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1. Scope—This report approaches the material selection process from the designer's viewpoint.  Information is
presented in a format designed to guide the user through a series of decision-making steps.  "Applications
criteria" along with engineering and manufacturing data are emphasized to enable the merits of aluminum for
specific applications to be evaluated and the appropriate alloys and tempers to be chosen.

2. References     

2.1 Applicable Publications

2.1.1 SAE PUBLICATION—AVAILABLE FROM SAE, 400 COMMONWEALTH DRIVE, WARRENDALE, PA 15096-0001.

SAE J399—Anodized Aluminum Automotive Parts

3. General Characteristics—In summary, aluminum is a suitable material for automotive applications.  Its
performance is a function of the degree to which its characteristics - which are different from steel - are
recognized and taken into account in the design, fabrication, and assembly operations.

3.1 Strength—Typical property characteristics are illustrated in Figures 1 and 2.  Commercially pure aluminum
has tensile yield and ultimate strengths of about 50 MPa (7 ksi) and 90 MPa (13 ksi).  Values approaching 500
MPa (73 ksi) and 600 MPa (87 ksi) can be obtained with a combination of the following:

a. Working the metal, as by cold rolling and forming.
b. Alloying aluminum with small percentages of one or more other metals such as manganese, silicon,

copper, magnesium, or zinc.
c. Heat treatment and aging, as in the case of heat-treatable alloys.  As a general rule, there is a

reduction in elongation as yield and ultimate strengths of an aluminum alloy are increased by cold
work or heat treatment.  For alloys having a tensile yield strength of 500 MPa (73 ksi), elongations vary
from 8–12%.

The strength and modulus of aluminum and its alloys decrease at elevated temperatures, although some
alloys retain good strength at temperatures up to 200–260°C (400–500°F).  At sub-zero temperatures,
however, their strength increases without loss of ductility so that aluminum is a particularly useful metal for low-
temperature applications.
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3.2 Fatigue—Components subjected to repeated loads should be carefully checked for the possibility of fatigue
failure.  Aluminum does not exhibit well-defined endurance limits.  Typically, the endurance limits published for
aluminum alloys are based on 500 million cycles.  More data are being generated at 10 million cycles.

Limited strain control life data are also available.  An S/N curve representing the design condition is required to
take full advantage of an aluminum alloy when designing for fatigue.  Connections, joints, holes, or other
features that cause stress concentrations are areas subject to fatigue, especially with aluminum alloys.  Careful
design can reduce concentrations in highly stressed areas, thereby making the most efficient use of the
material.  All changes between different cross sections within a component should be gradual, as smooth
transitions produce an improvement in the fatigue life of a component.  In the assessment of fatigue, it is
invaluable to compare available test data for joints similar to those of interest.

3.3 Corrosion Resistance—Aluminum alloys are known for their excellent atmospheric and road salt corrosion
resistance, which results from the tightly adherent natural oxide film present on the surface.  In many instances,
aluminum alloys can be exposed to industrial and seacoast environment with no protection; others may require
a protective coating at least on faying surfaces.  In situations where crevices and pockets allow accumulation of
mud and road salts and at junctions with dissimilar metals (galvanic couples), the corrosion protection of the
natural oxide is insufficient and severe corrosion damage can occur.  The former conditions should be avoided
where possible in the design stage (for example, elimination of shelves, incorporation of drain holes, etc.).  The
elimination of the latter galvanic joints is extremely difficult or impossible in most ground transportation
applications and various combinations of coatings and insulation techniques must be utilized.

Certain alloys, especially those containing over 3% magnesium and magnesium/zinc can be susceptible to
stress corrosion cracking.  This susceptibility must be considered in design and testing and care should be
exercised in selecting appropriate alloys and tempers when designing structural members from these alloys.

