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1 General
The 8090/8091 alloys have undergone extensive
development during the last seven years. Compared
with conventional aluminum alloys they now offer a
ten percent reduction indensity coupled with a ten
percent increase instiffness. The 8090/8091 alloys are
Li-Cu-Mg-Zr compositions, with 8091, the richer of
the two, having the higher strength potential. The
following development targets have been established
for these alloys: 8090-T6 as a replacement for 2014-T6;
8090-T8 (damage tolerant temper) as a replacement
for 2024-T3; and 8091-T8 as a replacement for 7075-T6.
For the 8090 alloy these goals have generally been
achieved, providing that "replacement" is not taken
to mean direct substitution inall applications. The
8091 alloy has encountered production problems and
is not yet available in commercial quantities. The Al-Li
alloys do present special problems not commonly
encountered inconventional aluminum alloys. These
are associated with the presenceof embrittling phases,
crystallographic and mechanical anisotropy, and the
possibility of liquid metal embrittlement associated
with sodium and potassium impurities. There are sev¬
eral areas where additional investigations or further
studies are needed, including (1) control of embrittling
phases as they affect the toughness of large sections;
(2) influence of sodium and potassium on fracture
toughness and sustained-load crack growth and
development of means to reduce the content of these
elements; (3) a better understandingof the relationship
between crystallographic and mechanical anisotropy
and fracture control of critical structures; (4) the prac¬
tical significance of stability problems at moderately
elevated temperatures; and (5) development of optimum
joining techniques.

Note: Sections of this chapter contain fracture toughness
data which have not been derived from standardized
tests; in some cases, these tests are not completely
described. Such data have been designated as Kqand
are qualitatively useful for comparative purposes but
only when obtained from the same test types.

1.1 Commercial Designations
8090, 8091, 8090-T7, 8090-T6, 8090-T81 (proposed).

1.2 Alternate Designations
Lital A (8090), LitalB (8091), and LitalC (8090-T81).

1.3 Specifications
1.3.1 [Table]Tentative mechanical properties for 8090

Aluminum Association Registration.

1.4 Composition
1.4.1 [TableIComposition of 8090 and 8091.

Al
2.5 Li
1.3 Cu
1.0 Mg

1.5 Heat Treatment
General for 8090 and 8091. Combi¬
nations of ingot processing and
heat treatments are still under
development. What follows repre¬
sents current practice designed to
optimize the combination of
strength, fracture toughness, and
stress corrosion resistance (Ref. 15).

By controlling the amount of cold
work during processing and increasing the heating
rate during solution treatment, it is possible to pro¬
duce either equiaxed or lamellar recrystallized grain
structures. The recrystallized fraction increases with
decreasing rolling temperatures and with increasing
solution times (Figure 1.5.3.2). Recrystallized damage
tolerant tempers are produced by proprietary process¬
ing, involvingboth cold work prior to solution treat¬

ment and followed by other special heat treatments.
Damage tolerant material is generally underaged. The
need for rapidcooling rates from the solution tempera¬
ture limits the production of recrystallized material to
sheet stock or equally thin sections. Ingeneral, rapid
cooling from the solution temperature is beneficial in
avoiding embrittling phases (Sections 1.9.1and 2.1.2)

and results in improved fracture energy (Table 1.5.3.1).

Temper designations given in this section reflect the
changes inprocessing and heat treatment which are
still not completely established and the differences
between the U.S. Aluminum Association system and
the system used inother countries. Where available,
the actual processing and heat treatments are given.

1.5.2 Homogenization. For 8090 ingots,heat to 932F at 90F
per hour, raise to 1022Fat 36F per hour,and hold 24
hours,AC. For 8091 ingots, heat to 932Fat 90F per hour,
raise to 1022F at 18Fper hour,and hold 24 hours, AC.

1.5.3 Solution Treat (ST). All forms: 986F (530C) in salt WQ;
1004F (940C) inair, WQ sometimes used for plate.

1.5.3.1 [Table] Effect of quench rate on the tensile
properties and Charpy energy of 8090 as
quenched, and stretched and aged.

1.5.3.2 [Figure] Recrystallized fractions as functions
of rolling temperature and solution time.

1.5.3.3 [Table] Effect of quench rate and recovery
treatments on the SL fracture toughness of
8090 naturally aged plate.

1.5.4 Natural Age (T4); ST followed by natural aging. After
solution treatment, stability of the tensile properties is
maintained for about 10hours,after which natural
aging takes place at a rather slow rate beingcomplete in
100 to 1000hours depending on processing subsequent
to solution treatment (Figure 3.2.1.2).

