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THE DEVELOPMENT OF RULES FOR
BUILDING AND CIASSING ALUMINUM VESSELS

INTRODUCTION

Aluminum has been a shipbuilding material for about 85 years
during which time an appreciable number of aluminum vessels have
been either classed or have been subject to design review by the
American Bureau of Shipping. With the continuing trend towards
this use of aluminum it was decided that as a service to industry
the American Bureau of Shipping would develop Rules for the
Building and Classification of Aluminum Vessels, These Rules were
developed to provide requirements by which\vessels constructed of
aluminum would be as structurally reliable as those constructed
of steel, The Rules for the Bullding and Classification of Alum-
inum Vessels were completed in May 1974 and were published for
general disfribution earlier this year.

The aim of this paper 1s to describe the development of the
Rules for aluminum vessels from those for steel vessels and the
measures taken, directly and indirectly, to account for the dif-
ferences between aluminum and steel that might have a beering on
the structural rellability of fhe vessel. For the benefit of
those interested, reference is also made to the service exper-
lence with aluminum vessels, And although not a paff of the
development of Rules for aluminum vessels, Appendix A includes
some design features of aluminum vessels which may be of general

interest or assistance to owners, bullders and designers.,
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BACKGROUND

It 1s 85 years since the 5.10 meter (17'foot) aluminum launch
"Zephyr" was built in Zurich. Seven or eight other aluminum ves-
sels of up to about 12.2 meter (#0 foot) in length were built prior
to the beginning of this century. Throughout this Qentury all-
alumimun vessels hﬁvé continued to be buillt although until some
twenty-five years ago they were generally the exception and were
to some extent regarded as experimental. Aluminum has also been
used for the upper structures of large coﬁmércial and naval ves-
sels where its weight-strength ﬁroperties were used to advantage

by improving the vessels' stability while retaining adequate

| dtrength. For naval vessels, its use in upper structures per-

mitted increased armament or protection elsewhere while keeping
the displacement within treaty limits.

More recently aluminum has become a conventional building

‘material for vessels in certain types of service. For pleasure

boats, aiuminum has fast replaced woéd'as a construction material
while the last decade or so has seen aluminum becqme both feasible
and popular for the construcpion of competitive rﬁcing yachts,.
Perhaps the most notable advanées to date of aluminum.in the
construction of commercial vessels have been in the fishing in-
dustry where, by the end of the 1950's, a modern fleet of aluminum
fishing vessels was in service, The economic advantages of these
vessels soon led to their more widespread use and since the early
1960's numerous aluminum fishing vessels of up to 18.3 meters

(60 foot) in length have gone into service. These vessels have
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by all accounts proven most satisfactory.

While not as numerous as fishing vessels there are quite a
number of aluminum hydrofoil ferries in the length range 18.3-
27,43 meters (60-90 foot) now in service and several larger, more
éonventional, fgrryboats of up to 45.73 meter (150 foot) in length
are operating In U.S. coastal service,

To date the largest all-welded aluminum commercial vessel in
service 1s an ABS classed 91.U46 meter (300 foot) ocean-going vehi-
cle carrier. This is followed in size by the 67.98 meter (223 foct)
1959 German-built oil tanker "Aluminia" and an ABS classed 66,46
meter (218 foot)‘océan—going survey vessel. There are also quite’
8 number of ocean-going supply vessels in service in the length
range 30.5-36.6 meter (100-120 foot).

It 1s of interest to note that the only aluminum cargo vessel
to have refrigerated cargo spaces, for which aluminum construction
would seem most suitable, is a 32.32 meter (106.foot) vessel built -
in 1966 in Guyana., '

No doubt there are a number of factors conﬁributing to the pro-
gress of aluminum as a shipbuilding material, among which,afe the
possibility of a maintenance-free long life and increased dead-
weight. However, the more recent availability'of imprbvedvaluminum
alloys and advances in aluminum welding technology have pfobably
contributed more than any other single factors to establish alunmi-
num as a more conventional shipbuillding material, Quite‘recently
an investigation was completed into the feasibllity of construecting

& 152,44 meter (500 foot) bulk carrier of aluminum. This gives
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some further ldea of‘the extent to‘which alumimum is_being con-
sidered.