3.4 Finishing—Aluminum needs no protective coatings for many applications.  In many instances, the surface
finish supplied is entirely adequate without further finishing.  Where the plain aluminum surface does not
suffice, or where decoration or additional protection is required, a wide variety of surface finishes such as
chemical, electrochemical, and paint finishes may be applied.

Chemical conversion coatings are available for additional corrosion protection.  They also provide an excellent
base for paint.  Electroplating procedures have been developed to give aluminum an attractive, durable finish.
Anodic coatings are used for both decorative and functional applications.  Hardcoat anodized aluminum
surfaces can provide wear resistance similar to case-hardened steel.  Vitreous enamels have also been
developed for aluminum.

3.5 Fabrication—Aluminum can be cast, stamped, drawn, extruded, forged, spun, roll formed, and cold impacted.
Typical aluminum body-sheet alloys are not as formable as low-carbon steel, but are comparable to high-
strength low-alloy steels.  Aluminum can be fabricated on conventional press lines with modifications in tooling,
lubrication, and handling.  Formability considerations should be taken into account in the initial design phase.

3.6 Machinability—The high speed with which many aluminum alloys may be machined is an important factor in
determining the manufacturing cost of aluminum parts.  Aluminum may be turned, milled, bored, or machined
at the maximum speeds of which most machines are capable.  An example of this is aluminum rod and bar
employed in the high speed manufacture of parts by automatic screw machines.

3.7 Joining—Aluminum may be resistance welded, arc welded, brazed, soldered, and adhesive bonded.  It may
also be joined by mechanical systems such as hemming, riveting, clinching, pierce riveting, bolting, and
stitching.  Resistance welding, clinching, and riveting may be combined with adhesives for improved strength
and fatigue life.  Resistance spot welding, for high-speed production applications, is in the developmental
phase.

3.8 Electrical Conductivity—Electrical conductor grades of aluminum have 62% of the current carrying capacity
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of copper in equal volumes.  These grades of aluminum have equal current carrying capacity at 1/2 the weight
of copper.  The high electrical conductivity property has led to the widespread use of aluminum in
electromagnetic radiation shielding.

3.9 Magnetic Properties—Aluminum is nonmagnetic if sufficiently free from paramagnetic impurities such as iron.
This property has led to the use of aluminum in sensitive mechanical and electronic devices.

3.10 Thermal Conductivity—The high thermal conductivity of aluminum has led to its extensive use in radiators,
heat exchangers, heat sinks, and other devices that involve the transfer of thermal energy.

3.11 Reflectivity—Aluminum is an excellent reflector of radiant energy through the entire range of wavelengths,
from ultraviolet through the visible spectrum and infrared heat waves.  It is used for heat shields.  It also reflects
electromagnetic wavelengths in the radio and radar range.  Aluminum has a light reflectivity of over 80% which
has led to its wide use in automotive trim, reflectors, and in lighting fixtures.

4. Alloy and Temper Designation Systems

4.1 The Metallurgy of Aluminum—This section is intended to give the automotive designer a brief overview of
the different types of alloys available and an indication of the effects of alloying elements.  The numerical alloy
designation system adopted by the aluminum industry is based on the principal alloying elements in each class
of alloy.

In high-purity form, aluminum is soft and ductile.  Most automotive uses, however, require greater strength than
pure aluminum offers.  This is achieved in aluminum first by the addition of other elements which singly, or in
combination, impart strength to the metal to produce various alloys.  Further strengthening is possible by heat
treatment and cold work.

4.1.1 NON-HEAT-TREATABLE ALLOYS—The initial strength of alloys in this group depends on the hardening effect
provided by manganese, silicon, iron, and magnesium, singly, or in various combinations.  The non-heat-
treatable alloys are usually designated as the 1000, 3000, 4000, or 5000 series.  Further, strengthening is
achieved by various degrees of cold working, denoted by the "H" series of tempers.  Alloys containing
appreciable amounts of magnesium, when supplied in strain-hardened tempers, are usually given a final
elevated-temperature treatment called stabilizing to insure stability of properties.