T351 ST + 1.5 to 7 percent Stretch + NaturalAge.
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1.5.5 Artificial Age. The heat treatments encountered at the
time this chapter was prepared are summarized in
Table 1.5.5.1. Deviations from these treatments and
temper designations may appear in the future.

1.5.5.1 [Table]Summary of artifical aging treatments
found inrecent literature (June 1992).

1.5.6 Effects of Reaging.The SL fracture toughness of plate
in the T8 condition can be improved by reaging
(sometimes called a reversion or recovery treatment)

usingrapid heatingand cooling from the reaging
temperature (Ref. 21). Air cooling may be satisfactory
for thin sections (Ref. 29). Substantial increases in
fracture toughness of plate can be obtained by 5 min¬
utes aging insalt at temperatures between 375 and 450F
followed bycold water quenching (Figure 1.5.6.1).The
toughness-changes with reaging appear to be time-
temperature dependent, with aging times on the order
of 5 to 10 min. producing the maximum toughness
increase (Figure 1.5.6.2). The improvement inSL
toughness is accompanied by moderate losses in
and Fn.and increases inelongation and reductionof
area (Figure 1.5.6.3). One explanation for the increase
intoughness associated with reaging is a reduction in
Li segration at grain boundaries which is responsible
for the brittle intergranular fracture of the single-aged
alloy (Ref. 21). The toughness improvement produced
by reagingcan be reversed by exposure to moderately
elevated temperatures. This loss in toughness is time-
temperature dependent (Figure 15.6.4) with substantial
improvements due to reaging being retained at 140F
for 2000 hours.

1.5.6.1 [Figure] Effect of reaging temperature on the
SL fracture toughness of 8090-T8 plate.

1.5.6.2 [Figure] Effect of reaging temperature and time
on the SL fracture toughness of 8090-T8 plate.

1.5.6.3 [Figure]Effect of reagingtemperature on short-
transverse tensile properties of 8090-T8 plate.

1.5.6.4 [Figure] Effect of temperature and time of re-
embrittlement on SL fracture toughness of
8090-T8 plate given a reaging (toughening)
treatment.

1.6 Hardness

1.6.1 [Figure]Variation of hardness with aging temperature
and time for 8090 rod.

1.7 Forms and Conditions Available
Sheet and plate are readily available. Forgings and
extrusions have been produced,but not inquantity.

1.8 Meltingand Casting Practice, see Section 1.9

1.9 Special Considerations

1.9.1 Microstructure. A major factor which appears to limit
the short-transverse tensile ductility and the fracture
toughness for the SL and TL crack orientations, as

well as the stress corrosion resistance, is the precipita¬
tion of the T2 phase (Section 2.1.2) along high angle
boundaries. The amount of this phase present is a
function of the composition and the cooling rate from
the solution temperature (Section 2.1.2.1). Itspresence
can be minimized by rapid cooling; however, for large
forgings, the cooling rates under the best of circum¬
stances may be so slow that substantial losses in fracture
toughness are encountered (e.g., see Figure3.3.7.1.1).

It is probably impossible to completely avoid T2 in
rapidly quenched sections greater than one-inch thick
(Ref. 4-18); however, its presence insmall amounts does
not preclude the development of satisfactory properties.
Aging at low temperatures isbeneficial inreducing the
deleterious effects of the T2 phase (Tables 2.3.2.2 and
3.2.1.6). For this reason, thick sections are advantageously
aged at relatively low temperatures to minimize the
presence of this phase. However, low aging tempera¬
tures require longaging times to develop satisfactory
strength;and commercial practice is often a compromise
(Ref. 4-18).

1.9.2 Directionality. Unrecrystallized structures are heavily
layered with grains oriented inthe direction of major
hot working (e.g., the rollingdirection). These structures
possess both crystallographic and mechanical anisot-
ropy which are more pronounced than observed in
conventional aluminum alloys. The crystallographic
anisotropy is evidenced by a minimumin tensile
strength properties and a maximum in elongation at
about 45 degrees to the rollingdirection (e.g., see Figure
3.2.1.8 and Table 3.2.1.14). For sheet or other sections
which are amenable to recrystallization treatment, the
directionality can be reduced,but with some sacrifice
instrength (Figure 3.2.1.9). However, recrystallized
sheet can exhibit crack propagation at about 70 degrees
to the rollingdirection (Refs. 5-2, 5-5).

The mechanical anisotropy in heavy sections is evi¬
denced by relatively low short-transverse elongation
and fracture toughness (Tables 3.2.1.1.1 and 3.2.1.1.3).

This directionality can be reduced by underaging (e.g.,
see Table 3.2.1.6).