The services of the American Bureau of Shipping have been
used very often in the design, construction and survey of aluminum
vessels throughout the yéaré in which these vessels have developed.
For reference, a liét 1s shown in Table 1 of all-aluminum vessels
either classed by the Bureau or having had designs reviewed by
the Bureau. The records of the service experience of the ABS
classed vessels, which cover all the current services in which
aluminum vessels are employed, indicate aluminum to be a satis-
factory shipbuilding material.

DEVELOPMENT OF RULES

The decision to develop Rules for the construction and classi-
fication of aluminum vessels was made in 1969. At the time the
Bureau was also developing Rules for sm&ll steel vessels, much
needed because of the different chéracteristics of vessels under
15,73-61 meters (150-200 foot) in length. 1In view of this it was
felt that the Rules for aluminum vessels should cover the length
range 45.73 to 152,43 meters (150 to 500 foot) and that require-
ments for aluminum vessels under 45,73 meters (150 foot) in
length could bé obtained_using the conversion factors in the Rules
for aluminum vessels together with the requirements for steel ves-
sels under 45,73 meters (150 foot).

The experience to date with Bureau classed aluminum vessels
indicated 1t was feasible to use the Rules for Bullding and Class-

ing Vessels as a basis from which, by suitable conversion factors,
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scantlings of comparable structural reliability could be derived.
The Rules for steel vessels express scantling-reduirements in
several ways. In all cases, however, whether apparent or not
there is in the reguirement equation an allowable stress which
is 1n'tﬁrn the product of the failure stress and a safety factor.
Presuming the actual applied load in service to be unaffected by
the use of aluminum it was considered most feasible to establish
conversion factors by which the steel scantling requirements are
adjusted for the fallure stress differential of the two materlals,
to'givé aluminum scantlings providing the same reliability against
failure asrthose of steel vessels. Thus the development of the
Rules for aluminum vessels became to a considerable extent, but
not entirely, a question of determining converslon factors based
on the difference in those properties of aluminum and steel which
affect their resistance to the various possible modes of fallure
in service. |

As such conversion factors presume no variétion in applied
loads, the possible effects  of the use of aluminum on the ap-
plied loads also needed to be investigated.

‘Another aspect to be accounted for was to ensure that where,
by virtue of structural arrangement or extreme differehceé in mat-
refial properties, additional requirements became necessary for
aluminum construction they were included in the Rules and where
those for steel construction becamé redundant they were omitted.

It seems appropriate'hefe to also acknowledge the valuable

assistance provided by the Alumlinum Assoclation of America, parti-
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cularly in developing the sections of the Rules on materials,

welding and corrosion protection.

ESTABLISHMENT OF CONVERSION FACTORS FOR SCANTLINGS OF ALUMINUM
VESSELS -~

The possible modes of fallure for a steel vessel are tensile
yleld, shear yield, fatigue frgcture, instébility in compression
and brittle fracture. Understandably the Rules for aluminum ves-
sels should provide Qt least the same reliabillity against struc-
tural failure in any of these modes as do the Rules'for steel ves~
sels. The following consideration was given to this in the ce-
velopment of the Rules for aluminum vessels, Unless specifically
mentioned otherwise the reference to ﬁteel throughoﬁt is to ordi-
nary strength Rule steel.

Tensile strength

The basic tensile strength conversion factor eStabiiahed to
ensure that the aluminum structure has tenslle strength

equivalent to that of steel is:

Qo = Ys + Us
Yal + Ual
where

Ys = the minimum tensile yleld strength of ordinary-
strength Rulevsteel

Us = +the ultimate tensile strength of ordinary-
streficth Rule steel

Yal = +the minimum tensile yield strength of the welded.
aluminum alloy at 0.2% offset

