s only in the past 40 years that it has been
widely used for boatbuilding. Pure aluminum is

a soft metal and not suitable for most commer-
cial applications, let alone boatbuilding. There
are many aluminum alloys for various applica-
tions but only a few suitable for marine use.

Some of the metals alloyed with aluminum
are chromium, copper, iron, manganese, magne-
sium, and zinc. Small amounts of these metals are
used to improve the industrially pure aluminum.
For marine use, the main addition to pure alu-
minum is 4 to 5 percent of magnesium.

Because there’s no universal grading system
for aluminum, you should check with your local
suppliers for advice. The table shows some type
numbers and their recommended usage. We have
grouped them into UK and U.S. areas; most of the
rest of the world follows one system or the other.

The 5000 series and, in particular, material
with the 5086 designation, is the metal most com-
monly used for boatbuilding. There are several
different numbers in the 5000 series and it’s worth
checking with the aluminum manufacturer in your
country so you get firsthand advice. Don’t be
fobbed off by unscrupulous suppliers or merchants
who may try to sell you what they have in stock.

The 5000 series has excellent resistance to
salt water, is ductile, and retains its high strength
when welded. In some cases, you may choose

Table 3-2.
Weights of aluminum plate, etc.

UK u.s.
hull plate BS 1477 NP8 5086 H116
frames and

stringers BS 1476 NE8 5086 H116
superstructures BS 1470 NS6 —
decks cabin

structures — 5086-32

Weight of aluminum plate in pounds per sq. ft.

Vi N, 0.90
Yo N, 1.76
3/16 1 VR 2.64
Vo, 3.52
5/16 1 T 4.53
Yo N 5.44



Table 3-3.
Comparative strengths of different materials.

Steel Aluminum Copper-Nickel Fiberglass Wood
yield strength
in PSI 36,000-42,000 18,000-40,000 15,000 10,000-15,000 12,000-20,000
tensile strength
in PSI 60,000-70,000 23,000-47,000 40,000-78,000  15,000-34,000 16,000-27,000

compression

strength in PSI 60,000 32,000
shear strength

in PSI 23,000 17,000
modulus of

elasticity (x 100) 30 10
hardness

(Mohs’ Scale) 7 4

aluminum with one designation for hull plating,
another for framing, and still another for decks
and superstructure.

When you’re ready to order your aluminum
materials, it’s always recommended that you make
one bulk purchase. As with other metals, and in-
deed all your boatbuilding requirements, it’s al-
ways best to buy in bulk. If you can find another
builder with similar requirements, then a group
order is recommended.

At the same time as you are ordering your
aluminum plate and framing materials, you should
order the filler wire for your MIG welder. The
most common wire is 5356, which is compatible
with most aluminum alloys used in boatbuilding,
including 5052, 5086, 6061, and 6063. The 5386
wire can be used to weld these alloys to themselves
or to dissimilar alloys. (See notes about spool sizes
in Chapter 5, Welding.) It’s most important to
keep your welding wire clean and to use the spool
as soon as it is opened. Store the wire in a dry area,
and discard any dirty or contaminated material.

In this book, we’ll mainly consider welded
aluminum, as this covers the method by which
most boats are built from this material. There are
other building methods, however, including small
boats pressed out of a single sheet; these are pop-
ular in Australia, where they’re affectionately
known as tinnies. Riveted construction is still used
to build some smaller aluminum boats. Alu-

45,000 Fair 2,000-13,000

20,000 Low 700-3,000

19.6-22 2.8 0.7-2.3
5.5 approx. 1 1-3

minum boats have also been formed by explosive
techniques, but this and other offbeat methods
are outside the scope of this book.

For transverse frames you may choose either
flat bar, L-angle bar, T-bar or flat/round-top bar.
The latter is sometimes used for longitudinal
stringers. For longitudinal framing, stringers, and
chine bars (if fitted), we prefer flat bar, but the fi-
nal choice of scantling sections should be left to
the designer of your particular boat.

COPPER-NICKEL

Copper, one of the most noble metals, has excel-
lent resistance to corrosion in the atmosphere and
in freshwater. When combined with nickel to
form copper-nickel, it has superior resistance to
saltwater corrosion. These features, coupled with
its excellent antifouling properties, make it suit-
able for building hulls, however its huge cost and
difficulty of welding will discourage most of us
from seriously considering this material for boat-

building.

BRASS

Brass, an alloy of copper and zinc, has no place
as a structural member on any boat, and should
never be used in place of bronze. You may have a




Two young men looking for adventure built this steel Roberts 38 in New Zealand. The interior is as attractively finished as
the exterior you see here.




few decorative items—lamps and the like—that
are made of brass. You will know what they are
because you will be continually polishing them
to remove the tarnish that quickly forms in the
marine environment.

Brass made of 60 percent copper and 40 per-
cent zinc loses all its surface zinc in saltwater, and
is soon reduced to a useless mess. Beware of
cheap fittings imported from the Far East. They
may be sold as bronze, and look like bronze, but
they often aren’t bronze. If in doubt, select only
materials from known U.S. manufacturers.

OTHER
BOATBUILDING METALS

Monel Metal

The ultimate marine metal is Monel metal. It’s
rather expensive, otherwise it would be more

widely used. It’s not used for building complete
boats but it’s perfect for fittings where ultimate
strength and machinability are required. There
are two main alloys, including the regular ver-
sion that contains 67 percent nickel and 28 per-
cent copper. This alloy is ideal for propeller
shafting, where its corrosion resistance and dura-
bility are best appreciated. There may be some
doubt about the use of Monel shafting in steel
boats, however, and it may be better to use 316
stainless for your shafting requirements.

The variant “K” is nonmagnetic and is often
used for special purposes. Often, Monel is used
as the main propeller shafting on minesweepers.
They can afford it. It’s also used to protect com-
passes on boats and aircraft. When more boats
were built of timber, and before the wood/epoxy
technique was developed, Monel screws were
sometimes used on the finest craft, either to fasten
the hull planking or in other important parts of
the structure. The alloy contains aluminum and

titanium as well as nickel

~

Make sure to thoroughly paint the interior of your metal hull before you start the
fit-out. Most corrosion in steel boats starts on an unprotected interior surface. Pre-

prime-coated steel can give your hull a great start in life.

and copper. It’s a great
metal, but it’s not impor-
tant to amateur builders
of metal boats.

Magnesium

Freshwater anodes are
made from magnesium. It
may surprise you to learn
that protection from gal-
vanic and other corrosion
is necessary in #// types of
water, including salt-free
environments. Anodes of
zinc are not as effective as
those of magnesium in
fresh water. Conversely,
if you move your boat
from fresh water to salt
water for more than two
or three weeks, you will
need to change to zinc
anodes; the magnesium
ones will rapidly disap-



RIGHT:

This view of a Roberts 532
steel hull reveals all the
welds that have been used
inside the hull. Some light
grinding and smear of filler
will take care of the outside
appearance.

RIGHT:

Here we see the com-
pleted Roberts 532 ra-
dius chine hull deck and
superstructure. | hap-
pen to know that this
turned into a magnifi-
cent cruising sailboat !

LEFT:

This is the view of the underside of the
aft deck of the Roberts 532 pictured
above. The hull has been turned upright
before the deck was installed and the
transom will be installed at a later date.




Because of today’s emphasis on working safely,
you’ll want to consider what tools and equipment
you need to build, maintain, or repair your metal
boat. One of the best and least expensive safety
items is a clean work area. Avoid leaving anything
lying about that is not in use or needed in the im-
mediate future. These are the things that can trip
you up, slash you, or otherwise cause bodily in-
jury. Working with metal naturally produces haz-
ards of varying degrees, but you can protect your-
self by having the correct safety equipment. Under
no circumstances sell yourself short in this area.

PROTECTIVE CLOTHING

Always wear a proper industrial safety helmet. You
never know when something may fall, or be
dropped on your head. Safety goggles are a must.
They should have side guards to protect you
against flying metal particles when you’re cutting,
grinding, or chipping. You’ll need a face shield
and the various lenses. Don’t forget your ears; re-
member that good earmuffs are essential. A res-
pirator is required. Invest in good coveralls or a
boiler suit. A leather apron and gloves with cuffs
are definite requirements. One of our customers
built a steel Roberts 38 in a Florida nudist colony.
We often wondered how he dealt with the weld
splatter. Wear steel-toed shoes or boots, not
sneakers, around your metal boat building project.

Protective hand cream and an adequate first-
aid kit are essential. Have the first-aid kit handy

because you can’t anticipate when it may be re-
quired in a hurry; its presence may save your life
or at least prevent a minor injury developing into
a major one. Make sure you have plenty of eye-
wash on hand. A good-sized fire extinguisher and
an industrial vacuum cleaner are other essential
items of safety equipment.

Arc welders are relatively safe pieces of
equipment, but potentially lethal alternating-cur-
rent electricity powers them, so you can’t afford
to treat them casually. Your alternating current
(AC) supply will be 110 volts, 220 volts, 240 volts,
or perhaps a larger three-phase supply. Make no
mistake: all these voltages can be lethal.

Watching the arc with the naked eye is not
recommended. Even if you look at the arc for a

This builder of a Tom Thumb 26 found an angle grinder
ideal for cutting the plates. Accuracy of /s inch (1 mm)
was achieved with most cuts.



short period with unprotected eyes, you can get
arc eye, which is very uncomfortable and feels
like sand around your eyeballs. Assuming that
you, as the welder, #/ways use a mask, then it must
be the assistant or casual onlooker who will need
protection.

TOOLS FOR
BUILDING STEEL BOATS

Many of the tools you’ll require for building in all
types of metal are those common to steel boat
building, so we’ll look at this list first. Later, we’ll
follow up with information on the additional
tools you’ll require for building in aluminum

If you have more-than-adequate funds, no
doubt you’ll find many exotic and expensive labor-
saving devices to keep you happy. Fortunately for
the rest of us, a modern metal boat can be built
with relatively few inexpensive tools, most of
which are readily available in all parts of the world.
The metal used to build a steel or aluminum boat
is relatively thin, so it can be easily handled, cut,
formed, and welded. Many tools

For bending deck beams, stem, and frames as required,
you can make this simple device from a hydraulic jack
and an H-frame formed from angle bar.

fessional metal shop. This service is available in
most areas.

Our plans include details of tools that you
can make yourself. Most builders make many of
their metal-handling tools, often inventing new
ones as required.

A simple tool that you can make yourself will

are common to the three main
metals. The few specialized tools
required by each type are available
and familiar to those who possess
the necessary skills to work with
that particular material.

A check of the yellow pages
of your telephone directory will
provide sources for all the tools
and equipment you need. An-
other source is the “For Sale” sec-
tions of local newspapers. Perhaps
a “Wanted” advertisement in the
correct classified section will bear
fruit. Flea markets, jumble sales,
and yard or garage sales, are all
good sources of reasonably priced
tools.

In the case of radius-chine
hulls, we recommend that you
have the relatively small amount
of radius plating rolled by a pro-

John Reid built this Centennial Spray 36 in England. Reid used a garden
roller to roll the plates—no mean effort, even considering his consider-

able boatbuilding experience. This perfectly fair hull was being fitted out
at Iron Wharf Boatyard, in Faversham, Kent, England.



serve well to bend deck beams, the stem, and
other smaller parts that need to be formed. This
bending device is made up of a suitably powerful
hydraulic jack and a simple H-frame formed from
angle bar.

Included in the list of small tools you’ll need,
are a variety of metalworking hammers and mal-
lets, (including chipping hammers), an assort-
ment of clamps (some of which you can make
yourself), bolt cutters, a metalworker’s vise and a
selection of sawhorses. A good portable drill is es-
sential and a drill press will be useful. You’ll need
a large selection of high-quality metal bits, cold
chisels, and metal files. Other tools include a
bench grinder, a crimper, a power hacksaw, a jig
saw, a straightedge, and tinsnips.

Oxyacetylene Equipment

There are several ways to cut steel and most other
metals. Steel was traditionally cut with a gas
torch, or oxyacetylene torch, and although this
method is still widely used, more sophisticated
and affordable methods are now available. Nev-
ertheless, the oxyacetylene torch and its associ-
ated bottles and gauges will find many uses
around a metal boat building project, although it’s
not a necessity. The gas torch is quick, efficient,
and low in operating costs. With this equipment
you’ll need a light- to medium-duty kit with a 90-
degree angle, and specialized cutting tips.

The basic oxy kit consists of the cutting
torch, tips of various sizes, a set of gas regulators,
a flint lighter, goggles, a special wrench, cou-
plings for oxygen and acetylene tanks, and two
lengths of hose to lead from the tanks to the
torch. This package could cost less than $400
(£230) if you’re able to pick up used equipment
at a favorable price. A small cart to hold the bot-
tles would be useful; you can either buy one or
make one yourself. The cylinders are usually
leased from the gas supplier and you’ll only need
to pay for the refills.