1.9.3 Safety. Lithium is a highly reactive metal; hence, spe¬
cial precautions are required for melting, processing,
machining,and scrap disposal (Ref. 17). MoltenAl-Li
alloys can explode violently when incontact with water.
The reaction is more energetic than with pure aluminum
(Figure 1.9.3.1).Dross and skimmings are also highly
reactive inwater, and large amounts of hydrogen gas
are evolved. Heat treatment insalt baths may result in
explosions if incipient meltingoccurs. When Ad-Li alloys
are heated above 500F, surface oxidation occurs and
lithiumoxide and hydroxide are formed. These products
or the decomposition product, lithium carbonate, can be
skin and eye irritants or, if inhaled as dust, can cause
upper respiratory distress. The American Industrial
Hygiene Association has recommended a Workplace
Environmental Exposure Level of one milligram per
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cubic meter of air for a one-minute ceiling limit for the
particulates of lithium oxide and hydroxide.Scrap seg¬
regation is presently necessary because it is not known
what effect small amounts of lithium may haveon the
properties of other aluminum alloys. See Ref. 17 for
more detailed informationand safety precautions.

1.9.3.1 IFigure! Energy released as a function of
weight of metal for pure aluminum and
Al-2.5 percent Li with water coolant.

1.9.4 LithiumDepletion. Solution treatment inair or in salt
can result ina loss of lithiumfrom the surface, which
can result ina decrease in the strength of the aged alloy
(Figure 3.2.1.3). This loss appears to be slightly less in
the salt than inair. It has been shown that the surface
lithium loss is associated with sub-surface voids
(Figure 1.9.4.1). Even for long solution times, the dam¬
aged surface layers could be removed by machining5
mil from the exposed surfaces. Thus, normal finishing
operations should be sufficient, inmost cases, to elimi¬
nate the effects of lithiumloss. However, in the case of
thin sheet, some reduction indesign allowables may
be necessary, particularly if multiple solution treat¬
ments are used.

1.9.4.1 [Figure] Depth of onset of subsurface porosity
and microhardness gradient as a function of
solution treatment time.

1.9.5 Hydrogen Embrittlement.The alloy can be hydrogen
embrittled by cathodic charging (Ref. 4-22).

1.9.6 Liquid Metal Embrittlement. The presence of sodium
and/or potassium invery small quantities (<10 ppm)
can result in creep (sustained load) crack growth at
stress intensity factors well below KIc. Somewhat larger
quantities can substantially reduce the SL fracture
toughness. Incommercial Al-Li alloys sodium is the
predominate contaminant and tends to form liquid
phases associated with grain boundary inclusions.The
result is liquid metal embrittlement with low energy
intergranular fracture. The effect of sodium on sustained
load crack growth in AI-Li alloys issimilar to that
observed with other types of aggressive environments.
A threshold K value isobserved below which cracks do
not grow. Above this value the velocity increases rapidly
at low K levels and then more slowly with increasing
K to a plateau velocity as K approaches critical value
(Figure 1.9.6.1).

Inplate, considerably higher SL crack velocities are
observed for sodium contents of 40 ppmthan for 10
ppm(Ref. 18 and Figure 1.9.6.2).However, reducing
the sodium content to 3-5 ppm apparently does not
substantially change the creep-crack behavior (compare
the 176F 10ppmsodium data inFigure 1.9.6.2with
the 176F 3-to-5 ppmsodium data inFigure 1.9.6.1). As
might be expected, the crack velocity at a given K level
increases with increase in the exposure temperature

(Figure 1.9.6.1).At K values of 5.5 ksiVirr (<Kq/2)
crack velocities are approximately 3xKT3 in. per hour
at 240F for the two commercial plates investigated
(Figure 1.9.6.3). Extrapolationof the Arrhenius plot in
this figure indicates a crack velocity of about 2xl0"5 in.
per hour at K = 5.5 ksiVbv and 120F. The susceptibility
of 8090 to creep crack growth is much higher than
observed inconventional aluminum alloys (Figure
1.9.6.4).

The fracture toughness of plate is reduced by the
presence of sodium, but reducing the sodium content
below 10 ppm did not change the fracture toughness
(compare the Kqvalues inFigure 1.9.6.2 with those
given inTable 1.9.6.5 for the naturally aged alloy).

Creep cracking has also been observed in8090 sheet
(Ref. 19).The damage mechanism appears to be similar
to that inplate with crack velocities being strongly
dependent on the temperature (Figure 1.9.6.6). Recrys¬
tallized sheet appears to exhibit much higher crack
velocities at a givenK level than unrecrystallized sheet
whose behavior is similar to that of 2024A1(Figure
1.9.6.7). This may be due inpart to the lower sodium
content of the unrecrystallized sheet used in the refer¬
enced investigation.