Ual = the minimum ultimate tensile strength of the

welded aluminum alloy
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The form of this conversion factor is similar to that used
to derive higher strength steel requirements from those of
ordinary strength steel and it is considered equally appro-
priate to expreSs the equivalent tensile strength require-
ment for aluminum,
Although the initial failure mode would be yield, the con-
version factor glves equal prominence to ultimate strength
for the following reasons, For many years ultimate tensile
strengtﬁ wes the only tensile strength test property on
which material approﬁal was based and therefore that on
which much experience was acquired. Its use also serves
- to provide some degree of equivalent strength, load carry-
ing capacity, beyond the yield strength and ultimate strengtrl.
is more closely related to the fatigue strength of the mat-
erial than is the yield strength.
With the use of a fatigue strength conversion factor for
aluminum the two former reasons for including ultimate
strength in the equation still remain wvalid.
The requirements in the aluminum Rules for all structural
members which may be subject to tensile stress are given by
the product of this factor and the requirement for the same
structural member in the Rules for steel vessels, except
for plate thickness requirements for loading normal to the

plate where the stress varies with t2 and Qo is used.

Shear Strength

Structural casualty due to shear yield is extremely uncommon
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in steel vessels, particularly those in the length range
concerned, i.e., 150 to 500 feet. Nevertheless, it was
felt appropriate to give attention to this mode of failure
in developing the Rules for aluminum vessels,

It was concluded adequate to confine this consideration to
the webs of pfimary-and secondary structural supporting
members. The ratio or shear yield strength to tensile

&ield strength of aluminum is similar to that of steel but
the ratlo of ultimate shear strength to ultimate tensile
strength of aluminum is somewhat less than that of steel,
Converslon factors for shear strength would therefore be
about 12% greater than those for tensile strength, Qg, when
expressed in the same form, _
The reqﬁired thickness of the webs of primary structurél
members of aluminum, such as girders, transverse floors,
etc., is obtained by use of the conversion factors Q or Qo.
However,-én additional correction factor is introduéed in
the aluminum Rules by which the required web depth for ala-
minum members is increased 15% above that for steel members.
Tﬁe product of this incré@sed web depth and the web tﬁick;
ness giVen by use of Q or Qo results in web areas and shear
stresses comparable to those for steel in terms of resist- -
ance to shear failure, ‘
Secondary structural members such as beams, stiffeners, etc.
are usually rolled sections and requirements for them 1n

the Rules for steel vessels are given only in terms of sec-
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tion modulus. Provided openings in the webs are kept
within reasonable limits experience has shown the steel
manufacturers' standards to be such that compliance with the
gectlon modulus requirement ensures adequacy against other
possible modes of failure due to loading normal to the plat-
ing which member sfiffens. It is thought that aluminum manu-
facturers standards for rolled sections would be similarly
designed but as a precautionary measure further reference is
made to-this later in the form of guidance information in
Appendix A, It will also be explained later how in deriving
aluminum fillet weld sizes from those given in the steel
Rules, minor correction is made for the lower ratio for alu-
minum of ultimate shear strength to ultimate tensile strength.

Fatigue Strength

Fatigue fracture in steel vessels has not been found to be a
.failure mode on which scantlings need to be based. The
1imited occurrence has been confined generally to the welded
connections of internal structural members and the prevention
brought ﬁbout by revised details. Nevertheless, in recogni-
tion of the lower fatigue strength of aluminum compéred with
that of steel it was con§idered necessary to derive a conver-
sion factor with the intention of providing the aluminum ves-
sel-with a fatigue strength comparable to that of a steel
vessel. The conversion factor established is

Q = 0.91 + Ys
2 Yal




AMERICAN BUREAU OF SHIPPING «10-

where
Ys = the minimum yield strength or ordinary-
strength Rule steel
Yal = the minimum yileld strength of the welded

aluminum alloy at 0.2% offset
The requirements in the aluminum Rules for all structural
members subject to fluctuating stress of significant fre-
quency are given by the product of this factor and the re-
quirement for the same structural item in the Rules for
steel vessels, However, as with the conversilon factor Qo,
the plate thickness requirement for loading normal to the .
plate is obtained by use of the conversion factor_J?i The
factor Q is generally greater than Qo, the static tensile
strength conversion factor.
The conversion factor, Q, was developed so that the gluminum
vessel sea load stress (wave induced,hull girder bending
stress pius bottom shell stress due to local pressure) re-
sulting from its application would at any frequency at 1éast
ensure the same margin to fatigue'failure stress as exists
between the sea load stress and the fatigue failure stress
for a steel vessel. An example of the derivation of this
relationship is shown in Figure 1. .
The sea load stresses in the bottom shell for steel vessels
were estimated to be those due to wave lnduced hull girder