4.1.2 HEAT-TREATABLE ALLOYS—The initial strength of alloys in this group is enhanced by the addition of alloying
elements such as copper, magnesium, zinc, and silicon.  These alloys are designated as the 2000, 6000, or
7000 series.

It is possible to subject them to thermal treatments which will impart pronounced strengthening, denoted by
the "T" series of tempers.

The first step, called heat treatment or solution heat treatment, is an elevated-temperature process designed
to put the soluble element or elements in solid solution.  This is followed by rapid quenching, usually in water.

At room or elevated temperature, the alloys are not stable after quenching and precipitation of the
constituents from the super-saturated solution begins.  After a period of several days at room temperature,
termed aging or room-temperature precipitation, the alloy is considerably stronger.  Many alloys approach a
stable condition at room temperature, but some alloys, particularly those containing zinc magnesium or zinc
with magnesium and copper, continue to age harden for long periods of time at room temperature.

By heating for a controlled time at slightly elevated temperatures, further strengthening is possible and
properties are stabilized.  This process is called artificial aging or precipitation hardening.  By the proper
combination of solution heat treatment, quenching, cold working, and artificial aging, the highest strengths
are obtained.

 
 

_________________________________________________________________________________________________ SAE INTERNATIONAL J1434™ JAN2018 Page 3 of 28

Full document details: SAE J1434_201801

http://avadocuments2026.com/doc/sae-j1434-201801
http://avadocuments2026.com/doc/sae-j1434-201801


4.1.3 ANNEALING CHARACTERISTICS—All wrought aluminum alloys are available in annealed form.  In addition, it
may be desirable to anneal an alloy from any other initial temper, after working, or between successive
stages of working such as in deep drawing.

4.2 Alloy Designation System and Effect of Alloying Elements

4.2.1 1000 SERIES—Aluminum of 99% or higher purity.  This series has many applications especially in the
electrical and chemical fields and is characterized by excellent corrosion resistance, high thermal and
electrical conductivity, low mechanical properties, and excellent workability.  Moderate increases in strength
may be obtained by strain hardening.  Iron and silicon are the major impurities.

4.2.2 2000 SERIES—Copper is the principal alloying element in this group.  These alloys require solution heat
treatment to obtain optimum properties.  The heat-treated condition has mechanical properties that are
similar to, and sometimes exceed, those of mild steel.  In some instances, artificial aging is employed to
further increase the mechanical properties.  This treatment increases yield strength, with attendant loss in
elongation; its effect on ultimate tensile strength is not as great.

4.2.3 3000 SERIES—Manganese up to 1.5% is the major alloying element in this group of work-hardenable alloys.
One of these is the alloy 3003 which is widely used as a general-purpose alloy for low to moderate strength
applications requiring good workability.

4.2.4 4000 SERIES—The major alloying element of this group is silicon, which can be added in sufficient quantities
to cause substantial lowering of the melting point without producing brittleness in the resulting alloys.  For
this reason, aluminum-silicon alloys are used in welding wire and as brazing alloys where a lower melting
point than that of the parent metal is required.  Alloys in this series are non-heat-treatable.  When used in
welding heat-treatable alloys, they will pick up some of the alloying constituents of the latter and so respond
to heat treatment to a limited extent.

4.2.5 5000 SERIES—Magnesium is one of the most effective and widely used alloying elements for aluminum.
When it is used as the major alloying element or with manganese, the result is a moderate to high strength
non-heat-treatable alloy.  Alloys in this series possess good welding and low temperature characteristics and
good resistance to corrosion in marine atmosphere.  Certain limitations should be placed on the amount of
cold work and service temperatures for the higher magnesium content alloys (alloys with over 3%
magnesium) to avoid susceptibility to intergranular forms of corrosion.

4.2.6 6000 SERIES—Alloys in this group contain silicon and magnesium and are heat-treatable.