The oxyacetylene torch cuts metal through a
rapid oxidization process in two continuous steps.
While the torch heats a small area of metal to a
cherry-red color (about 1,500 to 1,600°F), a small

stream of pressurized oxygen is directed from a
central tip within the torch against the hot metal.
The stream of oxygen causes the metal to “burn”
rapidly and the metal separates as the torch is
moved along the line of the desired cut. There
are many different cutting tips and they can be
used to influence the size, speed, and accuracy of
the cut. A special plate-cutting, drag-step tip can
cut steel plate from % to Y4 inch (3 to 6 mm) thick
with precision at the rate of about 2 feet (61 cm)
per minute. The resulting cut using this tip
will be between Yis and s inch (1.5 and 4.5 mm)
wide. Using this equipment is something of an art
form, and considerable experience is required to
achieve the type of fine cutting that is required
when plating your hull.

The main drawback is that torch cuts are
rough around the edges and usually need some
cleaning up before they are suitable for welding
to other parts. You should avoid the disgusting
habit of some low-cost builders who plate the
hulls oversize and simply torch off the overlaps
at the chine. The oxyacetylene torch can also be
used for some specialized welding operations, but
for boatbuilding it’s better to use the other equip-
ment discussed below, such as arc (stick), metal
inert gas (MIG) or tungsten inert gas (TIG)
welders (see Chapter 5). Reserve the oxy equip-
ment for cutting where precision is not required.

Angle Grinder

You should buy the best-quality angle grinder you
can find; it will get a lot of use. This is a much-
used tool in boat construction and can perform a
variety of jobs, ranging from cutting lengths of flat
and round bar to smoothing out the edges of
torch-cut plate. You can use this tool to bevel
thicker plates by grinding off the excess metal be-
fore welding. Fitted with wire brushes, it can be
used to clean off rust, mill scale, and weld splat-
ter. Another use is to smooth off the welds on the
hull topsides and superstructure. (Take note,
though, that we, along with most classification so-
cieties, do not recommend grinding welds below
the waterline.)

When you fit your angle grinder with a spe-



cial wheel, it can be used to cut the slots in the
frames to accept the stringers. Another use is to
make many small cuts in metal bar. This feature
is useful for making frames, snaping the ends of
stringers, and similar tasks. Don’t use your grinder
for heavy-duty cutting; the grinding/cutting
wheels don’t last very long. For instance, when
you use it to cut Ys-inch (3 mm) plate, you can ex-
pect to get only about 12 to 15 feet (3.5 to 4.5 m)
from a single blade. When you use it for cutting,
consider your angle grinder to be more of a con-
venience tool than a fully fledged cutting device.
Buy a 7- to 9-inch (178 to 228 mm) heavy-
duty, commercial-grade angle grinder. Make sure
it has heavy-duty switches and a high-efficiency
cooling fan. Don’t order this item by mail. You
need to hold the grinder, see how it balances in
your hands, and feel the weight. You’ll be holding
this tool for many hours, so make sure it feels
right if you want long and trouble-free service.

Nibbler

A nibbler will cut thinner plate, but it’s an expen-
sive tool, especially considering its limited use on
most boatbuilding projects. You could rent one if
you really find it useful. This tool is like a pair of

electric scissors, and it slices through thin metal
by taking small nibbles, hence the name. The
nibble is an up-and-down punching action and
makes a cut about ¥ inch (6 mm) wide. When it’s
used by an experienced operator, this tool can
produce a smooth cut with clean edges. The cut-
ting rate will vary, depending on the thickness of
the metal, but on Y%-inch (3 mm) steel it can cut
about 2 to 4 feet (60 to 120 cm) per minute.

Plasma Cutter

A plasma cutter is ideal for cutting plate and other
steel and metal sections, so rent or buy the best
you can afford. This device cuts without distor-
tion and can be used to trim plates in position.
In the hands of an experienced operator, the
plasma cutter produces a clean, sharp cut with-
out any sign of distortion. The cutting action is
very fast, and steel plate up to ¥is inch (8 mm) in
thickness presents no problems for this device. It
is not suitable for aluminum, however. The nar-
row cut of Y-inch (3 mm) makes for neat and ef-
ficient cutting. Be forewarned, however, that the
plasma cutter uses a fair amount of electricity, and
the cutting tips do not have a long life. This tool
is especially suited to cutting plate, and it finds

b

This radius-chine Roberts 434 was built by Topper Hermonson in Florida. This boat has cruised extensively, includ-
ing a complete circumnavigation and several Atlantic crossings.



angle and other shapes something of a problem,
so alternative cutting methods should be used for
those sections.

In the United States, Hypertherm manufac-
tures the portable Powermax600, which, it is
claimed, can cut all metals up to % inch (16 mm)
thick.

TOOLS FOR ALUMINUM
BOAT BUILDING

You can usually cut aluminum either by sawing it
or by shearing it. For straight cuts of material up
to ¥ inch (6 mm) thick, you can use the same
power guillotines used for cutting steel. Remem-
ber to replace the holding-down pads with plas-
tic ones that won’t mark the softer aluminum. Pay
particular attention to keeping knives sharp;
blunt cutters will burr the edges of the metal.

Nibblers can be used to cut aluminum up to
inch (6 mm) thick.

Band Saw

A deep-throated band saw fitted with a narrow
(say Y:-inch or 12 mm) blade will be capable of
cutting a wide range of thicknesses. The band saw
should be set to run at 2,000 to 5,000 feet (600
to 1,500 m) per minute; the slower speeds will be
needed for the thicker plates. A band saw with
variable speeds is preferred, but the older heavy

Many tools you'll need for building in metal can be made or
converted from other uses; wedges and steel dogs like these
will find many uses.

types used for cutting timber are satisfactory.

Table Saw

For cutting straight lines, a regular table saw fit-
ted with carbide-tipped blades will give perfect
results. Be sure to provide lubrication with a
kerosene-oil mixture or suitable vegetable oil;
this will make the cuts easier and also increase the
life of the blade. A portable jigsaw can also be
very useful for making on-the-job cuts. Remem-
ber, a spray of lubricant will make the cutting go
easier for most tools.

Power Handsaw

A hand power saw or Skilsaw can be a most use-
ful cutting device when working with aluminum.
Fit your saw with a special blade designed for cut-
ting this metal. This blade will have a tooth face
rake angle of zero degrees. If you use a guide
clamped in position, you can make long straight
cuts with this saw. For cutting sheet or framing to
length, and in fact for almost all shell and frame
cutting, this is a most versatile tool. Treat the hand
power saw with utmost respect; the chips thrown
off the sawn material are not only hot, but also
sharp. Always wear a full-face mask when working
with this tool. Make sure that the remainder of
your body is suitably protected from flying chips.
Use kneepads if you’re kneeling while operating
this saw. You'll need to take extra care when you're
cutting %1-inch (4 mm) or thinner plate;
the blade will tend to jump out of the cut,
especially at the beginning. It’s best to do
a plunge start just inside the first part of
the cut. This allows the blade to enter the
material along the line of cut, and can
avoid the kickback.

Router

You'll find a router fitted with a single-
flute, carbide-tipped cutter useful for cut-
ting uniform holes such as lightening
holes. You'll discover that this tool has
many uses in the building of your alu-
minum boat. As with all powered equip-



ment, though, it has to be handled with care.
A small electric router, or an air-powered
one, is usually used for gouging out the back
of welds or removing contaminated ones.

Planes

Planing is possible with either a carpenter’s
hand plane or an electric hand planer with
carbide-tipped cutters. Any edge can be
planed, and this is a useful feature where a
sawn edge would show on the finished boat
and planing will provide a superior finish.
A plane can also be most useful in beveling
the edges of plate.

Press Brake

For forming aluminum, hand folders will
handle the thinner gauges, but for serious
bending you need a press brake with a bed
of about 8 feet (2.4 m). The press brake is a
strong, hydraulically or mechanically powered
forming machine used to crease or bend metal.
"This machine comes in a variety of sizes and is
found in most professional metal shops. The ben-
efit of using this machine is that it can reduce the
number of welds required. For instance, a cock-
pit bottom and sides could be formed in one piece.
If you’re building a one-off aluminum boat and
you don’t own a press brake, you’ll need to find a
subcontractor to handle this work. Never forget
that when you’re building in aluminum it makes
sense to take advantage of the easier handling of
this material. Forming up large multisurfaced
parts by bending sheet into various angles can save
a lot of welding and grinding.

Plate Rolls

Bending rolls are used to form plate into a per-
manent curve and can be operated by hand or
power. A typical roll consists of two lower power-
driven rolls and one adjustable upper idler roll.
As the shape suggests, this type of roll is called a
pyramid roll and is widely used in building round-
bilge boats. The method of operation is that the

Pieces of metal tacked and stitched across a join in the plates
can help you produce a fair seam weld.

metal is inserted between the upper roll and the
lower two rolls. By adjusting the pressure on the
upper idler roll, you can vary the resulting amount
of curvature in the plate. Although these rolls op-
erate at slow speeds, remember that loose clothing
or carelessly placed limbs can get caught. This
could be extremely dangerous especially in the
power-driven versions.

Explosive Forming

This method has been used to form various alu-
minum shapes including boat hulls. Briefly, the
process consists of making a concrete or steel
mold and using explosives to force the metal into
the correct shape within the mold. This method
was used in the United States as far back as the
1960s and in Australia as recently as the late
1980s. As with many other exotic building meth-
ods, government money (taxpayers’ dollars) was
used to pay for these experiments. The process
proved not to be cost effective, however, so ex-
plosive forming has passed into history. We in-
clude it here because occasionally a client will in-
quire about the viability of this method.



It is beyond the scope of this book to teach you
how to weld. I’'ve included suggested uses of var-
ious welding equipment and actual welding tech-
niques to show what is involved, not to teach you
the art of welding. If you’re not already a profi-
cient welder, and you intend to undertake this
work yourself, you should seek instruction and
advice from an appropriate local source. There
are many full- and part-time teaching institutions
where the craft of welding can be learned from
experts.

Nevertheless, if you’re a complete beginner,
you might find it easier to understand this book
if you know a few basic details about welding.

First, when metal is heated to the melting
point for welding, it distorts. So most metal boats
are not welded continuously. They are mostly
tacked together with small, intermittent welds at
intervals. The exception, of course, is the plating
of the hull, decks, and superstructure, which must
be absolutely watertight. Tack-welding is per-
fectly strong. In fact, too much welding locks in
the stresses caused by distortion, which can actu-
ally make your boat weaker. Typical tacks are 2
inches long and spaced at 10-inch intervals, but
your plans and/or kit assembly text will give you
precise instructions. We now recommend that
you tack-weld the entire hull before running any
final continous welding. When assembling kits,
you should tack-weld the hull, deck, and super-
structure before any final welding.

Tack-welds are usually laid down in two
ways, a chain weld or a staggered weld. If you were

welding a vertical plate to a horizontal plate, you
could lay down tack-welds along one side of the
join, and then back them up with identical tack-
welds on the exact opposite side of the join.
That’s a chain weld.

Alternatively, you could lay down tack-welds
along one side of the join, and then space other
tack-welds alternately on the other side, not
backing up the original welds, but falling in be-
tween them. That’s a staggered weld.

In boatbuilding, you’ll need two basic types
of welds. Butt welds join material end-to-end.
Right-angle welds, as their name implies, join two
pieces of metal touching at right angles, or nearly
so. The bead of weld laid down in the right an-
gle is known as a fillet. Heavy plates are usually
ground off at an angle of about 45 degrees on
each side where they join, and a V-groove weld
replaces the simple fillet weld.

To control distortion of the metal during
welding, you have to lay down your welds in the
correct sequence. For instance, if you tried to
butt-join two steel plates by starting at one end
and working straight across, you’d find the plates
spreading apart as you did so. There would be a
large gap between them by the time you reached
the far end. So you have to start with a tack-weld
in the middle, then alternately lay down other
tack-welds to the left and right of the center. It
also helps to alternate the direction of your weld-
ing each time. This is known as back-step welding.
It’s a very important principle, and one that’s fol-
lowed throughout the building process on a larger



scale. Thus, after you’ve welded a frame to the
shell on the port side, your next move would be
to weld a frame to the shell on the starboard side.
And, of course, you’d start in the middle of the
boat and work outward toward the ends.

At this stage, you don’t have to worry about
what kind of weld goes where. Your plans and or
building instructions will tell you where to use
the various types of welds.

ARC WELDING

You can use arc welding for steel construction.
In this method, an electrode is used to create an
electric arc that melts the metal to be welded.
The electrode is a metal rod that simultaneously
produces the arc and is melted to contribute filler
metal for the joint. There are many different
types of arc welders, and it’s difficult to decide
which one to buy. It’s important to make sure that
the welder has sufficient capacity for your project.
Don’t make the mistake of buying a welder that’s
too small. The difference in price between a
welder of adequate capacity and one that is un-
derpowered for your job won’t be great, but your
irritation certainly will be enormous if you make
a mistake and buy a lightweight machine that is
not up to the job.

If you’re building your boat on a nonindus-
trial site, you'll need a welder that will run off your
normal domestic electricity supply. In the case of
the most powerful machines, a higher input volt-
age will be required, but with good fortune on
your side you should be able to obtain a suitable
machine to run off the local power source.

Welder Amperage

You must consider the output rating of the
welder, which is measured in amps. The higher
the amperage, the thicker the plate that can be
welded by that machine. The thickest plate you
are likely to be using will be in the order of /s inch
(10 mm), and this thickness can be handled by an
arc welder with an output rating of 140 amps. If
you are using thicker plate, say for the bottom of
the keel, you can manage by beveling the edges of

the thicker plate and using more than one run of
weld. You may think that because your plans call
for Yis-inch (4 or 5 mm) plate that you can get
away with a welder that puts out only 110 amps.
Don’t be tempted. As a minimum, choose be-
tween a 140- and a 200-amp machine.