bending and local wave induced pressure. The wave induced

hull girder bending stresses at the varlous probability
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levels were taken from long-term predictions. It was assumed
that local wave induced pressures would follow the same trend
and could be estimated from a wave height of 48 foot (a 24
foot single amplitude). at lO2 cycles and would be zero at 108
cycles for a ship life of about 20-25 years. It should be
emphasized that these -values are used for comparative pur-
poses only.

The suitability of the conversion factor so derlved was

checked by Miner's Rule comparing the resultingznal/l\lal
for the aluminum alloy vessels wichnS/l\L‘-, predicted for steel

vessels. In the foregoing n 1s the number of cycles of a
particular sea load stress in service during the ship 1life
and N is the number of cycles to fatigue failure at the same
stress level., The results of this are shown in Table 2.
These values should also be regarded as being comparative
only.

It can be seen from the predicted fatigue lives of the struc-
tures, given by the reciprocal ofEEn /N , that the conversion
factor for fatigue strength, @ = 0,91 + Y; ot when used
to derive aluminum scantlings from those of aasteel member
can be considered to provide the aluminum structure with as

suitable a fatigue life as a steel structure.

Plate Stability in Compression or Shear

As the value of the modulus of elasticity of aluminum does

not vary with the alloy or temper it was thought unnecessary
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to introduce an additional conversion factor to ensure the
buckling strength of the aluminum vessel be comparable to
that of a steel vessel. Rather the conversion factors Q or
Qo could be given minimum values to do this.

For the equivalent resistance to elastic buckling in compres-

sion for the strength deck, bottom and side shell plating.

ya
Es, {ts > x SMs . Eal‘(tal) x  SMal
s M s M

in the Rulés for aluminum vessels

tal = Qts
and for hull girder section modulus

SMal = Q SMs
and

2 g
Es ts X SMs - (Qts) X @ SMs
Eal s M s M

or where 1.401 =< @, the aluminum deck, bottom shell or side
shell has buckling strength equivalent to that of the steel
vessel.

For equivalent resistance to elastic buckling due to shear in

the webs of primary members

2 2
Es . (E‘.) X As = Eal, Eﬂ) X é-‘?“-]—“
s SF 5 SF

in the Rules for aluminum vessels

tal = Qts
& dal = 1.15 dg
& A al = 1.15 Q Agq

then
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ts 2 x As __ [Qts 2 x 1,15 Q As
s SF

s S T\ s,

or where 1.34 = Q, the web of the aluminim primary member

has buckling strength equivalent to that of the steel member.

Es
Eal

ts

tal
SM

‘SMal

ds

dal

As
Aal

modulus of elasticity of steel

modulus of elasticity of aluminim

required minimum thickness for ordinary-strength
Rule steel

required minimum thickness for aluminum alloy
required hull girder section modulus, ordinary
strength Rule steel vessel

required hull girder section modulus, aluminum
vessel

aluminum scantling conversion factor for fatigue
strength equivalent to ordinary-strength steel
required minimum depth of web of primary member,
ordinary-strength steel

required minimum depth of web of primary member,
aluminim

ts x ds M = Hull Girder Bending Moment'

tal x dal SF = Shear force in primary member web

The present requirements in the Rules for steel vessels for

bottom shell, side shell, strength deck and the webs of pri-

mary structural members are shown by service experience to be

most adequate., Accordingly, 1t was considered reasonable to

establish a minimum value of conversion factor, Qo or Q, of
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1.30 for deriving from the requirements for steel vessels,
aluminum, bottom shell, side shell, strength deck and pri-

mary web scantlings adequate in resistance to buckling.