The magnesium-silicon (magnesium-silicide) alloys possess good formability and corrosion resistance, with
medium strength.  Alloys in this heat-treatable group may be formed in the solution heat-treated condition
and then artificially aged to attain optimum properties.

4.2.7 7000 SERIES—Zinc is the major alloying element in this group which is usually coupled with a smaller
percentage of magnesium resulting in heat-treatable alloys of very high strength.  Usually other elements
such as copper and chromium can be added in small quantities.

4.2.8 8000 SERIES—This series is used for wrought alloys where the principal alloying element is not covered
within the preceding series.  Thus, a number of different and generally very specialized alloys are included in
the series.  The series includes alloys where iron is the principal alloying addition, which are general purpose
and high strength fin stock alloys.

4.3 Temper Designation System—The temper designation system is used for all forms of wrought and cast
aluminum alloys except ingot.  It is based on the sequences of basic treatments used to produce the various
tempers.  The temper designation follows the alloy designation, the two being separated by a hyphen.  Basic
temper designations consist of letters.  Subdivisions of the basic tempers, where required, are indicated by one
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or more digits following the letter.  These designate specific sequences of basic treatments, but only operations
recognized as significantly influencing the characteristics of the product are indicated.  Should some other
variation of the same sequence of basic operations be applied to the same alloy, resulting in different
characteristics, then additional digits are added to the designation.

4.3.1 BASIC TEMPER DESIGNATION

F-as fabricated - Applies to the products of shaping processes in which no special control over thermal
conditions or strain hardening is employed.  For wrought products, there are no mechanical property
limits.

O-annealed - Applies to wrought products which are annealed to obtain the lowest strength temper, and to
cast products which are annealed to improve ductility and dimensional stability.  The O may be
followed by a digit other than zero.

H-strain-hardened (wrought products only) - Applies to products which have their own strength increased
by strain hardening with or without supplementary thermal treatments to produce some reduction in
strength.  The H is always followed by two or more digits.

W-solution heat-treated - An unstable temper, applicable only to alloys which spontaneously age at room
temperature after solution heat treatment.  This designation is specific only when the period of natural
aging is indicated; for example: W 1/2 h.

T-thermally treated to produce stable tempers other than F, O, or H - Applies to products which are
thermally treated, with or without supplementary strain hardening, to produce stable tempers.  The T is
always followed by one or more digits.

4.3.1.1 Subdivision of H Temper: Strain-Hardened—The first digit following the H indicates the specific
combination of basic operations, as follows:

H1-Strain-hardened only.  Applies to products which are strain-hardened to obtain the desired strength
without supplementary thermal treatment.  The number following this designation indicates the degree
of strain hardening.

H2-Strain-hardened and partially-annealed.  Applies to products which are strain-hardened more than the
desired final amount and then reduced in strength to the desired level by partial annealing.  For alloys
that age soften at room temperature, the H2 tempers have the same minimum ultimate tensile strength
as the corresponding H3 tempers.  For other alloys, the H2 tempers have the same minimum ultimate
tensile strength as the corresponding H1 tempers and slightly higher elongation.  The number following
this designation indicates the degree of strain hardening remaining after the product has been
partially-annealed.

H3-Strain-hardened and stabilized.  Applies to products which are strain-hardened and whose mechanical
properties are stabilized by a low temperature thermal treatment which results in slightly lowered
tensile strength and improved ductility.  This designation is applicable only to those alloys which,
unless stabilized, gradually age soften at room temperature.  The number following this designation
indicates the degree of strain hardening after the stabilization treatment.