Arc welders of greater than 140-amp capac-
ity cannot be run from the normal 15-amp do-
mestic supply, so you’ll need an alternative sup-
ply. If possible, you should try to arrange a
30-amp input supply. Heavy-duty supply is ob-
tainable in the United States by way of the three-
phase wiring supplied to domestic washing ma-
chines and electric dryers. No matter where you
are planning to build or undertake a major refit
on a metal boat, you will need to ensure an ade-
quate power supply of the correct voltage and
amperage for your particular needs.

The maximum input required can usually be
obtained from the welder instruction manual and
is often quoted in kilovolt-amps (kVA), which
equals 1,000 volt-amperes times a power factor of
0.8. For example, the amperage calculation for a
140-amp welder with a maximum input of 4.2
kVA at 240 volts would look like:

V X A X 0.8 = kVA
240 X A X 0.8 = 4,200 VA
A=22

So, in this case, a 25- or 30-amp input sup-
ply is recommended. Some better-quality welders
can be run at varying input voltages; this feature
may be appreciated when you consider the volt-
age drop resulting from a long lead. As part of
your selection of the boatbuilding site, you
should consider this possibility and make al-
lowances for any deficiencies in the power supply.
A voltage meter can be used to test the voltage at
the actual location where you’ll be operating your
welder. A 10 percent drop in voltage could put
paid to a successful welding job. Input wires will
need to be heavy, and a single run of cable is best
because joins at outlets and sockets can result in
a considerable voltage drop. As mentioned above,
the alternative is to equip yourself with a welder
that will accept varying voltages.



While we’re on the subject of leads and ca-
bles, you’ll find that the output cables supplied
with your welder will seldom be long enough for
your type of work. You’ll most likely have to re-
place them with longer leads. Make sure the re-
placements are of good quality and thick enough
to carry the loads without an accompanying and
unwelcome drop in power. The earth clamps are
usually spring-loaded. You may find it advanta-
geous to replace them with the threaded-clamp
type, which has a more positive grip. Also along
the same lines, your electrode holder will most
likely be spring-loaded; be warned that it should
not be too heavy. The many hours you will spend
welding can put a strain on your wrist and arm.
This is especially so if this is your first major all-
welded project. A little weight saved in the holder
can make all the difference.

Air or Oil Cooled

Arc welders come in two main types, air cooled or
oil cooled. Oil-cooled versions have are capable
of long continuous usage without overheating,
which means that they have much longer working
lives than air-cooled arc welders. Even if you're
building only one boat, you may want to take
your welder with you when you go cruising as a
means of earning additional funds. Oil-cooled
welders also have a higher resale value. Against
these advantages, you’ll find that oil-cooled ver-
sions are much heavier and need to be stowed
with care as the oil can drain out of the vents if
the unit is not kept upright.

Air-cooled versions are about half the price
of oil-cooled welders, so you’ll need to make your
own value judgment. This is only one of many you
will be making throughout your boatbuilding pro-
ject. Make sure the unit you select has some form
of automatic thermal cutout, so that if it overheats
it will shut down before it self-destructs. Summer
and winter temperatures will have an effect on the
amount of time you can use your air-cooled
welder before you have to take a rest and let it cool
down. If there’s more than one person welding
and using the same unit, extra thought will have to
be given to the selection of a suitable unit.

On some of the better air-cooled models,
you’ll find a dial to control the amperage setting.
"This works throughout the output range, and this
choke control can be handy when you’re tackling
a variety of welding conditions. A proficient
welder can tune the output to suit the job at hand.
Finally, no matter what type of arc welder you
choose, don’t buy a cheap unit; it’s unlikely to re-
main in working condition long enough for you
to complete your boat.

Electrodes

Although electrodes are consumables, rather than
tools, it seems practical to include them here with
arc welders. There’s a wide range of electrodes
in all appropriate materials. In some cases, there’s
more than one type of rod available to suit a par-
ticular job. You’ll need to undertake some exper-
imentation to find the rod that gives you the best
results. The choice of electrode will be governed
by the sequence of the work, your welding posi-
tion, the equipment powering the electrode, and
of course, the material you’re welding.

The electrodes must be compatible with the
base metal. The low-hydrogen variety is recom-
mended for better quality and a stronger weld.
This type reduces porosity and prevents hydro-
gen embrittlement, which causes hairline cracks.
Porosity would allow water to pass through the
weld and promote corrosion as would the cracks
caused by hydrogen embrittlement. Although I
do not feel that is necessary to dye test every
weld, it is important to make sure that you don’t
rely on filler to keep the elements out of your
boat.

There is some disagreement between vari-
ous experts as to which rods, electrodes, or con-
sumables (these terms mean the same thing) are
best for a particular job. You may need to study
this subject and seek local advice from suppliers
and those more experienced than yourself. Run-
ning practical tests with different types of rods
will often assist you in choosing the correct rods.

Low-hydrogen electrodes require a little
more skill on the part of the operator. Avoid elec-
trodes that are promoted as high-speed, single-



Mild Steel

E6010: A good beginner’s rod,
use in all positions for general
applications; good for tacks;
will give good penetration, flat
beads, and light slag.

E6011: A good beginner’s rod;
OK for all positions; can be
used on galvanized steel;
produces light slag.

E6012: A general-purpose rod
for all positions; moderate
penetration, medium slag,
recommended where fit is

Table 5-1. Welding rods.

Low-Hydrogen Mild Steel

E7014: Can be used in all
positions; produces medium to
heavy slagand is useful for high-
speed work.

E7024: Especially good for
down-hand welding and fillet
welds; high speed but produces
very heavy slag.

E7018 AC: An AC electrode that
produces little slag and can be
usedon either low-, medium-,
or high-carbon steels.

Special-Purpose Rods

E9018s: For high-tensile steels,
medium penetration, low hydro-
gen, and porosity; often used for
weldingcastings, fittings, and pipes.

E308, E309, E310, E312, E316,
E317, E320, £330, E347, and E410:
Are all for welding stainless steels.

poor.

E6013: Another rod
recommended by some
builders.

heavy sections.

E6020: Use for flat and
horizontal positions; ideal for —
single-pass, deep-groove welds.

Note: All of the above 6xxx

series electrodes are subject —
to hydrogen embrittlement.

pass types; they produce a weld that has low duc-
tility and should not be used in important parts of
the boat. If you are building “to survey,” or to
pass U.S. Coast Guard inspection, then certain
rods may be required. Check this out if you are
building to a classification society rule, or under
similar circumstances. No matter what rods you
are using, you must store them properly. Ensure
that the rods are kept in their sealed packets, dry
and free from all contaminants.

As this book covers boats built all over the
world, it’s difficult to recommend specific brands
and part numbers of welding rods for specific
purposes, so please use the rod numbers shown in
the table only as guides. When you’re fabricating
a steel boat you’ll be using mild-steel rods, but it
may be useful to have a few gouging rods on
hand. They let you cut plate with an electric

E7028: Can produce X-ray-
qualitywelds; a very fast rod that —
ispreferred for welding very

welder, and although this will not, and should
not, be your common cutting method, there may
be times when these rods will come in handy. To
use gouging rods for cutting, the plate is heated
using high amperage, then the rod is pushed
through the plate and drawn along the desired
line, thus effecting the cut—and a surprisingly ac-
curate one.

If you are not already familiar with the terms
slag, flat beads, fillet welds, etc., that appear in this
chapter, please refer to Appendix 2 for a complete
glossary explaining these and other welding and
boatbuilding terms.

For North American readers, the table
shows details of a few of the more popular rods
and their uses. Note that each number in the let-
ter designation has a special meaning. For in-
stance, the E signifies electric welding; the first



two numbers relate to tensile strength, and the
next number shows the welding position. One
equals all positions, and the final number signifies
the special manufacturer’s characteristics. Unless
you already have considerable welding experi-
ence, make sure to seek local advice.

MIG WELDING

Because aluminum is more reactive than steel, arc
welding doesn’t provide enough protection
against contamination. In many cases, aluminum
boats are built using metal inert gas (MIG) weld-
ing, in which an inert gas such as argon is blown
over the surface to shield the weld and prevent
oxidation. MIG welding is fast and has the low-
est distortion of any method; it can also be used
to weld steel and copper-nickel. With the avail-
ability of less-expensive machines, this method is
becoming more popular for metal boat construc-
tion. The electrode for MIG welding consists of a
thin continuous wire led from a spool. Many
welders claim that this type of welding is easier
to learn than arc (stick) welding, and since better
results can be achieved you should give this sys-
tem serious consideration.

MIG welding machines operate on DC cur-
rent and can be adapted for use underwater. The
usual output is between 200 and 300 amps, which
is sufficient for most operations. The dials on the
machine are used to set amperage and wire speed.
An easily handled gun is used to feed the wire and
deliver the current.

There are many advantages to MIG weld-
ing, including a smaller (and consequently lower)
heat-weld puddle, low distortion, and a slag-free
bead. Its main disadvantage is its higher initial
cost, but less-expensive machines have recently
appeared on the market. As with the better-qual-
ity, higher-priced arc welders, you can recoup
more of your investment if and when you decide
to sell the equipment. MIG can be used to weld
stainless steel to mild steel, a common require-
ment when building a good-quality metal boat.

Generally, the standard equipment as pur-
chased has only a 12-foot (3.66 m) main lead to
the gun. You can overcome this by rearranging

the equipment so that you can use the gun with
the machine up to 50 feet (15.24 m) away from
the main unit. With all gas-shielded welding you
must ensure that the workplace is free of air
movement, including wind. This almost makes it
mandatory that you are in a fully enclosed work-
place when using MIG equipment.

The MIG welding filler wire comes in rolls
of two readily available sizes. The smaller roll,
generally about a 1-pound (450 g) spool, is de-
signed to fit on the special gun. The larger, 10-
pound (4.5 kg) spool runs off the normal wire
feeder. The smaller spools are much more expen-
sive but some builders consider the convenience
outweighs the extra cost.

TIG WELDING

In tungsten inert gas (TIG) welding, an alternat-
ing-current (AC) or direct-current (DC) arc is
struck between a nonconsumable tungsten elec-
trode and the material being welded. The filler
rod is fed independently. Flux coatings are un-
necessary, as the arc itself cleans the electrode and
the weld, and a shielding inert gas prevents reox-
idation. The operator has control of the amount
of heat and wire feed and has better control of
penetration than is obtainable with MIG or other
methods.

TIG can be used to fabricate aluminum as
well as steel and copper-nickel. However, for var-
ious reasons, including cost and degree of diffi-
culty, it’s often the last choice associated with
boatbuilding. TIG is favored for unbacked joins,
where welding is possible only from one side and
where good penetration is required. Where com-
plex welding is needed, it’s possible to make some
passes with TIG and complete the job using MIG.

WELDING STEEL

The great advantage of welding is that the weld
has the potential to be stronger than the materials
it joins. Make sure your welds always fall into this
category. Good welding requires proper prepara-
tion, correct weld joints, careful use of welding po-




sitions, correct weld size, and perfect root. Inade-
quate root penetration, the presence of slag, poros-
ity, and cracking are common faults. When you’re
using arc welding, you’re more likely to have these
problems and you’ll also find it harder to control
these faults. MIG welding, with its shielding gas,
will give you a cleaner and stronger weld.

Cracking is caused by excessive local stress
brought about by improper conditions such as
voids, not enough allowance for shrinkage, and
rapid cooling. This latter problem can occur in
colder than usual weather. Poor or inadequate
back gouging can also result in cracks appearing
in an otherwise healthy weld. Preventive mea-
sures include preheating to slow down the cool-
ing rate, back-step welding, and the use of low-
hydrogen electrodes.

Slag trapped in the weld consists of non-
metallic material separating the weld metal from
the base metal. It’s the result of improper location
of the weld, inadequate cleaning, or chipping of
slag from previous passes of weld. It’s virtually
impossible to eliminate this problem altogether,
but there must be no more than a minimal
amount of foreign material in the finished weld.

Porosity is the result of improper welding
current and length of arc. Low-hydrogen elec-
trodes require a relatively high welding current
and a short arc. Porosity can be found in the base
metal itself, so carefully examine your materials
for this and other defects.

Light steel plate of % inch (3 mm) thickness
should be spaced with a gap similar to the thick-
ness. The %is-inch (4 to 5 mm) plate will need to
have its edges beveled at around 30 degrees. In
the heavier plates, where the 30-degree V-bevel is
required, you’ll need to make one or more passes:
one or two outside the V, and one inside to com-
plete the weld. This should not be done consec-
utively; to avoid excessive heat and the resulting
distortion you must use intermittent welding
techniques.

When you’re welding steel plates whose
edges fall on a longitudinal stringer or chine bar,
you can weld them more robustly than you can
weld other thin plates that merely butt against
each other. In any case, plates should be welded
from both sides; as with all rules there are excep-

tions to this one, but keep them to a minimum.
Each weld must fully penetrate the joint. Where
plates fall on a stringer or chine bar, they should
either be spaced or beveled, depending on thick-
ness, so that the weld achieves good penetration
from the single side that is available for welding.
You should weld plate butt joints—and plates to
stringers and chines—with staggered welding
techniques, using short staggered passes and then
returning to fill in the spaces.