While the results available to date are from one inves¬
tigator and are limited inscope, they point to a potential
problem that may limit the application of this alloy. A
threshold K level below which creep cracking would
beabsent appears to be less than 4 ksiVb., and growing
cracks would be expected to accelerate rapidly. It does
not appear that the deleterious influenceof sodium
and potassium can be eliminated by conventional
melting or processing practices.

1.9.6.1 [Figure] Crack velocity as a function of K level
for 8090 plate tested at elevated temperatures.

1.9.6.2 [Figure]Crack velocity as a function of K level
for two experimental 8090 plates showing the
effect of sodium content.

1.9.6.3 [Figure]Arrhenius plot of crack velocity in8090
plate as a function of reciprocal of absolute
temperature at a K level of 5.5 ksii/in.

1.9.6.4 [Figure] Crack velocity at 248F as a function
of K level for 8090 and 2014-T851 plates.

1.9.6.5 [Table] Supplementary information for data
derived from Refs. 21-24.

1.9.6.6 [Figure] Crack velocity as a function of K level
at 176F and 248F for 8090 recrystallized sheet.

1.9.6.7 [Figure] Crack velocity as a function of K level
at 248F for 8090 recrystallized and unrecrys¬
tallized sheet and for 2024-T3 sheet.

1.9.6.8 [Figure] Effect of sodium content in lithium
on the short-transverse fracture toughness of
stretched and aged 8090 plate.
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1.9.7 Stability. Exposure at a moderate temperature (210F)

for 100 hours can substantially reduce the fracture
toughness of plate (Table 1.9.7.1). Recrystallizedand
unrecrystallized sheet show a small increase inroom
temperature tensile strength after exposure for 1000
hours in the temperature range between 200 and
300F. Exposureat higher temperatures results ina
loss inretained strength which is somewhat less for
the recrystallized sheet (Figure 1.9.7.2).The same
sheet exposed for 1000 hours at moderately elevated
temperatures (see Table 1.9.7.3) shows a substantial
loss in toughness for 302F exposure. Exposure at 210F
for long times (up to 1000hours) produces a very small
decrease in the fatigue crack growth threshold and
higher crack propagation rates only at highAK value
(Figure 3.5.2.18). Data available at the time this chapter
was prepared do not define the time-temperature
relation for this instability.However, recent data show
that following very long times at room temperature
there is a loss in fracture toughness of plate (Table
1.9.7.4).On the basis of these limiteddata it appears
that plate which has been cold worked before aging is
less susceptible than plate which is simply aged after
solution treating.

Proprietary stabilizing treatments have beendeveloped
(Ref. 24) which have the potential of minimizing this
effect. Structurally stabilized extrusions didnot exhibit
a decrease inCharpy V impact energies after 18,000
hours following final heat treatment (Table 1.9.7.5).

Extrusionsgiven several different aging treatments
(Table 1.9.7.6) maintained reasonably good fracture
toughness values after 3.3 years storage at ambient
temperature. Hopefully, the present resultswill
stimulate additional work to establish the nature of this
stability problemas it relates to practical applications
and to better define remedial treatments.

1.9.7.1 [Table] Effect of prolongedexposure at elevated
temperature on tensile properties and fracture
toughness of 8090 plate.

1.9.7.2 [Figure] Tensile strength of recrystallized
(ReX) and unrecrystallized (UnReX) 8090
sheet at room temperature after 1000 hours
exposure at elevated temperatures and at the
exposure temperature after 1000 hours at that
temperature.

1.9.7.3 [Table] Percent loss inroom temperature
fracture toughness of recrystallized and unrecrys¬
tallized 8090 sheet after 1000 hours exposure
to moderately elevated temperatures.

1.9.7.4 [Table] Effect of long-time exposure at room

temperature on the retained SL fracture
toughness of 8090 plate.

1.9.7.5 [Table]Effect of long-time exposure on the room
temperature tensile and impact properties of
structurally stabilized 8090 extrusions.

1.9.7.6 [Table]Tensile yield strength and fracture
toughness for structurally stabilized 8090
extrusion after 3.3 years at room temperature.

2 Physical and Environmental Effects

2.1 Thermal Properties
2.1.1 MeltingRange: approximately llOOF.

2.1.2 PhaseChanges. The alloy is hardened by precipitation
of several complex phases of Al-Cu-Li-Zr. Inthe as-
quenched condition (naturally aged T3), the phases
are 6'(Al2Li) and (3'(Al3Zr) for both 8090 and 8091. In
the artificially aged condition (T6), the phases in8090
are 8', |3',TÿAUCuLi), and S(Al2CuMg). In8091-T8,
the T., phase is not present (Ref. 6).

