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Properties of Aluminum

Periodic Table of the Elements

Element Categories

atomic number
chemical
symbol

element name
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* Numbers given In parentheses. e.. 78.96(3), indicate the Primordial
standard uncertainty, | o., 78.96(3} means 78.96 + 0,003

Elements with masses given in brackets, e [265], da not From decay
have stable neuclides. The value given indicates the mass of

the longest-lived Isotope of the given element or characteris- :
tic Isotopic composition Synthetic

118

Ds Uut Fl Uup Lv Uus Uuo

flerovium ununpentitim livermorium ununseptium ununectium
[293] [294] [294]

102 103

Actinoids.
89-103
meitnerium darmstadtium  roentgenium ununtrium

[27615] [281.16] [z80.16] [284.18] [z899] f288.18]
o . .....-
89 %0 91 92 93 96 97 98 99 100 101

o | B | Th| 22| U | Np| Pu |2m|cm| Bk | €F | Es | Fm|Md| No | Lr

americium curium berkelium californium elnsteiniunt Fermium mendelevium nobelism lawrenciun
[243.0614] [247.0704] 2470703] [251,0786] [252.0829] [257.0051] [258 0588 [258.1008] [as52.111

plutonium

actinium thorium protactinium uranium neptunium
[244.0642]

1227031 232.03806(2) 231.03588(2) 238.02891(3] 125704821




Properties Compared to Steel

Property

Coefficient of Thermal Expansion (per degree C)
Specific Gravity

Yield Strength (ksi)

Ultimate Strength (ksi)

Brinell Hardness

Melting Point (degrees F)

Elongation (% change in length before fracture)
Resistivity (ohm-meter)

Aluminum Steel (ABS
(5083 H116) Grade A)
22.5x10"-6 11.7x10"-6
2.71 7.85
31 34
44 58
70 116
1215 2802
12% 24%
2.82x10"-8 1.61x10"-7
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Galvanic Series

0.2 0 -2 =-0.4 =06 -0.8 -1.0 -1.2 -1.4 -1.6
Magnesium [ ]
B Zinc
| | Bervilium
e ] Aluminium alloys
| Cadmium
— Mild steel & Cast iron
| Low alloy steel

Bl Austenitic cast iron
| Aluminium bronze
[ | Naval brass, vellow brass & red brass
n Tin
[ ] Copper
| S/S0 lead tin solder
== Admiralty brass, aluminium brass
[l Manganese bronze
] Silicon bronze
Bl [ Stainless steel - grades 410, 416
[ ] Nickel silver
- 20/10 copper nickel
| 80/20 copper nickel
L [ ] Stainless steel - grade 430
Lead
T30 copper nickel
Nickel aluminium bronze

|
|
.
1 MNickel chromium alloy 600
Nickel 200
Silver
[ Stainless steel - grades 302, 304, 321 & 347
Nickel copper allovs - 400, K500
| — Stainless steel - grades 316 & 317

Alloy 20 stainless steel
Nickel iron chromium alloy 825

Titanium
L] Gold, platinum
[ ] Graphite |
4 MOST NOBLE - CATHODIC LEAST NOBLE - ANODIC p
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This table is taken from: Atlas Steel Technical Note No. 7 "Galvanic Corrosion". g‘
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Design Process
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Examples of Aluminum Passenger

| 21m Monohull

! 26m Catamaran

50m Monohull



Use of Aluminum In Vessels

e 1808 — Aluminum discovered by Sir Humphrey Davy

e 1895 — America’s Cup Yacht DEFENDER used Nickel Aluminum plate with bronze rivets above the waterline and
bronze plate below

e 1940 — Fletcher Class Destroyers with mild steel transverse frames 21” C-C supporting 3/16” aluminum plating
e 1951 —SS UNITED STATES with 2,000 tons of aluminum out of total lightship weight of 30,810 long tons.

e 1962 — USS HIGH POINT launched as first fully submerged hydrofoil constructed for U.S. Navy

e 1975 - Campbell Industries constructs three 165’ aluminum monohull ferries for Golden Gate.