We don’t recommend overwelding the
frames to the plate but you may weld using (max-
imum) 2-inch (50 mm) long welds on 8-inch (200
mm) centers. Overwelding the frames to the plat-
ing will surely spoil the fair line and overall ap-
pearance of the finished hull.

Where the plates butt together, they should
be joined vertically. Any one of several techniques
can be used to keep a fair line in the plating at
the join. One way is to assemble and tack-weld
the plates into longer lengths on the shop floor.
Be very careful when you’re fitting these long
plates; you need proper lifting equipment to han-
dle them safely.

WELDING ALUMINUM

To weld aluminum, you need MIG or TIG
equipment. In the case of MIG equipment, a spe-
cial gun is required. Argon or oxygen, rather than
the less-expensive carbon dioxide must be used
as the shield when welding this material. Even if
you only plan to use your MIG or TIG equip-
ment for welding steel, it’s worth considering the
possibility of later using it to weld aluminum. For
this reason alone, do not stint on quality, when
purchasing your welding gear.

Experts who work with aluminum on a daily
basis often disagree about the merits of MIG and
TIG. If you have only minimum experience in
handling this metal, you should seek advice lo-
cally. If you have no previous experience in work-
ing with aluminum, then you should either build
in steel or seek professional help with the weld-
ing. You can solve a lack of experience in handling
aluminum by acting as your own laborer while
you hire an expert to undertake the welding. You




ADVANTAGES OF A KIT

You can get your boatbuilding project off to a
great start by using a precut steel or aluminum kit
for any metal sailboat or powerboat. Modern kits
contain accurate precut parts that you can easily
assemble into a complete hull, deck, and super-
structure. The latest computer software allows the
designer to model the boat so that extremely accu-
rate computerized files can be prepared to direct
the cutting machines. These files contain all the
information to facilitate computer-controlled cut-
ting of all the metal parts for your boat. It may not
interest the average builder, but a huge amount of
work is required to turn a boat plan into a cut-to-
size boat kit. Every part has to match that of its
neighbor exactly, the slots need to be in the correct
locations, and everything must fit together per-
fectly. All this is necessary to enable you to com-
plete the assembly of the hull, deck, and super-
structure with the minimum of problems. We’re
always amused when we receive a request from an
uninformed customer that goes something like
this: “By the way, now that I have the plans for
your design, just send me the cutting files.”

DESIGNING AND CUTTING
PRECUT METAL BOAT KITS

Many of you may be surprised that it’s not possi-
ble to take a regular boat plan—even one that is
already prepared using the latest computer-aided

design techniques—and use it for automatic com-
puter-controlled cutting. There are many steps
between creating the original design and having
the boat cut out on a computerized plasma-
oxygen cutter. If a particular design is to be sold
as a precut steel or aluminum hull, deck, and su-
perstructure package, then this should be decided
atan early design stage. Some designs can be con-
verted, but it is preferable to start with automatic
cutting in mind.

The main steps in preparing a new design
for a boat that is destined to be cut out by a com-
puterized plasma-oxygen cutter is as follows. It is
usually the customer who gets the process started
by contacting the designer with a brief outline of
what they have in mind. Further correspondence
quickly establishes the client’s wish list, which
usually includes things such as type and style of
boat, intended usage, and overall length and
beam. Draft limitations should be specified at this
stage.

Accommodation requirements, including
the number of regular crew versus occasional
guests, should be defined. Speed requirements
are important, as is the client’s attitude to fuel
costs. This list may need some refining since
some elements may conflict with one another.
The communication ensures the client ends up
with a boat that meets most if not all his or her
desires and overall requirements. So far the
process is very similar to what would be followed
no matter which material or building method was
used to construct the vessel.



-
I
Pt ¥ 1

SCE 1306 6090x1520x3 PLEE TY4IC

il

SCE 1308 6090w1520x3 PLED TY4IC

==t 17

SCE 1308 6090s1B28x3 PLIS TY4IC

-

3CC 1208 09%0=1828x3 PLIG TY4.

S s |

T

{ ot ek
=F { i

SCE 1208 609%0x1320x3 PLES TY4IC

s

P

SCE 1308 6090x1320x3 PL6 TY4IC

SCE1308 6050x182!

x6 PL3I9 TY43C

s

.-y

{

- ]

SCE 1308 60S0w1828x3 PLIY TY4IC —_— 1
SCE 108 6090w1828x3 PL2T TYAXC

ad . - iy { J |

— I | we | | L=

B28xd  PLO4 TY4IC

— T

H
A i
- el
LE 1308 6090x1828x4 PLOG TY4IC
—r T —

SCE 1308 6090x1828x4

| i

SCE 1308 6090x1B28xd
——

=l

SCE 1308 609%0w1828x3 PLIL TY4DC

SEsEE=
|

SCE 1308 6090w1828x4  PLOG TY43C
-+

f BEER| ==

SCE 1308 6090x1B28x4  PLES TY4XC

e el B

L

SCE 1308 6090w1828xd  PLID TY43C

T T

---j

T TCSTIgE-T T T
! : TSTIEE
%@1 L N LY e L

Nested plate drawing. Note the number of sheets and the detail and number of the parts.




The client and designer then enter into whatcan be
a simple agreement where the designeragrees to
prepare preliminary plans for the pro-posed vessel
for areasonable (a relative term!) fee.In our office
the preliminary plan includes linesplan, general ar-
rangement drawings (consistingof exterior profile,
deck plan, accommodationprofile, and plan views),
plus sufficient calcula-tions to ensure that the fi-
nal design can meet theclient’s requirements.Before
a preliminary plan is produced, thedesigner pro-
duces a 3-D computer-generatedmodel of at least
the hull of the vessel. Once thepreliminary plans
are completed and both the de-signer and the cli-
ent are satisfied with the overallconcept and lay-
out of the vessel, complete plansfor the vessel are
prepared.Next, a comprehensive 3-D computer
modelis completed that includes all parts of the
hull (in-cluding transom, keel, and rudder), all
decks,cockpits, a complete superstructure, main
inte-rior bulkheads, and any other features such
as aflybridge, radar arch, and exhaust stack.

Specialitems such as transom steps and other simi-
lar fea-tures are included in this model. Depend-
ing onthe complexity of the design, this process
can takebetween 500 and 600 design man-
hours.From this model, all the salient hydrostat-
ics—such as detailed weight calculations to en-
able material requirements and final displace-
ment—are calculated. Stability calculations
arealso made at this time. During this process, fine-
tuning of the model can be undertaken to makesure
that the finished vessel will be match the clients
requirements.

The final model, which includes all the scantlings
(such as transverse and longiditunal framing, sole
bearers, deck beams, and engine beds). This team
separates out all the parts for the frames, stringers,
engine beds, bulkheads, hull, deck, and
superstructure plating, etc., and adds notches to
the frames and bulkheads before nesting the parts
on plates.

The design team numbers each item and draws
reference lines on each part to represent frame
locations, etc. (the numbers help builders identify
each part, and the lines are used during the
assembly process to locate frames and other
structural members). The designer then works out
a path for the computerized plasma-oxygen cutting
machine. The path is the point at which the cutter
enters the plate and starts cutting the parts. [t must
make sure the parts are cut in the correct order.
For instance, if a window has to be cut from a cabin
side, then the window aperture must be cut before
the larger cabinside part is cut; otherwise any
movement in

the cabin side after cutting could cause the window
to be cut in an incorrect location. Several sheets of
assembly drawings are now prepared. For instance,
each frame is shown separately with all parts
clearly numbered, and measurements are given to
assist in welding up the frames. Other drawings
show how to set up the building jig supplied with
the kit.

The location of every part that forms the completed
hull, deck, and superstructure is shown in the
various assembly drawings supplied with the kit.
Finally, all the parts are listed in a spreadsheet
program and checked against the drawings and
cutting files.

Another designer is simultaneously working on the
engineering drawings for the engine room layout.
Battery placement, drive train and bearing location
and sizes, exhaust system, fuel tank sizes and
placement are shown in these drawings.

Of course, all of the above steps have to be carefully
checked and the whole design package coordinated
before the cutting files are released to the client
(to have the kit cut locally) or sent to the cutting
shop that produces our kits. In terms of investment
we figure that each set of cutting files costs us
between $50,000 and $100,000 but fortunately



a large part of the cost as investment against fu-
ture kit orders.

The size of readily available plate varies
from country to country, so sometimes it is nec-
essary to renest the cutting files so they fit the
available plate stock. Renesting may be also re-
quired if the size of locally available cutting tables
is less than that of the equipment used to cut the
first kit. Fortunately it only costs a fraction of the
original expenditure to renest the plates to any
convenient size. As you can see from the above,
the amount of careful and intense work required
to turn a existing or new plan into a set of cut-
ting files far exceeds the expense in creating the
original design. It’s only possible to justify these
costs if a firm can expect to market several kits of
similar design. Often, cutting files for a particu-
lar design can be made in such a way as to give
several customers the custom items they desire.
Some custom items are relatively easy to incorpo-
rate in the cutting files, while other more-com-
plex changes require redesigning the basic boat
and remaking all the cutting files.

The metal-cutting shop uses the numerical
code (NC) cutting files to produce your kit. The
kits are cut from preshotblasted and primed steel
(or aluminum) and are delivered ready for easy
assembly by any competent welder. The primer

Lug e 1

used on the steel kits is especially formulated so
that it doesn’t give off harmful fumes as you weld
the kit together. This primer doesn’t burn off on
the reverse side of the metal in welded areas. It’s
truly a remarkable coating used to protect the
steel until additional paint is applied.

The parts are all nested, including all of the
hull, deck, and cabin plating. You can easily assem-
ble the hull, deck, and superstructure. All you have
to do is to match each part to the special assembly
plans you receive with the kit. Whether you decide
to purchase cutting files and have the kit cut locally
will depend on your location. For instance, due to
the availability of excellent cutting facilities in the
Netherlands, most customers in Europe opt to or-
der a precut kit as opposed to cutting files. Con-
versely in countries with a high steel import duties,
such as Brazil, then cutting files and plans can be
purchased on a CD. The kit is then cut locally.

In our own case we have exported complete
cut kits to the United States, Canada, Philippines,
Russia, and many other countries, including al-
most all of Europe.

The tack-and-weld method described below
is in many ways similar to the stitch-and-glue
procedure used with plywood. It’s a practical and
economical way to get your boatbuilding project
off to a great start. You can achieve a professional
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Computer-controlled automatic cutting machines can cut a complete 50-foot (15 m) boat in about 12 hours, but
hundreds of expert operator hours are required to prepare the cutting files on computers.

result, especially if you already have some weld-
ing experience. If you lack welding experience,
then any local person with suitable welding
knowledge can help you assemble your kit. Of
course, many thousands of boats have been built
from a set of plans and frame patterns, so if there
isn’t a kit that meets your requirements, building
from plans is the way to go. Nonetheless, if you
can afford a kit, you’ll have a hull in the least time
and this alone may justify the modest additional
expense. The resale value of your boat will be en-
hanced if you can show that the hull was built
from preshotblasted, primed, and computer-con-
trolled precut metal parts.

Steel Kits

In high-quality kits, all steel plates are shotblasted
and primed with a zinc-rich primer before cut-
ting. Cutting of plates is carried out with com-
puter-aided lofted surfaces on an NC-driven
plasma-oxygen cutting machine with a maximum
plate size of 82 by 10 feet (14 by 3 m). The best
material is Lloyd’s-approved, “A” grade, “ship-
building quality,” or the equivalent.

The kit includes a setting-up jig as well as
detailed assembly plans. All required steel profiles
are also shotblasted and primed with a zinc-rich
primer. Kits are constructed from the steel prod-
uct specifications mentioned above.

Normally, all the plate material is supplied
as a flat pack with marking lines engraved in
the plate surface (a zinc line) and part numbers
painted on the surface. The maximum size is usu-
ally 19 feet 6 inches, by 6 feet 6 inches (6 by 2 m).
All steel profiles are supplied in sufficient length
to ensure the minimum number of joints in the
plating. All parts that require forming or bending
are supplied already formed to the correct shape.

Those who prefer aluminum as their basic
building material will be pleased to learn that kits
are available precut from marine-grade materials.

GETTING STARTED

The first thing to realize is that the kit differs in
many ways from the methods you would use to
build a metal boat from scratch. The kit is far su-
perior to anything you could achieve by starting




Bottom plates, supported by jigs, are in position ready to re-

ceive the first frames. Note preassembled frames at rear.

with the plans and a delivery of raw steel plate
and profile bars.

Most metal boats built from scratch are built
upside down; boats built from cut-to-size metal
kits are built upright. Not only is this a more ap-
propriate way to assemble the kit, it also saves the
cost and inconvenience of having to turn the hull.
And here’s one very important piece of advice:
You must tack-weld the complete bull, deck, and su-
perstructure together before you run any final welds.

If you don’t follow this advice, you’ll almost
certainly end up with an un-fair boat requiring a
considerable amount of filler. In any case do nor
overweld or try to run long welds at one time.