Stability of Internal Stiffening Members in Compression
Service experience of sfeel vessels indicates no evidence

of instability of the complete member due to sea loads or
internal hull loads. The members subject to the highest com-
pressive stresses are probably bottom shell and deck longi-
tudinals, It was concluded that for aluminum vessels- the
hull girder bending stresses reduced by the coefficient Q

and the sectlion modulus (and consequently inerti@ of the
internal stiffening member increased by the conversion factor
Q@ would ensure aluminum internal stiffening members torhave
adequate stability under compressive loads.

Strength of Pillars and Stanchions in Combression

The allowable compressive load on aluminum pillars and

stanchions is given by

=3 A.val

wa = [1.02-5.93x10 1/r ) . metric tons

or Wa = (6.49-0.452 (1/7) A.Yal long tons
| 24000 ,

where

Wa = allowable load

1 = unsupported span in cm or ft

r = Jleast radius of gyration in cm or in

A = cross-sectional area of pillar or stanchion in

2

cm or in2
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val = minimum yield strength of welded aluminum-allc -
at 0.2% offset
This requirement 1s derived from the critical load curve
and is based on providing the same factor of safety for
aluminum pillars and stanchions as presently given in the
Rules for steel pillars and stanchions.
Derivation of this requirement is illustrated in Figure 2.

'Brittle Fracture

The fact that aluminum remains ductile even at low‘tempera-
tures glves aluminum adventages over steel in this respect.
Provided suitable attention is given to detail and workman-
ship it was conslidered there was no need for any requirements
addition to those in the Rules for steel vessels.

Resistance of Aluminum to Corrosion

In recognition of the superior resistance of aluminum to cor-
rosion compared with steel, a 10% reduction was given to all
the requirements for aluminum derived from the Rulés for
steel vessels.

Effect of Welding on Strength of Aluminum

As there is a definite reduction in strength due to.welding,
the minimum yield and minimum ultimate tensile strengths 6£
aluminum used to obtain conversion factors are for weldéd
aluminum specimens. Minimum expected values for the.varidus
alloys are given in Section 30, Table 30.1, with the provi-

sion there that higher minimum values may be adopted where
they can be verified by test.
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Conversion Factors

The conversion factors developed in accordance with the fore-
going, to ensure the reliability against failure of an alumi-
num vessel is comparable fo that of a steel vessel, are shown
'in Table 2 for various aluminum alloys.

EFFECT OF ALUMINUM CONSTRUCTION OF INTERNAL HULL LOADS

Still water Bending Moment (SWBM)

For vessels with identical form, dimension, draft and arrange-
ment the internal load distribution of an aluminum vessel will
“4n most cases differ from that of a steel vessel because of
its reduced lightweight and increased deadweight, Thls can
in certain circumstances result in an lncrease iﬁ SWBM and

in general it makes the aluminum vessel more sensitive than

a steel vessel to change in SWBM for change in cargo distri-
bution. The numerical effect on the SWBM of this change in
internal load distribution was investigated and showed an
aluminum vessel could have a SWBM of up to L0% greater than
that of a steel vessel of ldentical form, dimension, draft

and arrangemenﬁ. For steel vessels under koo feet,of normal
form and loading,SWBM calculations are not requiréd since

the SWBM is not éxpected to be critical. However, with the.
possibility of up to a 40% increase in SWBM for some alumi-
num vessels it was found that critical values of SWBM could
occur at lengths much less than 400 feet. .Accordingly, it

is required in the Rules for aluminum vessels that SWBM
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calculations be submitted for vessels of length 200 feet or
more, It seems worthwhile to mention that the greater sensi-
tivity to change of the aluminum vessel SWBM for change 1n
cargo distribution need not always result in a value of SWBM
greater than fof a similar‘steel vessel, If not in conflict
with other design requisites advantage may be taken of 1t in
 certain cases to reduce the SWBM below that of a similar
steel vessel. In determining the SWBM, caution should be
taken in the use of lightweight LCG values which might have
be determined for steel vessels as ﬁhey may not therefore be
accurate enough.

