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C o n s t ruction Files…

ALUMINUM ALLOY
B O AT B U I L D I N G

The first aluminum pleasure boat, a 40 ft motor yacht, “Le Mignon”,

was reportedly built in France in 1891. Forty years later in England,

the 55 ft motor yacht named “Diana II” was the first hull  built with modern, high

s t rength aluminum alloys. This vessel was successfully operated by the Royal

Navy during World War I I and was still in commission well into the 1960’s.

Today this material is

widely used thro u g h o u t

the world, notably in the

US and Holland for the

construction of motor

yachts of all sizes. Today,

it is mainly used for the

bu i ld ing  of  one -o f f

yachts, as fiber reinforced

plastic (FRP) remains the

leading material for the

m a n u f a c t u re of pro d u c-

tion boats. 

Aluminum alloys used by

the marine industry have

high mechanical pro p e r-

ties and a good resistance

to corrosion. They are

produced in a wide vari-

ety of sheets and plates

of diff e rent thickness,

and extrusions of various

shapes. After 100 years in

existence, the possibili-

ties in aluminum boat

building guarantee new

deve lopment s in  the

years to come.
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Boatbuilding aluminum alloys

The most frequently used aluminum alloys in
the shipbuilding industry belong to the 5000
and 6000 series which have a magnesium con-
tent of 3 to 4 percent, in addition to other met-
als in lesser quantities. While the copper con-
tent is much lower than other aluminum alloys
with higher mechanical properties, these alloys
po s s e s s  a  l owe r  r e s i s t a n ce  t o  s e a  w a t e r
damage. 
The mechan ical proper t ie s of the s tandard
5083, 5086 and 6061 a lloys can  be further
i m p roved by various mechanical and/or heat
t reatments which are classified by designations
such as H111, H32, H34 or T4, T6. These desig-
nations indicate the alloy degree of temper and
hardness. However it is important to know that
these alloys have diff e rent mechanical pro p e r-
ties after having been exposed to the heat of
the welding process. The 6061T6 alloy, widely
used for  ext ruded shapes such as sai lboat
masts, is particularly sensitive to heat. 

Fabrication and joining techniques
Because of the specific gravity and mechanical
p roperties of aluminum alloys, this boatbuild-
ing material does not re q u i re heavy tools or
equ i pment  fo r fo rm ing  and shap ing .  Sub-
assemblies of fairly large sizes can be pre b u i l t
and handled without heavy lifting equipment.
Several modules can be fabricated at the same
time before being fitted together. This dramati-
cally reduces the overall building time for larg e
vessels. The first aluminum boats were built
with riveted joints. Today, the developments of
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TENSILE PROPERTIES (INPSI )

ULTIMATE YIELD

Alloy Parent W elded Parent W elded

5083 H111 40000 39000 24000 21000

5083 H321 43500 40000 30500 24000

5083 H341 50000 40000 39000 24000

5086 H111 36000 38000 21000 18000

5086 H32 40000 35000 28000 19000

5086 H34 44000 35000 34000 19000

6061 T6 38000 24000 35000 20000

Source: Lloyd's Register of Shipping

Welding has superseded riveting.

This type of work tells a lot about the quality.

Building and assembly time can be reduced by using
standard extrusions.

Substantial weight saving can be achevied
by using aluminum.
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…aluminum alloy 

new techniques and inert gas welding equip-
ment  make i t  poss ib le  to  we ld  even th in
sheets. The welding of aluminum alloys is usu-
ally made under a shield of inert gas (arg o n
and/or hel ium) to stop the formation of an
oxide film which would lower the metal pene-
tration and the weld strength. The two main
welding methods are known by their acro n y m s
T.I.G. (Tungsten Inert Gas) and M.I.G (Metal
Inert Gas). T.I.G. welding is mainly used for
thin sheets and other thin joints. The welder
uses a hand-held filler metal rod brought to
fusion with the electric arc of a tungsten elec-
t rode. M.I.G. welding is the most commonly
used technique and is also the most eff i c i e n t
when used for large structures. A consumable
aluminum electrode is used to transfer metal to
the joint and the arc is enveloped within a
shield of inert gas. The welders must be skilled
and experienced so as to avoid the numero u s
weld defects that can occur (lack of penetra-
tion, lack of fusion, inclusions, porosity etc
…). The welding sequence must be care f u l l y
defined and followed to minimize local distor-
t ions, especial ly s ince thermal s tresses can
generate severe bending and/or twisting defor-
mations, sometimes several inches over the
length of a hull.
Mechanical assembly by bolting or riveting is
commonly prac t iced on a luminum yachts .
However they must be carr ied out in strict
observance of certain rules and principles to
guard against galvanic corro s i o n .
Apart from all aesthetic consideration, an alu-
minum structure can remain unpainted. It is in
fact protected by an oxide film which appears
as soon as the metal is exposed to the air.
Owners’ and builders’ demands have triggere d
the development of high perf o rmance coating
and paint systems, that provide a perfect finish
to aluminum alloys structures. A typical tre a t-
ment program generally contains the following
steps: 
1. Clean and degrease thoro u g h l y
2. Abrade or sandblast to eliminate oxide
3. Apply anticorrosive epoxy primer
4. Apply and sand l ightweight fa iring com-
pound where needed
5. Apply two coats of epoxy primer
6. Apply 2 or 3 coats of Linear Polyure t h a n e
topcoat on topsides
7. Apply 2 coats of antifouling on the bottom 
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Prevention and protection
against corrosion.