The digit following the designation H1, H2, and H3 indicates the degree of strain hardening.  Numeral 8
has been assigned to indicate tempers having an ultimate tensile strength equivalent to that achieved
by a cold reduction [temperature during reduction not to exceed 93°C (120°F)] of approximately 75%
following a full anneal.  Tempers between 0 (annealed) and 8 are designated by numerals 1–7.
Material having an ultimate tensile strength about midway between that of the 0 temper and that of the
8 temper is designated by the numeral 4; about midway between 0 and 4 tempers by the numeral 2;
and about midway between 4 and 8 tempers by the numeral 6.  Numeral 9 designates tempers whose
minimum ultimate tensile strength exceeds that of the 8 temper by 14 MPa (2.0 ksi) or more.  For two-
digit H tempers whose second digit is odd, the standard limits for ultimate tensile strength are exactly
midway between those of the adjacent two digit H tempers whose second digits are even.

NOTE— For alloys, which cannot be cold reduced an amount sufficient to establish an ultimate tensile
strength applicable to the 8 temper (75% cold reduction after full anneal), the 6 temper tensile
strength may be established by a cold reduction of approximately 55% following a full anneal, or
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the 4 temper tensile strength may be established by a cold reduction of approximately 35% after
a full anneal.

The third digit,1 when used, indicates a variation of a two-digit temper.  It is used when the degree of
control of temper or the mechanical properties are different from, but close to, those for the two-digit H
temper designation to which it is added, or when some other characteristic is significantly affected.  1

for three-digit H tempers.
NOTE— The minimum ultimate tensile strength of a three-digit H temper is at least as close to that of the

corresponding two-digit H temper as it is to the adjacent two-digit H tempers.

4.3.1.2 Subdivision of T Temper: Thermally-Treated—Numerals 1–10 following the T indicate specific sequences
of basic treatments, as follows: 2

T1-Cooled from an elevated-temperature shaping process and naturally-aged to a substantially stable
condition.  Applies to products which are not cold-worked after cooling from an elevated-temperature
shaping process, or in which the effect of cold work in flattening or straightening may not be recognized
in mechanical property limits.

T2-Cooled from an elevated-temperature shaping process, cold-worked, and naturally-aged to a
substantially stable condition.  Applies to products which are cold-worked to improve strength after
cooling from an elevated-temperature shaping process, or in which the effect of cold work in flattening
or straightening is recognized in mechanical property limits.

T3-Solution heat-treated, 3 cold-worked, and naturally-aged to a substantially stable condition.  Applies to
products which are cold-worked to improve strength after solution heat-treatment, or in which the effect
of cold work in flattening or straightening is recognized in mechanical property limits.

T4-Solution heat-treated3 and naturally-aged to a substantially stable condition.  Applies to products which
are not cold-worked after solution heat-treatment, or in which the effect of cold work in flattening or
straightening may not be recognized in mechanical property limits.

T5-Cooled from an elevated-temperature shaping process and then artificially-aged.  Applies to products
which are not cold-worked after cooling from an elevated-temperature shaping process, or in which the
effect of cold work in flattening or straightening may not be recognized in mechanical property limits.

T6-Solution heat-treated3 and then artificially-aged.  Applies to products which are not cold-worked after
solution heat-treatment, or in which the effect of cold work in flattening or straightening may not be
recognized in mechanical property limits.

T7-Solution heat-treated3 and overaged/stabilized.  Applies to wrought products which are artificially aged
after solution heat treatment to carry them beyond the point of maximum strength to provide control of
some special characteristics.

T8-Solution heat-treated,3 cold-worked, and then artificially-aged.  Applies to products which are cold-
worked to improve strength, or in which the effect of cold work in flattening or straightening is
recognized in mechanical property limits.

T9-Solution heat-treated,3 artificially-aged, and then cold-worked.  Applies to products which are cold-
worked to improve strength.

T10-Cooled from an elevated-temperature shaping process, cold-worked, and then artificially-aged.