e 1975 — ABS Rules for Building and Classing Aluminum Vessels

e 1977 — International Catamaran Pty Ltd established by Philip Hercus and Robert Clifford in Hobart Tasmania

e 1980 — USCG NVIC 11-80 issued titles “Structural Plan Review Guidelines for Aluminum Small Passenger Vessels”

e 1984 — M/V KLONDIKE constructed as first aluminum catamaran in U.S. Nichols Bros. Boatbuilders Hull S-73




Marine Aluminum Alloys

« The alloys that have 5 as the first digit of their alloy designation, (i.e. the 5xxx-series) have
magnesium as the principal alloying agent, and many also may have a significant amount of
manganese. The 5xxx-series are not heat-treatable, but obtain additional strengthening by
work hardening. The alloys with a 6 as the first digit, the 6xxx series, have magnesium and
silicon as principal alloying agents. These form magnesium silicide, which makes the alloys
heat treatable. The remaining three digits represent the specific alloy composition.

* Inan aluminum alloy, the 4-digit alloy designation is followed by a letter and several
numbers to indicate the temper of the alloy. The letter H indicates strain hardening, and T
indicates heat treatment. For strain-hardened alloys, such as those in the 5xxx series, a 1
following the H indicates that the alloy is only strain hardened. If the digitis 2, the alloy is
strain hardened and then slightly annealed, and if the first digit is a 3, the alloy is strain
hardened and then has the properties stabilized by either low-temperature treatment, or by
heat introduced during fabrication.

Table 2-1 Chemical Composition of Aluminum Alloys (Percentage by weight)

Alloy Si Fe Cu Mn Mg Cr Ln Ti Ir
052 0.25 0.40 0.10 0.10 2.2-2.8 [0.15-035] 0.10 - XX
059 0.45 0.50 0.25 [060-12| 5.0-6.0 0.25 (0.40-090| 0.20 XX
083 0.40 0.40 010 [(040-10( 4049 (005025 025 0.15 XX
086 0.40 0.50 0.10 (020-0.70( 3545 |0.05025 025 0.15 XX
383 0.25 0.25 0.20 0.7-1.0 | 40-32 0.25 0.40 0.15 XX
454 0.25 0.40 0.10 10.50-1.00] 2.4-3.0 [0.05-0.20f 0.25 0.20 XX
456 0.25 0.40 0.10 (0.50-1.00( 47-55 |0.05020f 025 0.20 XX
003A 50-.90 035 0.3 0.5 40-70 0.3 0.2 0.1 XX
061 40-.80 0.7 13-40 0.15 80-1.20 [0.04-0.35| 0.25 0.15 XX
063 0.20-0.60( 0.35 0.10 0.10 045090 0.10 0.10 0.10 XX
082 0.7-1.3 0.50 0.1 040-10| 0.6-1.2 0.25 0.20 0.10 XX




Fire Protection

e Aluminum begins losing its structural strength at a temperature of
approximately 232 degrees C (450 F)

e A-0 is satisfied by 3mm steel, or 5Smm aluminum plus 50mm to
60mm of ceramic fire insulation.

 Where 'A' Class bulkheads are constructed of aluminum alloy, they
should have equivalent strength, stiffness and efficiency to that of
steel bulkheads having the same length or unsupported span.

 The following table gives the ratios which may be used to obtain
these equivalent values:

= Plating thickness 1.4 x thickness of steel of aluminum alloy plating

= Modulus (1/7Y) of 2.35 x Modulus (1/Y) of aluminum alloy stiffeners steel
stiffeners

= Inertia (1) of aluminum 2.8 x Inertia (1) of alloy stiffeners steel stiffeners
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Corrosion & Cracking




Aluminum

Pros Cons

e Lightweight e Sensitive to galvanic action
e Resistant to corrosion « Sensitive to loss of strength
- Easily worked under high heat

e Proven methods of  Less elastic than steel

construction and inspection
e Custom extrusions are possible
e Can be left unpainted




Questions?
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