There will most probably be higher still water shearing
forces with the higher SWBM's that may occur in aluminum ves-
sels, For homogeneously loaded steel vessels o§'500.féet in
length and'less,lSWSF has not to our knowledge been a govern-
ing deslign parametef and it is véry probable that the side
shell increased by the conversioﬁ factor @, would ensure

the same for uniformly loaded aluminum vessels. However, it
is felt prudent, although not a requirement in the Rules,
that for larger aluminum veséels_the SWSF be determined and
side shell scantlings verified accordingly. Where'cargp‘or
ballast is distributed non-uniformly,paragraph 6.9 of the
aluminum Rules requires investigatiqn of SWSF and resulting
shear stresses.

Local Internal Cargo Loading due to Increased Deadwelght

For vessels of ldentical form, length, breadth, drift and.
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arrangement, the alumlinum vessel will have a greater cargo
deadwelght and consequently a greater cargd load on inner
bottom and tween decks.

As inner bottom longitudinals and reverse frames are based
on depth of vessel to freeboard deck and tween deck scant-
lings on height of tﬁeen deck, these members would be
automatically corrected for capacity cargoes.

However, for deadweight cargoes there are no requirements in
the Rules for steel general cargo vessels té account for the
considerable variation in'cargo loads and as this variation
may be greatly 1in excess of that résulting from the increased
deadweight of an aluminum vessel it is concluded that addi-
tional correction for the latter need not be made.

Local Internal ifoading due te Different Hull Proportions

It 1s quite possible that the optimum design aluminum vessel
‘may, for compliance with the hull girder inertia and section
modulus requirements, have & lesser L/D ratio than do steel
vessels,

In the Rules for steel vessels the réquired thickness of tank
end floors is based on vessel length although in double bottom
tanks the actual load is related to the tank overflow height.
Presuming the overflow to extend to the upper deck the pre-
sent requirements for tank end floors become deficient by

tank standards when the depth of vessel exceeds about L/9.5.

While this depth is rarely if ever exceeded in steel cargo
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vessels, 1t may be for aluminum vessels. Consequently, in
the aluminum Rules reference is made to the tank end floor
requirements that they comply also with the requirements for
tanks,

Stiffness of Structural Members

There appears fo be a relationship between the value of hull
girder inertia and the value of high frequency wave induced
bénding (springing) stresses although for ocean-going ves-
sels requirements necognizing this have not so far been
developed. As there is a minimum required hull girder in-
ertia for steel vessels it was concluded the same shonld be
developed for aluminum vessels. The requirement developed is
comparable to the minimum value for steel vessels, allowing
deflection slightly greater than permitted for higher stréngth
steel vessels.

The required standard for the stiffness of aluminum primary
structural members given by the lncrease of the steel sec-
tion modulus by the factor Q@ or Qo and the 15%-increase in
minimum depth of the member above that required for steel
results in a deflection about 50% greater than for steel
members,

The stiffness of secondary stiffening memhers, frames, beams_
and stiffeners, for aluminum vessels 15 obtalned indirectly

by increasing the section modulus by the conversion factor

Q or Qo.
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It was concluded that for aluminum vessels the stiffness
of the various interconnected structural members were, 1in
relation to each other, similar to those for a steel hull,
Consequently, the structural response of the hulls would be
‘comparable‘and no appreciable change in actual applied load

was anticipated in this respect due to the use of aluminum.

SPECIAL REQUIREMENTS.FOR THE RULES FOR ALUMINUM VESSELS

Specia; Material

Because pf the superior charactefistics of aluminum in re-
maining ductile at low témperatures it was not considered
necessary to retain the requirements in the Steel Rules for
special notch materials for the bilge, sheerstrake and
" stringer plétes.

End Attachments

Althqugh aluminum has the adﬁantage over steel of being
- ductile even at low temperatures, experience has shown
-fractures to have occurred where the ends of double bottom
tank boundary sfiffeners have terminated on unstiffened
shell plating. Provision 1s made in thexRules for aluminum
vessels to prevent this type of end connection.
Service
It was not anticipated that aluminum vessels would be de-
signed for service involving cargo discharge by grabs,
navigation in ice or alternate hold loading. Consequently,
requirements for these features were not included in the

Rules for aluminum vesseis.
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As the requirements for liquefie& gas carriers are to soon
undergo complete revision they were also excluded.