1. Numerals 1–9 may be arbitrarily assigned as the third digit and registered with The Aluminum Association for an alloy and product to indicate 
a variation of a two-digit H temper provided:  (1) the temper is used or is available for use by more than one user, (2) mechanical property limits 
are registered, (3) the characteristics of the temper are significantly different from those of all other tempers which have the same sequence of 
basic treatments and for which designations already have been assigned for the same alloy and product, and (4) the following are also regis-
tered if characteristics other than mechanical properties are considered significant:  (a) test methods and limits for the characteristics, or (b) the 
specific practices used to produce the temper.  Zero has been assigned to indicate variations negotiated between the manufacturer and pur-
chaser, which are not used widely enough to justify registration.

2. A period of natural aging at room temperature may occur between or after the operations listed for the T tempers.  Control of this period is 
exercised when it is metallurgically important.

3. Solution heat treatment is achieved by heating cast or wrought products to a suitable temperature, holding at that temperature long enough to 
allow constituents to enter into solid solution, and cooling rapidly enough to hold the constituents in solution.  Some 6000 series alloys attain the 
same specified mechanical properties whether furnace solution heat-treated or cooled from an elevated-temperature shaping process at a rate 
rapid enough to hold constituents in solution.  In such cases the temper designations T3, T4, T6, T7, T8, and T9 are used to apply to either pro-
cess and are appropriate designations.
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Applies to products which are cold-worked to improve strength, or in which the effect of cold work in
flattening or straightening is recognized in mechanical property limits.

Additional digits,1 the first of which shall not be zero, may be added to designations T1–T10 to indicate a
variation in treatment which significantly alters the characteristics of the product.  (See Footnote 4 for
specific additional digits for T tempers.)

4.3.1.3 Variations of 0 Temper: Annealed—A digit following the 0, when used, indicates a product in the annealed
condition having special characteristics.

5. Relative Features of Various Product Forms

5.1 Aluminum Sheet and Plate—Sheet is a rolled product having a thickness between 0.15 and 6.30 mm and is
available in widths to approximately 2600 mm in coil or cut length form.  It may be clad with other aluminum
alloys for special finishes, corrosion protection, or brazing.

A variety of surface textures and patterns are available.  Plate is a product thicker than 6.30 mm and is
available in widths over 5 m.  Some forms of plate may be cast rather than rolled as in tool and jig plate.

5.2 Foil—Foil is a rolled product less than 0.15 mm in thickness.  It may be made in a variety of alloys for purposes
such as electronic capacitors, fin stock for heat exchangers (some fin alloys are available which are anodic to
the tubing used, giving corrosion protection), laminated packaging materials, reflective insulation, and plastic
encapsulated foil trim.

5.3 Wire, Rod, and Bar—Wire, rod, and bar products are made by a sequence of rolling and drawing operations
or less commonly by the extrusion process.  Wire can be round, square, hexagonal, or rectangular in cross
section.  It is, by definition, 10 mm or less in diameter or the greatest perpendicular distance between parallel
faces.

Rod is any round section over 10 mm in diameter.  Bar is any section other than round with the greatest
perpendicular distance between parallel faces being over 10 mm.  Screw machine stock is rod, bar, or wire
supplied in solid or hollow form and chamfered on the ends for automatic screw machines.  A greater range of
tempers in the non-heat-treatable alloys is available by rolling and drawing.

5.4 Extrusions—Extruded products are produced by forcing (hot, but not molten) metal through an orifice having a
shape of the desired cross section.  Complex structural shapes and beams having wide, thick flanges, and thin
webs for efficient material utilization can be extruded.  Irregular shapes having channels or slots for mating
parts can be produced.

Sizes can range from rails for model railroads to aircraft wing spars weighing 100 kg/m of length.

Designers have found that the advantages of closer dimensional control and elimination of subsequent
machining operations have warranted the use of extrusions in their designs.

5.5 Tube and Pipe—Tube and pipe are produced by extrusion, welding, or cold drawing.  Round, square,
rectangular, and oval shapes are available.  Selection of the process is based on tolerance and straightness
requirements.  Tubing can be supplied in coils or straight lengths.