The design, construction, maintenance and life
expectancy of an aluminum alloy hull re q u i re a
good understanding of metal corrosion and pre-
vention rules by the designers and builders. There
a re two main types of corrosion: galvanic corro-
sion and electrolytic corro s i o n .

Galvanic corrosion
Galvanic corrosion is created by the voltage poten-
tial diff e rence between two metals immersed in sea
water (the electrolyte) that create a galvanic cell.
The metal with the lower voltage potential (the
anode) will corrode to protect the higher potential
metal (the cathode). This phenomenon can only
appear when the two metals are connected, there b y
closing the electric circuit. The voltage potential is
m e a s u red in relation to a constant re f e rence elec-
t rode immersed in sea water and connected to an
accurate millivoltmeter. The other lead is then con-
nected to the metallic component to be measure d
(seacock, through-hull fitting, strut or hull plating).
Marine surveyors use this type of equipment and
p ro c e d u re to carry out corrosion surveys onboard
boats with galvanic corrosion pro b l e m s .
The following table shows the voltage potentials of

various metals immersed in sea water and mea-
s u red against a silver/silver chloride (Ag/AgCl) half
cell used as a re f e rence electro d e .

A metal is efficiently protected by the cathodic pro-
tection system when its voltage potential, measure d
in relation to the re f e rence electrode, measure s
0.20V to 0.25V less than the negative value listed in
the table, i.e. about 1.00V for aluminum alloys. To o
e fficient a protection can result in the formation of
alkali and oxygen which can attack the paint. So
one must either respect the rules and/or seek the
help of a specialist to tackle these pro b l e m s .

METALS VOLTAGE POTENTIAL

Graphite 0.27

Titanium 0.02

316 stainless (passive) -0.03

Monel -0.06

304 stainless (passive) -0.06

Silver -0.10

Nickel -0.13

Aluminum bronze -0.16

Lead -0.20

Cupro-Nickel -0.25

Brass -0.30

Copper -0.31

Tin -0.31

316 stainless (active) -0.39

304 stainless (active) -0.49

Mild steel -0.63

Alumnium alloys -0.87

Zinc -1.00

Galvanized steel -1.10

Magnesium -1.60
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Easy to cut and weld, an aluminum structure
is easier to repair than FRP.

From fishing trawlers to yachts, any boat
can be build in aluminum.
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F u r t h e rm o re, it is essential to follow very
c a refully some basic principles in the selec-
tion and joining of other metals onboard alu-
minum boats to minimize the risks of galvan-
ic corrosion. For instance, bronze or stainless
steel through-hulls, seacocks and/or pumps
must be properly electrically insulated fro m
the aluminum hull structure by non metallic
materials washers, gaskets or sleeves. Better still, they
can be replaced by similar equipment made of syn-
thetic material when available.

Cathodic protection
The basic type of cathodic protection is well
known. It is achieved by the installation of sacrifi-
cial anodes in various locations of a hull and its
appendages. These anodes are usually made of
zinc, used because of its low voltage potential in
relation to most of the other metals used in boat-
building. Its voltage potential is around -1.0V (see
table). The placement and installation of anodes
must follow some rules in order to achieve an eff i-
cient protection. Furtherm o re, their wastage and
the efficiency of their installation and connection
have to be checked on a regular basis. Anodes
number and weight depends mainly on the size
and the geometry of the hull. The excessive con-

sumption of anodes over a short period of time
indicates a problem which must be identified and
c o r rected as soon as possible.
The cathodic protection of an aluminum alloy
s t r u c t u re can be as effectively achieved by an
i m p re s s e d - c u r rent cathodic protection system. The
basic principle remains the same but it basically
t r a n s f o rms the item or structure to be pro t e c t e d
into a cathode. The counter electrical current is
generated by a battery or a transformer via an inert
anode. Its flow is adjusted to give the optimum
p rotection. 

Electrolytic corrosion
E l e c t rolytic corrosion is caused by a current fro m
an external source, it can be the boat’s own AC or
DC systems or the shore power supply. On any
boat, but even more so on those built in alu-
minum, poor electrical installations, “do it your-
self” add-ons, and a general lack of pre v e n t i v e
maintenance can have dramatic consequences.
E l e c t rolytic corrosion is usually created by stray
c u r rents. To eliminate or minimize the conse-
quences of this type of corrosion, the yacht’s elec-
tric installation must comply with some strict
rules. Al l wiring should be of the two-wire
u n g rounded type. Conductors are to be pro p e r l y
insulated, supported and secured, preferably in
conduits or the equivalent. All circuit bre a k e r s
and switches are ideally two-pole, trip-free types
and shore supply is to be made to an isolation
t r a n s f o rm e r.

Many yards building in aluminum have acquired a
i m p ressive mastering of the various techniques of
construction, finishing, and protection against
c o r rosion. And they are building larger and better
e n g i n e e red aluminum alloy yachts which contin-
ues to offer numerous advantages in construction.

By Eric A. Ogden

Photos : Jules Malrieux & D.R.

…aluminum alloy 

Even on steel hulls, supertructures are often build in aluminum.

Proper insulation and bonding of a stuffing box is
needed to eliminate corrosion.

Aluminum sub-assemblies can easily be built.