Corrosion

Where this would be unavoidable, as in the case of steel

‘anchor chain in chain and hawse pipes,. the latter are re-

quired in the equipment section to be constructed of steel,
The boundaries of aluminum chain lockers, considering both
avoldance of dissimllar metal contact and impact damage, are'

required to be sultably sheathed internally.

Welding
Fillet weld requirements were taken directly from the Rules

for steel'veséels, it being considered all necessary cor-

rectipns for material properties already reflected in the

; plate thickness. Minor increase was made, however, to the

required fillet weld size to correct for the lower ratio

- for aluminum of ultimate shear strength to ultimate tensile

strength. Fillet weld requifgments are given for continuous
welding as 1t was thought that in genefal it would be pre-

ferred both to minimize crater cracking,'notches formed at

: end of welds are particularly critical in view of reduced

strength properties in way of welding, and to minimize cre-
vice corrcsibn in moist environments, |

The welding section was rewritten to cover aluminum welding
procedures and techniques. In general it is expected that
metal inert gas (MIG) process will be preferred to the

tuhgsten inert gas (TIG) process, the former being faster,
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requiring less experienced welders, no preheat and involving
- less distortion.

Service Experience

.With some 10 classed aluminum vessels representing about 65
ship years service, service'experiencé is very small-comparéd
with steel vessels. "However, it nevertheless provides a
valuable means of assessing to date the service performance
of aluminum vessels, | |

The resistance to corrosiop has been verified where care is
given to the choice of material for pipes and fittingé and
the measures outlined in the section in the Rules covering

. corrosion are complied with. l

Scattered minor corrosion on'the foils of hydrofoil vessels
and local hull wastage on other vessels, where the insulation
between dissimilar metals had deteriorated, has been recorded.
There have been some casualties in service with aluminum ves-
sels, none have been major and by far most have been local
fractures originating near welds in undesirable details,

The indiecaions are, therefore, that in the design and construc-
tion of aluminum vessels attention to detail is at least as
equally important as it is for steel vessels., Some of the
details which have resulted in local casualties are illuétrg-
ted in Figures 3 to 7 together with the recommendéd detailé.
It should be noted that the same details on a steel vessel
would probably have resulted in fracture in the same eircumé

stances. Of equal importance is the fact that in no case
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did the recorded fractures propagate to any extent after

their initiation and that after repair and improvement of
detall most have been subject to an additiénal slx years

gervice 1n which the corrected detalls have proven satls-
factory.

ATUMINUM VESSELS LESS THAN 150 FEET IN LENGTH

The scantlings for aluminum vessels under 150 feet may be
obtained from the Rules for Building and Classing Steel Veésels
under 61 meters (200 feet) in Length by use of the conversion
factors given in the Rules for Building and Classing Aluﬁinum
Vessels. '

FIRE PROTECTION

The approval of insulation of aluminum structures to pre-
‘vent fire propagation is the responsibllity of the Administra-
“tion of the country of registry. For those aéeking'some guid-
ance on this aspect of aluminum construction, reference may be
made to the new SNAME Bulletin 2-21 "Aluminum Fire Proteétion
Guidelines",
CONCLUSION

There has been little doubt from past experience that alum-
inum is an excellent material for building vessels of up to about
100 feet in length. Recent experience has shown that this islnot
the limit to vessel size,with vessels of 300 foot now in service
and an experience in service of ABS classed aluminum vessgls of
éll sizes and types which is satisfactory. It is hoped the de-

velopment and publica;ion by the American Bureau of Shipping of
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Rules for the Building and Classing of Aluminum Vessels will, in
keeping with .all the other Bureau Rules, provide industry with
the services it may need to be able to take full advantage of
the progress in the manufacture of shipbuilding materials, Ap-_
pendix A, while not a part of the paper to be dellvered, is at-.
tached herewith and includes some design features of aluminum
vesse;s_which may be of interest or assistance to owners,
builders or designers. :

In closing, thahka is given to my colleagues in the New York
Hull Technical Staff for thelr most valuable time and advice in
editing this paper. Reference to the following sources oflinform-
,ation is also acknowledged: |

ABS Rules for Building and Classing Steel Vessels,

ABS Rules for Building and Classing Aluminum Vessels,

"Design Considerations for Aluminum Hull Structures”
by C.J. Altenburg ani R.J. Scott. Gibbs & Cox

"Aluminum and its Use in Fishing Vessels" by C.W. Leveau,

Paper No. U4 Part 1 "Aluminum for Small Craft" by
W.J. Allday - RINA. Symposium on Small Craft.
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APPENDIX A

Particular Design Considerations

There are with Rule development generally by-products of
investigations which, while not always having a direct bearing
on classification requirements, are often most useful to designers
builders or owners, For this'reason some items coming into this
category are mentioned below.