Your kit may arrive on a flatbed truck orin a
container. Kits are normally packed on pallets
and can be lifted off the transport by a small
crane, front-end loader, or similar equipment.
Provided your kit is on a pallet, you may find it
more convenient to drag your kit from the truck
or container, using a pair of planks as a ramp.

Once you have unloaded your kit, you
must keep it covered until assembly is un-
der way.

With your kit, you should receive a
packing list and large-scale assembly
drawings. The drawings will show all the
parts as flat surfaces grouped together as
they will be assembled to make the fin-
ished hull. There will also be a number of
drawings showing the assembly of the
frames. Each part will be numbered, so
that you can check it against the packing
list and the corresponding drawing.

One of your first jobs will be to tack-
weld the frames together, so make sure you
sort the parts and store them in the order
you’ll need them. On larger frames, it may
be easier to tack only the bottom sections
of the frames together at this time.

Once you’ve tacked all the frames to-
gether, it’s time to prepare the building jig.
The transverse profile jigs will be sup-
ported by the metal “castles” that come as
part of your kit. The setting-up jig is
merely intended to start things off. It is not
intended to support the boat during the entire
building process. Usually, however, you leave the jig
in place for the entire building program so you
can weld a flat strip on the top of each web to
spread the load of the plate where it rests on edge
of the plate web. After you have both sides of the
bottom plates tacked together you should con-

The topside plates are simply pulled around to be
tacked together at the bow.



Sort and check the content of your kit as soon as possi-
ble after delivery.

sider adding extra support and bracing to the jig
structure.

Set up two parallel I beams as shown in the
instructions that come with your kit. These
beams must be long enough to accept the number
of support jigs mentioned above. Cross-tie I
beams should be installed at the same location as
indicated to install the support webs. Obviously,
the whole support structure must be level in all
directions and well braced as it will play a part in
supporting the boat during construction.

Don’t attempt to fully weld the plates into

Most kits come with three or four setting-up jigs as part
of the cut-steel package.

Another view of one of the setting-up jigs that supports
the bottom plates.

one length on the floor. The plate joins should
only be tack-welded in three locations: one weld
at the each of the ends of the join, and one in the
center of the join. These tacks should be no more
than a %> inch (12 mm) long. If you weld the plates
on the floor, you’ll end up with a hard spot in the
hull plating. Some plates of Y-inch (6 mm) or
heavier material may need to be beveled before
you tack them in place. You may prefer to make
the bevels after you’ve tack-welded the plates and
before you run the final welds. In all cases, good
metal boat building practices should prevail. Af-



Keels are assembled either in place of separately, as shown here; your plans will advise you of the best method
to use.

ter you have both sides of the bottom plates
tacked together, you should consider adding ex-
tra support and bracing to the structure.

Sailboats with long keels, such as our Spray
designs, as well as most powerboats, should have
the keel structure assembled at the same time as
the bottom plating. Take care that you don’t
“squeeze in” the tops of the keel; use the webs as
spacers. After you’ve positioned the bottom
plates, the keel sections, and the transverse profile
jigs, you may start to tack-weld the bottom plates
to the keel sides. Sailboats with deep fin-style
keels may have the keel installed after the hull is
completed. The canoe body should be built from
the bottom of the hull upward in a manner simi-
lar to that used to assemble a powerboat hull. The
webs can be arranged so that they can be added
along with the rest of the keel after raising the
hull to the correct elevation.

The benefit of using this method is thatital-
lows you to work on the hull, deck, and super-
structure while the boat is lower and thus more
accessible. The exact method and order of assem-
bly depends on the availability of lifting equip-
ment and your general work environment. De-

tails given below are valid for the general assem-
bly of all hulls.

With most powerboats, you can start by lay-
ing the bottom plates in the transverse profile jigs
that come with your precut metal kit. The frames
will soon be added at the locations indicated by
the transverse lines marked on the plates.

With any hull, the first step is to set up the
bottom plates and tack them along the centerline.
Next, start to install the pretacked frames on the
appropriate transverse lines marked on the plat-
ing. From now on, the whole structure will grow
upward. The better equipped your workshop is
with overhead lifting and handling gear, the eas-
ier and more smoothly your job will proceed.

If you’re in doubt about your welding skills,
seek the help of a suitably qualified person at the
earliest stage. There is a great deal even the most
inexperienced person can do to assist a qualified
welder to assemble the kit. Generally, two peo-
ple are required to handle the larger pieces of
metal, so acting as laborer to your hired profes-
sional may be the best route for you.

If you have moderately good welding skills,
you’ll find that the kit comes with enough scrap



material to allow you to get in some practice be-
fore tackling the assembly of the kit. Don’t try to
weld aluminum or copper-nickel unless you have
the proper knowledge and considerable experi-
ence in handling these materials.

The metal kits are constructed so that the
strength of the finished hull comes from the
buildup of the frames and stringers in interlock-
ing sections. Heavy and continuous welding of
frames and stringers should be avoided at all times.
After the hull and deck is tack-welded together, the
process of finish welding can proceed without fear
of distortion.

The secret of creating a fair hull and deck is
to use a welder of high enough amperage for the
job. Welding with too little amperage, and too
slowly, will create lots of heat on the spot and less
penetration of the weld material in the seam.
This may make for a weak weld and additional
grinding to remove excessive weld material. This,
in turn may further weaken the weld.

ASSEMBLING THE HULL

For those of you who are new to this type of boat-
building, there is an early shock in store. Having
placed the bottom plates on the jig, you may
think they’re not going to fit. Keep the faith!
Start tack-welding in the middle of, or somewhat

The frames are set on the bottom plate at the premarked station lines and
tacked into position.

Depending on the design, you may need to use some
mechanical help to pull the bottom plates together.
The plates on this Trawler Yacht 485 were tacked to-
gether without any problems.

aft of, the middle of the plate. Make sure the
marks on the plates are lined up at all times. As
you work forward and backward from the tack-
welded position, you can form the plates to shape
with some human help or by using a trolley jack
underneath the area of the plates where they are
to join. When they touch, tack-weld them to-
gether and move along to the next position.
At the bow, you’ll probably need a block and
tackle to pull the sides of the plates together.
Some tension will be experienced in this area.
Don’t forget to secure the positions of any clamps
so that they cannot unexpect-
edly let go.

Having finished tack-
welding the bottom plates to-
gether, start placing the frames
in position on the bottom
plates. Lines on the plate will
indicate the location of the
frames. You may use the scale
drawings as a reference. De-
pending on the layout of the
bottom stringers on your par-
ticular design, you may have to
install some of them as you are
installing the bottom frames.
Study the layout of the bottom
framing on your boat plans

and it will become apparent



Close-up of frames shows web floors with T-bar longitudinal supports in-
stalled to accept the plywood cabin sole.

which sequence will work best
for your hull.

Pull up the bottom plates
toward the frames until they
fit snugly and tack-weld them.
Start with a frame where the
plates are least shaped, and
work backward and forward
from there. If you’ve assem-
bled the complete frames, as
opposed to the bottoms only,
use temporary braces, as nec-
essary, to support the top por-
tions of the frames. Once all
the frames are installed, you
may fit some of the side
stringers into the slots on the
frames. These stringers will
assist in stiffening up the
structure at this stage. Once



The transom in place; the next step will be to install the radius stringers. Photos on these pages were taken by
Brian Smyth of YachtSmiths International of Nova Scotia, Canada. [pd]need to fix x-ref; prev. was p. 53-58

again: Use only tack-welding at this stage of the The side plates near the bow and the under-
assembly process. side of the bow will show some tension, and can

The next step is to install the side plates.  be pulled into place by attaching a chain on the
This is best done by using a simple overhead outside of the plates. To attach a chain or a block
gantry or a forklift truck.
Pick up the side plates with
a plate clamp on a chain con-
nected to a block and tackle
made fast to a forklift leg.
Make sure the plate is more
or less in balance while it’s
hanging free of the ground
before you lift it into posi-
tion. Use a helper to locate a
matching line in the right
position and tack-weld it.
Continue to move the plate
up or down a bit with the
block and tackle until the en-
tire side is in position and
tack-welded in place. Place
some tack welds on the side
frames-to-plate joint as well
as on the chine seam. Note the fair line of the stringers as they are installed into precut slots.




A prefabricated long keel is installed on a Voyager 495 hull.



and tackle to a plate, tack-weld
a temporary eye or similar
piece to the plate. By welding
only one side of the eye, you
can easily remove it after use.

Next, the transom plates,
bathing platform, stern plates,
and all other plates that go
into forming the hull are in-
stalled and tack-welded in po-
sition. Note that with radius-
chine boats, the radius panels
are installed later. Remember
to refer to the drawings fre-
quently.

Now the deck plates, su-
perstructure, and items like a
flybridge are installed and
tack-welded into position. Any
deck stringers and cabintop
intercostals in your design

Optional twin cockpits and side deck plating installed on a Voyager 495.



This Voyager 495 was cut in Chile using cutting files and assembled with
the aid of the comprehensive plans that accompanied the files by
owner/builder Bernie Loyer.

may need to be installed before
the applicable areas of plating. In
some cases, it may be possible or
preferable to tack-weld the super-
structure together off the boat and
then install it as one unit. Some of
the more recently designed kits al-
low for this option by providing
special landing areas at each
frame, which make it simple to
line up the completed superstruc-
ture with the hull and deck.

RADIUS CHINES

After you’ve tack-welded the en-
tire boat together, it’s time to
tackle the radius chines. We’ve
always maintained that radius-
chine hulls should be built up-
side down. For one-off boats
built from scratch, this advice
still stands. But, because all kit
boats are built upright, a special
approach is required to enable
the radius chines to be fitted
without blemish. At first, we
supplied the radius plates rolled
in one direction only; this is the
same rolled plate you would use
in one-off radius construction.
We soon discovered why we had
always insisted that these radius-
chine boats should be built in-
verted. Fortunately, we were able
to solve the problem. The radius-
chine boats built from these kits
are still built upright, but with
one important difference: we
now supply fully formed radius
plates. They are rolled in all di-
rections to ensure a perfect fit.
This improved arrangement is
available because it is now possi-
ble to have the plates fully
formed and rolled from the in-




This is the standard of finish you'll be able to achieve if you take care when welding your radius-chine kit, and fol-
low the building instructions to the letter.

formation supplied in the original modeling
files. The forming cannot be accurate right to
the edge of the plate, however, so each section
is a little oversized at the edges, which allows for
exact fitting and trimming. Your kit will contain
the appropriate amount of prerolled, numbered
sections to fit the area covered by the radius
chines.

Now you can carefully place the appropri-
ate prerolled section against the position on the
opening in the hull. Using a helper, scribe the
edges of the plate with a sharp tool or pencil and
then cut, grind, or nibble the edge for a perfect
fit. Tack-weld it in position and continue until
you have all the radius panels in place.

FINISHING THE ASSEMBLY

The first job is to complete the welding of the
frame sections and then intermittently weld the
frames and stringer to the hull plating using 2-
inch (50 mm) weld spaced at 6 inches (150 mm).
Do not overweld and do not continuously weld

on one side of the hull. Weld on a reasonable
amount on one side then switch to the other side,
back and forth until the entire hull is welded.
Constantly working from side to side will avoid
the plates pulling out of shape and general distor-
tion that can be caused by overwelding or weld-
ing entirely on one side at a time.

You should have made a 60-degree V be-
tween the plates, 30 degrees on each plate, but if
you haven'’t previously prepared the heavier plates
in this manner, you may do so now by running an
angle grinder along the appropriate seam. Now
you can proceed to run the final welds on the out-
side of the plates. The hull below the waterline
must be welded both inside and out. Again, work
from one side of the hull to the other, frequently
changing sides.

You can grind off any excess weld material
by first using a coarse disk and then finishing up
with a softer, more flexible disk. Take advice from
your materials supplier about these items.

Lastly, apply a minimum of filler to the seams
and apply a coat of primer to the ground areas.
You're now ready for final finishing and painting.






VOYAGER DS 440
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NOTE:

Due to space constraints
we have only shown sec-
tions of drawings and

the copies notes that are

‘tlﬁ also we have ommitted

|| normally part of these
sheets which are
~—nomally 5 times larger.
B TOP:

Each set of assembly
plans contains a sheet
showing the number and
type of welds required to
assemble the hull from
frames to plating etc.

— /4 ABOVE AND LEFT:
. Here we see the forming

that is required to obtain
the correct developed
radius for the chine
panels.




LEFT:

This is part of the sheet that

will show an exploded view
of the main panels. Shown
are the topsides of the hull,
radius panels, bottom
plates, sides and bottom of
keel, rudder plates and

— R — webs. Some of the plates are
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[T — 0 4 on another sheet.
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ABOVE AND RIGHT:

There is considerable pre-forning of metal plate

to ensure the assembly of the kit proceeds quickly.

Y Yan

ABOVE:

Just three of the 24 sheets that are nested for cutting a Voyager
DS 440 kit; Plus there are 103 lengths of flat and T bar etc.

BELOW:
Here are a few details of the rudder parts and
assembly that will be included in the plans.
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THIS PAGE:

Shown on this page are
three views of the engine in-
stallation ... this is only a
part of the sheets that show
full illustated details plus
explanatory notes on in-
stalling the engine and fit-
ting out the engine room.