1. Additional digits may be arbitrarily assigned and registered with the Aluminum Association for an alloy and product to indicate a variation of 
tempers T1-T10 provided:  (1) the temper is used or is available for use by more than one user, (2) mechanical property limits are registered, (3) 
the characteristics of the temper are significantly different from those of all other tempers which have the same sequence of basic treatments 
and for which designations already have been assigned for the same alloy and product, and (4) the following are also registered if characteris-
tics other than mechanical properties are considered significant:  (a) test methods and limits for the characteristics, or (b) the specific practices 
used to produce the temper.  Variations in treatment which do not alter the characteristics of the product are considered alternate treatments for 
which additional digits are not assigned.
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5.6 Forgings—Aluminum alloy forgings are produced on conventional hammer equipment and on hydraulic and
mechanical presses.  Forgings are applicable for brackets, support members, and connectors to other
structural members where high strength, fatigue life, and good ductility are required.  Die forgings are made in
sizes from air-conditioning compressor connecting rods to parts covering over 4 m2 and weighing 1500 kg.

5.7 Impact Extrusions—The primary advantage of an impact extrusion is that it can be made into a closed-end
tube or cylinder.  The tube section may have a variety of shapes, one or both ends open, internal web, or a
heavy end with bosses suitable for further machining.

Impact extrusions are made from cast, blanked, or sawn slugs.  Examples include:  electronic condensor cans,
air-conditioning receivers/dehydrator, and accumulator bodies.

5.8 Electrical Conductors—Aluminum conductors are available in a variety of forms, from wire to large bus bars.
The natural oxide film on aluminum is a dielectric.  Special joining techniques are required.

5.9 Roll-Bond—The product form "roll-bond" is aluminum sheets or plates containing continuous passages
through which gases or liquids can flow.  It is made by metallurgically bonding two sheet panels together after
first silk-screening a specific pattern of nonbonding ink onto one of the adjoining surfaces.  After roll-bonding
the two sheets together, the nonbonded inked pattern is inflated to become the desired tube circuit.  The most
common application of roll-bond sheet panels is for household refrigerator evaporators but it can be used in
many other heat exchanger applications such as condensers, tube circuits, accumulators, or in other fields
where patterned, hollow plate sections are desired.

6. Influence of Aluminum Properties on Part Design and Fabrication—The analytical basis and procedure
used in the design of an aluminum structural component are no different from those used for any other
material.  An engineer must recognize that the selection of aluminum requires an understanding of the
material's physical and mechanical properties, as well as its fabrication characteristics.  This will lead to an
optimum design for a given set of loading and performance conditions, that is, the lightest weight structural
component that is cost and performance effective.

6.1 Mechanical Properties

6.1.1 MODULUS—Young's modulus for aluminum, which varies slightly with alloy composition, is 69 000 MPa (10 x
106 psi).  The shear or torsional modulus is 26 000 MPa (3.8 x 106 psi).

These values are approximately one-third of those for steel.  (See Table 1.)

For a given design, modulus of elasticity determines the stiffness of a component.  The modulus of aluminum
(as compared to steel) may require that, where stiffness is important, a component be designed so that its
geometric properties (moment of inertia, section modulus, end constraint, etc.) compensate for aluminum's
lower modulus.

The elastic moduli must be considered when designing structures in which stiffness or deflection is
important.  The stiffness can be increased by a combination of increased thicknesses and sections,
decreased spans, and improved joining techniques.  For a simple beam loaded at its midpoint, the stiffness is
proportional to the elastic modulus and moment of inertia and inversely proportional to the cube of the span.

(Eq. 1)

The most efficient method for increasing stiffness is by decreasing the span.  Equal stiffness can be obtained
with an aluminum span 70% that of a steel span.  This is particularly applicable to outer panels, because

Stiffness Load
Deflection
--------------------------

constant elastic modulus× moment of inertia×

span( )3
---------------------------------------------------------------------------------------------------------------------------= =
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