Rudders

With the exception of hydrofoil vessels, it appears that
spade rudders are preferred for aluminum vessels. For the former,
lower end support of the rudder is provided by the stern foil.
Stéel rudders with atainless steel stocks or forged steel stocks
having stainless steel sleeves from top of rudder to Just below
the tiller have been used, as have stainless steel rudders with
stainlese steel stocks. Steel rudders have_been coated externally
by zinc chromate paints or provided with zinec anodes.

Quite recently on smaller vessels approval has been given to
the use of aluminum rudders and aluminum rudder stocks.' For the
latter, suitable conversion factors based both on shear strength
and tenslle strength need to be used and attentlion needs to be
glven to any dissimilar-material properties at the stéck to
tiller keyed connection,

Prevention of Corrosion

7 The following is in addition to the contents of the general

reqgulirements in the Rules for aluminum vessels,
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External underwater surfaces, lncluding sea chests, are
usually coated for anti-fouling purposes. As paints containing
mercury in any form and copper under certain circumstances should
not be used, the'ﬁaint manufacturers recommendations need to be
sought for the suitability of the paint.
| Uncoated aluminum fresh water tanks, even without dis-
similar metal fittings, have been known to be subject to rapid
corrosion and it seems advisable they be coated internally with
epoxy paint or,similaf.

In wet spaces such as bilges or chain lockets, ete., heat
treated aluminum needs to be used to preveht exfoliation cor-
rosion, i.e.,, intergranular corrosion caused by excess magnesiun
precipitation into grain boundaries. |

It appears that the 5000 serles of aluminum alloys can be
exposed uncoated to marine grade fuel oils, salt water and
sewage without cqrrosion problems,

It shouid be emphasized that the foregoing, particdlarly
for uncoated aluminum, is valid provided careful attention is
given to selection of.piping and fittiﬁg materials,

Use of the same aluminum alloy as the hull or tank is of
‘course, most preferable, however, plastic gnd stainless steel
have been used,

External cathodic protection is very often used. Zine
anodes are generally fitted on steel rudders and on both aluminum
and steel struts as well as locally to the aluminum hull at fhe

forward and aft ends.,
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It should be mentioned that in thé foregoing, where refer-
ence 1s not made to a particular material or arrangement, 1t is
not intended to indicate its unsuitabllity.

Shafts a.nd Shaft Struts

' "Pfopeller shafts have generally been of stainless steel,
with, In a few cases, steel shafts with stainless steel sleeves.

Shaft struts have been of stainless steel or alumimum.

Secondary Stiffening Members

For secondary s-tiffenj.ng members such as beams, stiffeners
and frames, provided web openi'ngs were kept within reasonable
limits, it would seem that shear strength equivalent to steel
members would be obtained if the depth for beams and stiffeners

were not less than about length/34 and for frames not less than

about length/’aS.
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Paper "The Development of Rules for Building and Classing
Aluminum Vessels" Robert Curry, Principal Surveyor,
Hull Technical Staff, American Bureau of Shipping,
45 Broad Street, New York, NY

Errata Page 4, last two lines

Change: "Rules for Building and Classing Vessels"
To. ¢ "Rules for Building and Classing Steel
Vessels!

Page 13, after definition of A,
Add: "s = stiffener spacing"

Page 16, sixth line

Change: "Effect of Aluminum Construction of Internal
Hull Loadg"

o "Effect of Aluminum Construction on Internal
Hull Loads™

Page 20, 12th 1line
Change: "special notch materials"

T "special notch tough materials"