Steel plate grade A with welding primer Sigmaweld MC

Nr of plates Length in mm
Weight per plate [kg]

11
12
3

26

6000
6000
6000
Plate with Sigmaweld total

2000
2000
2000

Width in mm Surface in m2

Black steel plate, no primer

Nr of plates Length in mm
Weight per plate [kg]

Width in mm Surface in m2

Thickness in mm

Total weight Kgs

384 4224
480 5760
576 1728

Thickness in mm

Total weight Kgs

2 6000 2000 24 6 576 1152
2 Black plate total 24
1152
28 Total all plates 336
12864
Profile, with welding primer Sigmaweld MC
Quantity Length in Mtr Type Dimensions Thickness in mm
Weight per meter Total weight Kgs
5 6 flat bar 25 5 1.00 30.0
22 6 flat bar 40 5 1.60 211.2
13 6 flat bar 50 5 2.00 156.0
26 6 flat bar 60 5 2.40 3744
2 6 flat bar 80 5 3.20 38.4
1 6 flat bar 90 5 3.60 21.6
1 6 flat bar 100 4 3.20 19.2
1 6 flat bar 100 15 12.00 72.0
1 6 flat bar 120 5 4.80 28.8
5 6 solid rnd bar 16mm 1.63 48.9
1 6 solid rnd bar 25 mm 3.985 23.9
5 6 Pipe 1" 33.7*2.65 2.01 60.3
1 6 Pipe 2% 73x3,65 6.5 39.0
1 6 Pipe 3.5" 108*3.6 9.27 55.6
2 6 U-channel/UNP 100 x 50 x 5 10.80 129.6
15 6 T-bar 50 6 4.44 399.6
Total Profile steel 1708.5
102
TOTAL 14572.5
PACKING LIST CONTAINER GSTU 361974 /0

part ID FORMING quantity  Part nested TOP: Here is the plate and

(=Underlined in plate nr profile list required to cut the

nesting) Voyager DS 440 kit
B11A-1 1 10 4mm
13-2 forming 1 10 4mm  LEFT:
17A-1 1 10 4mm  Here is a very small part of
6A-1 1 11 4mm  the several pages of the 500
7F-1 1 11 4mm  cut parts




Introduction to Voyager DS 440 kit assembly sequence.

Norbert and Tamas Téth supplied the most of the photographs shown below. This is a father and son
team who are making a beautiful job of assembling the Voyager DS 440 hull. The photo sequence
shows what is typical and required to set up a steel radius chine sailboat kit. All of our kits and some
others are assembled in a similar manner. The other photographs, captions and general text in this
chapter will give you a clear idea of just how easy it is to put these boats together.

First thing to do after unloading all of the plates and profiles is to sort and check the parts against the
list that is supplied with the kit. Make sure to advise the supplier as soon as possible in the unlikely
event of shortages or damage too the plates or profiles; you will find it is much easier to have any faults
rectified sooner rather than later! All parts are clearly numbered and easily identified using the drawings
and lists showing each individual part. Make sure that you store the parts in the order that they are
likely to be required as the assembly proceeds.




ABOVE:

Here the two bottom plates are placed on to the building jig; note how these plates naturally take
up the required shape and form; this is another great feature of computer design, everything fits
perfectly. The plates have been tack welded along the centerline. The holes on the centerline will be
required later to give access to the keel for welding and also for stowing trim ballast etc.

LEFT:

This bulkhead has the
stiffeners pre-installed and
these can be either L or T
angle depending on the
materials specified and
supplied with your particular
kit. Note the cross bar that has
been temporally welded
across the bulkhead at the
balance point; this will make
handling, installing and final
location of the bulkhead much
easier to effect than if the
weight is taken anywhere but
at the balance point; this rule
applies to any large part you
are installing on your boat.




RIGHT:

Here we see the forward ‘crash’ or
anchor locker bulkhead. Note that
the stiffeners are on the forward
side and the framing is already in
place for the hatch which is used
to access the anchor locker from
inside the boat. Several frames
have now been erected and some
stringers are already in place.

BELOW:

Tamés Toth stands on one of the
recently erected frames in his
Voyager DS 440 hull; No doubt he
is admiring his handiwork as we
all do when finishing off a days
work on our boatbuilding project.
Note the various elements in the
frame and bulkhead assembly.
Norbert is standing on what will be
the sole level and it is obvious that
there is adequate headroom in this
sailboat.




ABOVE: This photograph shows an overview of the skeletal hull structure. Note the frame capping
used to add additional strength to these important structural members. Careful study of this photo

will reveal just how easily the internal framing of this boat goes together.

ABOVE: This close up photo of the radius section of the frames shows the pre-cut slots used to
receive the stringers. Note the ‘mouse hole’ at the outer edge of the slots; this is cut so that the
builder will be able to gain access behind the frame at this point for welding purposes.




ABOVE: Here we see one frame with a web floor, cabin sole bearer, bottom plate and stringers as
well as part of the centerline web. Note the flat bar attached to the inside of the frame.

ABOVE: This photograph shows the bottom plates supported in the setting up jig. The hull could
be better supported by using a strip of flat-bar across the top of the supporting jigs so as to spread
the load between the bottom plates and the jig; this would also strengthen the setting up jig which
will take a considerable weight before the hull is completed.




ABOVE: One of the side deck plates is shown here; note the tool that is used to assist in positioning
the plate so it fits snugly against the cabin side stiffeners. Study this photo carefully as you can see
much of the framing structure in some detail. Note the neat arrangement of floor webs and T bar

fore and aft sole supports.

ABOVE: In some cases the deck plates will be installed before the hull is plated. Carefully check
the building instructions that come with your kit so as to make sure you get the sequence in the
correct order. In this photo you can see some of the cockpit framing with an L angle brace across
the top; always make sure to use adequate bracing and temporary bars to support various parts of
the hull as the assembly proceeds.




ABOVE:

Here we get a good view of the entire framing structure that will support the plating and ensure
you a strong sea-worthy hull. Since the event of the EU and other Classification rules becoming
more strictly enforced, framing on steel and other forms of boat construction has become more
substantial that may be entirely necessary; however we follow the rules and these boats are up to
anything you may encounter with a ‘picky’ surveyor and most importantly in real world
conditions that you will encounter in your future voyaging.

LEFT:

Another view of the
framing and showing
the deck plates in
position. At this stage
only use three tacks,
one at top and bottom
and one in the centre to
join the plates.




ABOVE:

The cockpit plate is now in position. Some
of these sailboats are designed with more
than one possible cockpit location; this
is to facilitate the design of the
accommodation interior layout; cockpits
sometimes intrude more than we would
like into the accommodation spaces but
by being able to adjust the exact location
of the cockpit you are able to achieve the
best balance between cockpit, deck and
below deck living and working spaces. If
in doubt consult the designer of your boat
| for additional advice.

LEFT: The rudder has been completed
| wirh a flange at the top; this is used to
attach the rudder to the stub steering
rudder shaft that comes through the hull
and will have a matching flange. Make
sure that the bolts used to connect the two
flanges are connected together with
stainless wire so that they can not work
loose over time. NEVER use dis-similar
metals such as aluminum and steel in
these areas; this will cause electrolyses.




ABOVE: Here we see one of the radius plates being fitted to the hull. Again please note that only
minimum and even pressure is required to snug these plates into position. If you have to use undue
force you may distort the plate and in that case it will never take up the correct shape to give the
desired attractive shape to the finished hull.

ABOVE: The radius plates run past the transom to form the swim platform section of the hull. The
small partial bulkhead at the aft end of the swim platform forms the aft end of the hull and is usually
slightly rounded in plan view to provide an attractive appearance; same goes for all transoms and
similar parts of your hull.



LEFT: Note the smooth
topside plates. In this case
the openings for the ports
have already been cut
during the plate cutting
but this is optional; you
can have the openings just
marked, partly cut-out or
fully cut as shown here.
Make sure the cut-outs are
done to fit a known port
size and one that you can
obtain in your area.
Sometimes it is possible
and very often desirable to
have the ports and
windows all delivered with
your Kit.

ABOVE: Note the substantial frames complete with flat-bar facings; as they say this boat can
“shunt ice”. The EU rule and the requirements of various Classification Societies such as German
Lloyds etc. have been instrumental in all designers who design to the rules being required to ‘beef
up’ their designs. Most have adapted to the various rule requirements without any problems.
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ABOVE: The cabin sides are now in position; again | would remind you that the various elements
are only TACKED together at this stage. It is recommended to NEVER fully weld the parts until the
entire hull deck and superstructure are assembled and tack welded together. In this photo you can
see the pipe between cabin sides and top and aft end of the cabin to sides; this is used to give an
attractive rounded appearance to this area.

LEFT:

The view of the bow shows the
forward topside plates stacked in
position. Make sure when
assembling any steel boat that
you work from side to side as you
add the plates to the hull deck and
superstructure; never fully plate
up one side before proceeding to
the other because if you do you
will pull the whole structure
askew and cause insurmountable
problems for yourself.




ABOVE: Here we see the bow cone and it is obvious that this type of bow gives a much improved
appearance with minimum amount of additional plate forming and welding. The rounded portion
is developed as a true cone and made slightly oversize so that it is easy to shape and fit to the hull.
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ABOVE: This photograph shows the forward end of this hull and you can see the desirable results
made possible by the use of computer design, careful cutting and assembly of this hull. A very small
of epoxy filler will be required to make it possible to end up with a hull that exhibits a perfect finish
and is a credit to all concerned. A well built hull will also have considerably more monetary value;
badly built hulls usually cost as much to build as well built ones do!

ABOVE: Here we can see the pilot house is now completed and this photograph provides a good
view of this strucure. Super strength is a feature of all these steel boats that are designed and built
to the various Classification Society rules.



ABOVE: Rounded pipe on coaming.







ABOVE: Overview of pilot house and coaming. BELOW: Close up of coaming with pipe corners







LEFT: Nice clean up in corner of
coaming.

BELOW: Close-up of pilot house
window framing.

BOTTOM: Overview of pilot house
and slim fore-cabin sides and top.
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ABOVE & BELOW: Two views of the bow thruster tube; note the touch up of the primer to

prevent rust getting a foot-hold on the welded areas of your hull. Welds will be ground above the
waterline but unground below the waterline.




ABOVE & BELOW: Two views of the engine beds which are included in the kit and cutting
files but can be modified if required to suit your particular engine.
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ABOVE & BELOW: Two views of the engine installed on the pre-prepared engine beds. You will
need to line up the engine, propellor tube and prop shaft but this is made relativly simple by follow-
ing the plans that come with your cutting files or Kit.




ABOVE & BELOW: Two views of the prop shaft and where it exits the hull via the aft end of the

keel. Always study the plans that come with your cutting files or kit.




ABOVE & BELOW: Two more views of the prop shaft and where it exits the hull via the aft end of

the keel. Always study the plans that come with your cutting files or kit.




ABOVE & BELOW: Two views of the rudder tube and shaft where it exits the hull (top) and sits on
the bearing in the heel (bottom) ; note that the top of the tube should be above the static waterline




TOP: View of the rudder shaft where it exits the hull; there will be a short tube to carry the shaft.
BELOW: Close up view of the rudder shaft with the webs needed to spread the loads in this area.




ABOVE & BELOW : View of the rudder in place - sorry about the spotty top photo!
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ABOVE & BELOW: View of the hatches and forward pilot house windows,
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ABOVE & BELOW : Two views of the hatch frames on place.
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LEFT: Voyager 432
on its way to the paint
shop.

BELOW: Another
view of the Voyager
432

BOTTOM:
Overview of cockpit
and coaming area on
the Voyager 432



SPRAY 370 KIT

Read below: This is how it can be when you build from a KIT when the work goes so much
faster and the results are to professional standards:

FIRST EMAIL: Spray 370 A ... | have finished cutting my kit using your cutting files; I would
like to thank you for the time & effort you put into the nesting. | thought it would be good but I am
amazed at the ease with which the machine just chugged along and the result with all the alignment
marks and part numbers etched on, brilliant! The file modifications for the aft cabin roof and the
etching for the walk thru all appeared on the plate. It really is good to deal with professional people.
The construction of the hull is going smoothly. I cannot say how pleased | am with the result of your
cutting files ! Thanks and Regards Bill Wigan Dubai

RECENT EMAIL: Finally some pictures of her sailing! I have had a few trips up and down the
coast from Fujairah and as always she behaves well. I am lifting her out later this month for antifouling
and | am using Cuprotect System as it is guaranteed 5 years and purported to be a 10 year plus
treatment. | will let you know how I get on with that. She now has davits on the back with a Niccollslite
NN10 nesting dinghy hanging from them. On long trips | can put the dinghy nested on the foredeck.
The watermaker is on the way Ultra Whisper 600 from Sea Recovery.
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ABOVE & FOLLOWING PAGES: From the arrival of the cut kit through to the completed
boat; these photos are mostly self explanitory and in cases where some explanation is required |
will add appropiate text.




THIS PAGE:

Here we see the jig be-
ing erected on the
strongback; next the
stem and keel are as-
sembled and erected on
the jig.







TOP: You can make your own ‘dogging’ tools from the offcuts / scrap that compes with your Kit.
BOTTOM: Note how snugly the plates fit to the stem.
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ABOVEAND
PREVIOUS PAGE:

The tack welding the plates
into position and the
additon of fore and aft deck
and cabin top stringers
goes ahead quickly as ev-
erything is a perfect fit.










THIS PAGE:

The tack welding of the plates into posi-
tion is now completed and the hull is
ready to have the final welds run etc.










THIS PAGE:

Scrap lead can easily be
converted into usable bal-
last. Make sure you take all
the usual health and safety
precautions - masks etc etc.
Melting lead can be
dangerious especially the
fumes ! DO take care !
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THE PLANS

"To build a boat from scratch you need a set of suit-
able boat plans; hopefully you plans will include
full-size patterns for the frames and stem. Below is
a list of what our own design office supplies in this
regard. With the advent of modern computer
yacht design we have been able to offer the com-
plete plans on CD. The benefit of receiving your
plans and full-size patterns in this way is that you
can have as many prints made of each sheet as you
may need. For instance, if you are looking for
quotes on either having the hull built or to
puchase some piece of equipment or quotes for
mast and sails, then all these suppliers will want
to see the plans. You will find that having the abil-
ity to have the plans printed locally will offer
many advantages during the building program.
Also on the CD the designer can supply photos
of similar boats under construction and other
printed material that will assist you to better un-
derstand the plans and the boatbuilding process in
hand. As most printed plans cover many large
sheets of paper, it costs a considerable amount in
postage (usually about $50 or £35) to deliver the
plans and patterns from the designer to you. CDs
can be mailed for a very modest cost.

Using the boat plans shown below and a col-
lection of appropriate materials you can build a
boat from scratch. You make the frames from the
patterns supplied and then you make patterns for
each subsequent part as you continue to build the
boat.

As mentioned earlier, your plans can arrive
either printed on paper or as printing files on a
CD. You should receive the latest updated version
of your selected boat plan, which is only possible
when you order your plans direct from the de-
signer. You will receive many construction sheets,
which include copious written notes as well as the
detailed drawings necessary to build all parts of
your boat.

The following list is what we consider to be
a complete set of plans and full-size patterns to
enable you to build your boat with the minimum
time spent in doubt as to how and what to do
next!

B Sheet 1A (there may be several sheets cov-
ering various versions of the same design).
These sheets cover the boat’s general
arrangement drawings, profile and plan
views of the hull, deck, and superstructure,
plus the deck plan. In the case of sailboats,
the sail plan and measurements are usually
included on these sheets.

B Sheet 1AA (there may be several sheets
covering various versions of the same de-
sign). These sheets show the boat accom-
modation laid out and shown in plan and
profile views. The several versions of the
design are shown on separate sheets. Also
included is a list for all the materials needed
to build the hull, deck, and superstructure.
In the case where the boat can be con-
structed of a variety of materials, these are



all listed to allow you to cost out the boat
in each specified material.

Sheet 2. The boat lines plan shows hull sec-
tions, profile including all water and but-
tock lines, and plan view including all water
lines and buttock lines. All frame spacing,
stern or transom detail, keel measurements,
and rudder and skeg should all be included
and all dimensions clearly shown.

Sheet 3. This sheet will be a reduced draw-
ing, representing what you can expect to
see when you lay out the full-size boat hull
patterns. We call this sheet the key to full-
size patterns; it acts as a key when arrang-
ing the hull patterns and will enable you to
readily understand just what the patterns
contain. This sheet will help you resist the
temptation of trying to lay out the patterns
on your living room floor before you are
actually ready to start construction.

Sheet 4. This sheet shows you how to man-
ufacture and assemble the frames, plus
form up the stem and other parts of the ba-
sic framework. It also shows how to set up
all these items on a strong back or a system
of bedlogs, which forms the shape of your
hull.

Sheet 5. This sheet shows the installation
of the stringers and deck shelf plus the in-
stallation of the plating in metal boats. In
the case of radius-chine boats, additional
information is supplied on installing these
plates. Assuming you are building upside
down, this sheet will show the turning-over
process.

Sheet 6. Now the boat is upright and this
sheet covers the inside of the hull, and
shows the installation of the floor webs,
bulkheads, engine beds, and all interior
stiffeners for your boat.

Sheet 7. This sheet may show detail of the
various items not covered in sheet 6. Often
it takes two or more sheets to cover webs
and bulkheads.

Sheet 8. This is the engineering sheet that
covers the engine installation, locating and
building the fuel and water tanks, and mak-

ing the rudder. Also included are details

on making the stern and rudder tubes plus
propeller shaft detail. Stanchions, swim
platforms, and similar items may also be on
this sheet.

You may note that much of the above work
can be completed before the deck and su-
perstructure are in place. It is far easier to
install the heavier items such as the engine
and fuel tanks before the “top” goes on. In-
dividual builders will have a preference in
this regard.

Sheet 9. This sheet shows details the form-
ing and installation of deck beams, side
decks, foredeck, aft deck, cockpit construc-
tion and all deck framing detail of your
boat design.

Sheet 10. This sheet shows the patterning
and making of the cabin sides, cabin front,
etc. In the case of the cabin sides the mea-
surements should be adequate to enable you
to make up a plywood pattern and trial fit
before cutting the actual cabinside plates.
Sheet 11. This sheet covers such items as
deck fittings, additional rudder construc-
tion, etc.

A detail folio showing how to build some
boat fittings and tools plus other valuable
boat construction tips is included with all
plans. When the plans are ordered on CD it
is often possible to include numerous pho-
tos showing a sample boat under construc-
tion and examples of completed versions.
Sheets A, B, C, D, E, F, G, and H are the
full-size boat hull frame pattern sheets that
are laid together like wallpaper. The full-
size patterns contain details of all frame
shapes, stem, deck and cabintop cambers,
and the pattern for the expanded transom.
Patterns are either paper or computer files
(if you have plans supplied on CD), which
can be printed out by your local print shop.

"This is a good time to mention that the pro-

fessional who designed your boat may have spent
many hours over some small detail believing that
it will have an important bearing on the perfor-



mance, appearance, or resale value of your boat.
Respect his or her efforts, and please don’t make
changes casually without consulting the designer.

Making and erecting the frames is one of
the most exciting parts of building any boat.
Having built a few boats myself, I know the thrill
of seeing the frames erected for the first time,
and of standing back and admiring the line of the
hull. Of course, the addition of the chine bars (if
present) and a few stringers gives a better idea
of the shape of the hull, but the initial thrill of
seeing the frames erected is still a most memo-
rable occasion.

MATERIAL LISTS

You will get a better price if you order in bulk, so
we recommend that you order all the basic hull
materials in one combined package. Your build-
ing plans may include a material lists and, if so, it
usually consists of the main items required for
building the hull, deck, and superstructure. On
some occasions, if you calculate the total weight
of the metals, you may find that there appears to
be too much material. Your list should include an
allowance for offcuts and other wastage. The list
may also include details of the temporary brac-
ing required to set up the hull.

Even if your plans include a materials list
(including the lists included in our plans), go
through the drawings carefully and “take off” the
list for yourself. Don’t forget to allow for wastage;
15 to 20 percent is about right. Some of this
wastage material will be used to make tools, in-
cluding clamps and tags. The time required cal-
culating the quantities will be a good investment,
and it will prove invaluable in your better under-
standing of the plans. “One hour of study can
save two hours of work” is an oft-quoted truism.

Most lists do not include the materials re-
quired for the interior joinery. In some cases, this
list isn’t included because there may be several
alternative accommodation plans. It’s better to
compile a timber and plywood list after you’ve
made a definite decision as to which interior you
will finally select for your boat.

BUILDING UPRIGHT
OR INVERTED?

The shape of the boat, the metal being used to
construct the hull, and the particular building
method you choose may all contribute to your
decision to build the hull upright or inverted. An-
other factor could be the space and facilities avail-
able for turning the hull. There are many simple
systems for turning hulls over, so this factor
shouldn’t play too big a part in your reaching a
decision. You could decide to build two or more
rings around your hull, thus facilitating working
on the hull and other areas of your boat.

Advocates of the upside-down method like it
because most of the important hull welding can
be done in the down-hand position. In any case,
some of the welding must be done from inside
the hull, including tacking the intermediate
stringers to the hull plating. Unfortunately, this
may be a bit awkward, but at least some of this
welding will have to be done while the hull is still
inverted. Leaving the transom off the hull until
after turnover will be of some help in gaining ac-
cess to the interior of the hull. There is some jus-
tification for not installing the transom until im-
mediately before the deck is installed.

In the case of radius-chine construction, I
consider it imperative that the hull be built upside
down. Building inverted makes it easier to install
the radius plating. In our opinion, it’s much sim-
pler to lay the plate onto the framework from
above than it is to draw or hold the plating from
below until it is tacked in place. At the risk of rep-
etition, you must always build radius-chine hulls
upside down. Our preference for building upside
down extends to round-bilge hulls as well.

"To be fair to those who prefer to build the
hull upright, the stated advantages of this method
include the fact that the hull is already in a posi-
tion to complete the deck superstructure. In
other words, it doesn’t have to be turned over.
Building the hull upright offers easy access during
the entire welding operation. You can overcome
some of the disadvantages of not being able to
lay the plate on by employing the use of adequate




The framing shown here is one of several methods used to set up a hull that is built upside down. This Spray 33
was built by John and Joan McDermott in Oman, Arabia, from where they set sail around the world.

scaffolding. There are also many tricks, such as
drilling a hole in the plating and pulling it into
position with chains, wedges, and threaded bolts.
As mentioned earlier, whether you build upright
or upside down will largely depend on your cir-
cumstances and personal preference.

USING FULL-SIZE PATTERNS

The only people who decry the use of full-size
patterns are those who either don’t have access
to them or those with masochistic tendencies.
Under no circumstances try to “improve” on the
patterns by using the offsets (if available) to re-
loft the boat completely. Today, most boats are
designed, drafted, lofted, and provided with full-
size patterns plotted from computer-generated
offsets. You can’t improve on that, even by com-
pletely re-lofting the boat by hand.

The patterns you receive will most likely
contain full-size shapes for all the frames for one
side. This is all you’ll need unless you are build-

ing an asymmetrical hull. In addition to the
frames, other full-size shapes may include the
stem, the developed transom (the full-size tran-
som shape when the curved transom is laid out
flat—the radius will be included in the plan de-
tails); and the deck and cabintop beam cambers.
Also, patterns may be included for the rudder,
window patterns, and other items. These extra
patterns are included when the designer feels that
they will ensure that you interpret his ideas as in-
tended. If possible, use these patterns. Usually
any “improvement” in the designer’s work will re-
sult in a less attractive boat.

Paper patterns are quite satisfactory, pro-
vided they are handled properly. These patterns
should not be exposed to a damp atmosphere be-
fore being transferred to a more durable surface.
If your plans come with paper patterns, don’t
open or unroll the patterns until you’re ready to
start building the boat. The patterns that come
with our plans arrive in a plastic bag, which en-
sures they remain as printed until you are ready
to lay out the patterns and make the frames.



You'll need a suitable surface on which to lay
out the patterns. You can work either directly
from the patterns (not recommended) or you can
transfer them to plywood or steel plate. This
working area is variously known as the loft floor,
the master plate, or any one of a dozen other lo-
cally inspired names. If you are transferring the
frame shapes and other patterns to plywood, you
can use a dressmaker’s wheel to mark the shapes
through the patterns onto the surface of the ply-
wood. This plywood could be later used in the fit-
ting-out process, so it won’t represent an addi-
tional expense. If you’re transferring to steel plate,
you’ll need to center-punch the main points onto
the steel plate and use a batten and straightedge to
scribe in the shapes of the frames. In the case of
shaped frames and the stem, you’ll need to center-
punch several points along the curve and then join
the marks with the aid of a batten and the draft-
ing weights known as “ducks.” We find the ply-
wood surface has many advantages.

The advice above applies to multichine sail-
boats, single-chine powerboats, and round-bilge
boats of all types. In the case of radius-chine
hulls, you’ll don’t need to transfer the radius sec-
tions from the patterns; transfer only the straight
sections. You should have the radius-frame parts
bent to the radius specified on your plans, and the
length (as measured around each radius) that will
be needed to match up to the straight sections of
the frames. Allow a little extra for trimming.

LOFTING

If the plans for the boat of your choice are not
available with full-size patterns, you’ll need to
arrange for the hull to be lofted by computer or
by hand. To enable the hull to be lofted by com-
puter, you’ll need to supply the lines and offsets
to be entered, faired, and then plotted as full-size
patterns. Computer-lofting is available from sev-
eral design offices, including ours.

Lofting by hand involves actually drawing
out the entire hull of the boat full size. Don’t be
trapped into drawing only the frames or stations,
without actually drawing out the complete boat

full size; this means you will need a lofting floor
equal in size to the length and and width of the
half beam of your boat. You must plot out all sta-
tion and waterline grid lines plus the full-size
profile. The offsets are used to lay out the curved
waterlines and buttock lines. You need to take
great care to ensure that the frame or station
measurements are correct so when you take off
the full-size frame patterns and other parts, in-
cluding the stem, the patterns will be totally ac-
curate. This is not a job for the inexperianced
builder. Either choose a plan with full-size pat-
terns or have the lines professionally computer-
lofted. If you do decide to tackle the lofting your-
self you will need a loft floor that can consist of
several sheets of plywood. The sheets are laid out
to form an area of say 3 feet (1 m) longer than
the overall length of the boat, or longer by half
the beam if you plan to develop the transom. You
should paint your loft floor with flat white paint;
this will enable you to see the grid and other lines
more clearly.

You’ll need at least one long timber batten of
about ¥ by 2 inch (20 by 12 mm). You’ll also
need some smaller battens, a builder’s square,
string or chalk line, and a set of loftsman’s draft-
ing weights (ducks), plus suitable pencils. The in-
formation included here is very basic and if you
haven’t lofted a boat before, you’ll need a good
book containing detailed instructions.

MAKING THE FRAMES

It’s usual to assemble the frames over patterns
that have been lofted by the builder or supplied
with the plans. As mentioned earlier, you may
prefer to use a plywood or steel area for this pur-
pose. Make sure the area is level and that it will
provide a firm base on which to assemble the
frames.

A boat has two basic types of framing: trans-
verse framing, generally referred to as the frames,
and longitudinal framing, usually known as the
stringers, which also includes chine bars, deck
stringers, and the like. Here we are discussing the
frames.




In metal boats, transverse-framing material
may be flat bar, L-angle or T-bar. Your plans will
most likely stipulate which is appropriate. For
many years, flat-bar frames have been favored in
steel boats. Many designers have given this ad-
vice. The reason usually quoted is that L-angle is
hard to protect from corrosion, and that the an-
gled portion adds unnecessary weight. More re-
cently, however, we have considered angle in a
more favorable light.

Against the above objections, an argument
can be made for angle. The flange will provide
an excellent place to attach the lining material.
Corrosion problems can be overcome by using
prime-coated materials and sprayed-in foam in-
sulation, which is now common practice in metal
boat hulls. Regarding the extra weight of angle, I
believe that this is not a problem in larger and
heavier displacement boats. All that has been said
about angle can also be applied to T-bar frames.
Aluminum boats will have transverse frames
made of angle, T-bar, or a proprietary extrusion
that has some type of bulb or flange.

Some builders may prefer to have the deck
beams included as part of the original frame con-
struction. If you prefer this arrangement, you’ll
find it’s best used when you’re building upright.
Also, including the beams at this stage may in-
terfere with the installation of the larger and
heavier items (such as the engine, etc.) in the hull
at a later stage of the construction. If you are
building the hull inverted you will find that the
deck beams interfere with access under the boat.
My experience is that the deck beams are best in-
stalled after the hull is fully plated and already
turned upright and the heavier items are already
installed in the hull. It is easier to check for a fair
sheerline before installing the beams. In some
cases—for instance, if your boat has a bulwark—
this last objection may not apply, To summarize,
if you’re building upright, then you may consider
installing the deck beams as part of the original
frame, but if you’re building inverted, don’t in-
stall the beams until after the hull is upright and
preferably with the engine, etc., already placed
inside the hull.

After you have established how many frames

you’ll need, and which material you’ll be using—
L-angle, flat bar or T-bar, it’s now time to start
cutting the correct lengths of material to form
each frame. An angle grinder fitted with a suitable
wheel can be used for cutting the frame material
to the correct length and angle. Some builders
prefer to use their oxyacetylene equipment for
making these cuts, and no doubt you have your
own preference. Cuts made with the angle
grinder are more accurate and will be preferred
by many builders. A neat trick is to make up strips
of cardboard as templates for the angle joins on
the frames. Use cardboard that is the same width
as your frame material. Lay two cardboard strips
directly over the joint on your patterns, ensuring
that there is sufficient overlap to allow you to cut
through both layers of cardboard using a straight-
edge that bisects the angle. You have now created
a pattern that forms the angle required for both
parts of the framing material. Transfer these an-
gles to your lengths of framing material and now
you can neatly cut each angle to provide the ba-
sis for a perfect join. You may prefer to use a car-
penter’s bevel-gauge or a plastic protractor to ob-
tain the correct angles. You can always clean up
your angles by using the grinder, but it’s prefer-
able to make the correct cuts in the first place.

Next, tack-weld the frames together. After
checking against the patterns, make the final
welds. It’s worth noting that a very small incor-
rect angle at the chine can become a large error at
the sheer or keel. The frames may be made up in
two halves, or one half on top of another, and
then opened up like a clamshell to form the
frame. You must carefully check the fully assem-
bled and welded frames against the patterns and
one half against the other. Accuracy is vital at this
stage. It’s not a good idea to tack the various parts
of the frame to the steel master plate or loft plate.
Frames assembled in this manner can have built-
in tension that will cause them to change shape
when released from the loft-plate floor.

A good way to avoid distortion is to follow
the same sequence for assembling each frame.
For instance, place a tack-weld at the center of
each angle joint and let it cool for a few seconds
before tacking either ends of the angle. Several



frame sections can be done in sequence, ensur-
ing that minimum time is lost through waiting for
welds to cool, before proceeding to the next step
in the assembly process. The object is to keep the
job moving forward, without setting up stresses in
the frames, and avoiding unnecessary delays in
the work schedule.

Once you've tacked the frame together, you
should be able to move it about and check the ac-
curacy against the master patterns that have been
scribed on the metal or plywood loft floor. When
one side of the frame is tacked together, you
should turn it over and tack the other side. Again,
check the accuracy against the master patterns.

You’ll be installing some form of headstock
across the frame. This headstock may be used to
support the frame on the strongback or bedlogs
(see below). Make sure you install other bracing
between the headstock and the sides and bottom
of the frame, otherwise it will be too flexible and
impossible to set in position on the strongback.

Mark all of the important reference points
on all frames. Include such points as the load or
datum waterline (LWL or DWL), the sheerline,
the deck line (if this is below the sheer), and any
other points indicated on your full-size patterns.
Finally, please follow the designer’s specifications
for making your frames; never overlap the ends of
the frame bar where they join, in the misguided
belief that you’re making the boat stronger.
Overlapped metal can harbor moisture and pro-
mote corrosion. It also adds unnecessary weight
and looks unsightly, as well as giving your boat
an amateurish appearance. On the same theme,
don’t add extra reinforcing plates or permanent
gussets at the frame joints; these items were nec-
essary for frames in wooden boats but add extra
unnecessary weight in a metal hull.

There are several ways to make the various
cuts in the frame to accept the stringers, deck
shelf, and sheer stringer. One method is to divide
each area between the chines into equal spaces
and, using a square, mark in a notch for each
stringer. These notches may then be cut while the
frame is still on the loft floor. If you prefer this
method, it may be better to cut the notches before
tacking the frame together; cutting the notches

will probably distort the frame part, so this is best
corrected before you assemble the frame.

We recommend standing up the frames and
then marking in all of the stringer locations on the
frames, using a batten to simulate the fair curve
of each stringer. The next step is to take the
frames down and cut the slots. Finally, check each
frame for accuracy before reinstalling it in its cor-
rect location. This method is time-consuming but
it does ensure that you get a fair set of stringer
notches and, in turn, a fair set of stringers. This
method also makes sure that the final frame is still
the shape intended by the designer, and in due
course it will contribute to building an attractive

and fair hull.

Drainage

This is a good time to think about drainage inside
your hull. When the hull is in its correct position,
there will be low points on the stringers. Careful
observation will enable you to locate them at this
stage. This is the area where moisture can col-
lect inside the hull and cause rust.

If you’re intending to install foam insulation,
especially the sprayed-in variety, you won’t have
this problem because the foam should come at
least to the inner edge of the stringers. The foam
will provide a flush surface and leave nowhere for
moisture to collect. In foam-insulated boats, any
condensation that does occur will drain into the
bilge. As your boat will need insulation, this is the
obvious answer to a known problem.

If you’re going to install preformed insula-
tion, instead of the sprayed-in variety, you may
wish to grind small semicircular holes in the low
point of the stringers. Arrange them so they leave
a drain hole between the stringer and the hull
plating.

Some frames, too, will require limber
(drainage) holes, but there’s no point in cutting
limber holes in the areas of the frame or keel
webs where the hole will be later filled with bal-
last. The forward and the aft frames will need
limber holes to allow water to flow to the lowest
point. Check our plans and give some thought to
this drainage situation.



Radius-Chine Frames

Do not confuse this type of hull with one that
simply has pipe chines. True radius-chine hulls
have a radius of between 24 and 36 inches (600
and 900 mm). The radius-chine hull has many
benefits, including all of those attributed to a
round-bilge metal hull. The fact is that the ra-
dius-chine hull is one of the easiest hull forms to
build in metal. This ease of construction applies
from making the frames right through to the final
plating.

All true radius-chine hulls are designed,
faired, and lofted in the computer, so you’ll have
accurate full-size patterns. Naturally, it’s most im-
portant to have accurate patterns from which to
make your frames, and computer lofting is the
best way to achieve this end. As the radius sec-
tions are all of the same radius, it’s only the
amount of arc around the curve that will vary.
"This means that you won’t need to transfer all of
the radius curves to your loft floor. Transfer only
the straight frame sections. Make sure that the
ends of these lines are clearly defined. Use a
check mark to give a clear definition to the ends.
Next, simply cut the straight lengths of framing

Pre—formed
radius flat bar

Frames are assembled

in three sections as

shown here, simple and
easy construction.

Weld
Flat bar /

Flat sheet

Radius panel
/pre—rolled by
boilermaker.

Stringers

and place them in position. Now, cut the exact
lengths of curved frame material that have been
prebent to the correct radius.

You can either bend the radius-frame mate-
rial yourself, or have it bent by an outside metal
shop. Assuming that you farm out this work, we
recommend that you have the radius-frame sec-
tions, stem bar, and lengths of plate all bent to the
correct radius section at the same time (see
Radius-Chine Hulls in Chapter 8, Plating Your
Hull). The remainder of the techniques used for
assembling the frames of your radius-chine hull
are virtually the same as those used for the other
hull forms.

Frames for “Frameless” Hulls

If you’re building a “frameless” boat, that is, a
hull with only a few frames, or one that has no
transverse frames, then you may use angle frames
as a mold, and these will not remain in the boat.
When you’re building the “mold” for a frameless
boat, you may find it possible to eliminate every
second frame when setting up the shape of the
hull. When the designer prepares computer-de-
signed lines, it’s usual to have only four to six con-

At last it is possible to build a round-bilge
steel boat without the great amount of
time and effort (not to mention experi-
ence) that used to be required for tradi-
tional methods. Radius-chine building
techniques are developed through com-
puter fairing, which provides you with full-
size patterns of all the frames, a full-size
stem, and a full-size expanded transom.
The secret of the radius-chine technique
lies in fairing the radius through to the
bow. Most other attempts at this type of
hull form have tried to fade out the chine
before it reaches the bow. This usually
results in a flat spot, or unfair area, up
forward. Previous methods have been,
and still are, more difficult to build than
the multichine method. Our radius-chine
boats are very easy to build because of the
exact way we develop these hulls on our
in-house computer programs. The full-size
patterns are plotted on Mylar film.



On smaller frameless designs like this one, it may be simpler for
the less-experienced steelworker to build a frame from timber.

trol sections (similar to frames) and the remain-
der of the hull is faired through these sections.
Most light-to-medium-displacement steel-chine
hulls (not radius-chine) under, say, 40 feet (12.19
m), are suitable for building with the frameless
technique. Contact the designer of your boat if
you're interested in using this method. Ask if
some frames may be eliminated, either in the fin-
ished boat or in the setting-up mold. Some
frameless hulls are built over a timber framework;
this may be helpful if you’re building a metal hull
under 35 feet (10.66 m) and have limited metal-
working experience. You could build the timber
framework yourself, and then hire an experienced
welder to weld up the hull.

PREPARING TO BUILD

Stem, Backbone, and Keel

You’ll find that metal boats use many different
sections for building the stem. Some boats feature
a stem that is a flat bar on edge. This, in fact, is
the material specified for many of our sailboat de-
signs. Other designers favor solid round bar,
round or rectangular tube, or rolled plate. In
some sailboats and many powerboat designs, we
favor stems that incorporate a rolled plate above
the top chine. Your homemade bending machine
will come into use for bending the flat-bar stem if
part or all or the stem is to be formed from this

material. As mentioned above some
stems may include a conical section of
rolled plate.

The aft section of the backbone
may be installed on-edge without your
having to form it in a bending device.
Some stems, such as those used in the
Spray designs, may be constructed us-
ing a box section of similar construc-
tion to that used to fabricate the keel.
You’ll need to make plywood or hard-
board patterns for the sides of the box
stem, and trial-fit them before cutting
any metal.

The leading edge of the keel will
be flat bar, split pipe, full pipe, or rolled
plate. Flat-bar leading edges for the keel are only
satisfactory for very small powerboats. In most
cases, a rounded leading edge—similar to the
leading edge of an aircraft wing—will not only
be stronger and less liable to damage, but will also
offer a better passage through the water for the
keel. The aft end of the keel is usually formed of
flat bar on edge.

Bedlogs and Strongbacks

For hulls built upside down, your plans should in-
clude details of preparing the base needed to set
up the hull frames. This base can have one of sev-
eral names including bedlog or strongback. In
our plans, a set of bedlogs consists of a framework
of suitably sized timber or steel I beams placed on
a prepared surface. The surface can be concrete,
packed earth, or other similar base. If a packed-
earth floor is used, you’d be wise to install strate-
gically placed concrete pads capable of support-
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