The P' phase is present as small coherent particles
which are effective in retarding sub-grain boundary
migrationand coalescence. The phase can act as nuclei
for precipitation of 8' and, while the resultingcomplex
phase makes a contribution to the strengthby inhibition
of planar slip, its main strengthening effect is through
the inhibition of recrystallization (Ref. 15).

The lath-like S phase is the major hardening phase
in the artificially aged alloys and its precipitation is
increased by cold work before aging. Inthe naturally
aged alloy it is heterogeneous, being located primarily
at the grain boundaries. A small amount of plastic
deformation before aging results in a moreuniform
distribution of the S phase which is nucleated on the
dislocations produced by the cold work. This homo¬
geneous distribution contributes strongly to the strength.
It has beenshown that double aging (without stretching)
will contribute to a more uniformdistribution of the
S phase (Ref. 5-6).

The Li-containing phases which precipitate in the grain
boundaries can result inan adjacent lithium-depleted
zone which contributes to grain boundary fractures.
This depleted zone is more pronounced in the 8091
alloy.

A T2, Al6CuLij, icosahedra! phase can also be present
inthese alloys incombination with magnesium as
Al6Cu(MgLi)3. This quasi-crystalline phase forms along
the grain boundaries and is particularly damaging to
the fracture toughness and resistance to stress corrosion.
It is present as a result of slow solidification but can
be removed by homogenization treatments, it is also
formed during slow cooling from the solution treat¬
ment. Itspresence can be minimized by use of rapid
quenching and its effects minimizedby low aging
temperatures (Refs. 4-18, 15).

2.1.2.1 Time-temperature transformation diagrams.
2.1.2.1.1 [Figure]Nucleation start curves for

8090 copper-lean alloy.
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2.1.2.1.2 [Figure] Nucleation start curves for
8090 copper-rich alloy.

2.1.2.1.3 IFigure]Volume fractions of the T2
phase for 8090 copper-lean alloy.

2.1.2.1.4 [Figure]Volume fractions of the T,
phase for 8090 copper-rich alloy.

2.1.2.1.5 /Figure]Volume fractions of the S
phase for 8090 copper-lean alloy.

2.1.2.1.6 1Figure]Volume fractions of the S
phase for 8090 copper-rich alloy.

2.1.3 Thermal Conductivity: 50.26 Btu-ft/(hr-ft2-F).

2.1.4 Thermal Expansion.

2.1.5 Specific Heat:0.22 Btu/flb F).

2.1.6 Thermal Diffusivity:3.88 ftVhr.

2.2 Other Physical Properties
2.2.1 Density. For 8090: 0.0917 lb/in.3.

For 8091: 0.0921 lb/in.3.
2.2.2 Electrical Properties.

2.2.3 Magnetic Properties.

2.2.4 Emittance.

2.2.5 Damping Capacity.

2.3 Chemical Environments

2.3.1 General Corrosion. There is a small database available
for the genera] corrosion resistanceof 8090 and none for
8091. Some data for the general corrosion resistance of
8090 are presented inTables 2.3.1.1 and 2.3.1.2. Inter-
granular and exfoliation tests (Table 2.3.1.1) indicate
that lower aging temperature produce better corrosion
resistance in these test types. The results insalt spray
(Table 2.3.1.2) are inconclusive regarding the effects
of aging temperature or concerning a comparison of
recrystallized with unrecrystallized sheet.

Corrosion rates are low innear neutralNaCl solutions
(pH near 7) but increase rapidly as the solution becomes
highly acidic or alkaline (Figure 2.3.1.3).

2.3.1.1 [Table] Intergranularand exfoliation test results
on 8090-T351 extrusions given several aging
treatments.

2.3.1.2 [Table] Stress-corrosion thresholds and
exfoliation behavior for several heat treated
conditions of 8090 sheet and one condition
of plate.

2.3.1.3 [Figure]Corrosion rates of 8090-T851 partially
recrystallized extrusions inNaClsolutions of
KpH<13.

a. pH= 2, 4, 5, 7
b. pH= 1, 13

2.3.2 Stress Corrosion. Slow strain rate tests of unrecrys¬
tallized 8090 plate in3.5 percent NaCldo not show any
improvement associated with low aging temperatures
(Table 2.3.2.1). Alternate immersion tests on 8090
forgings (Table 2.3.2.2) might be interpreted to indicate
that better performance is associated with the low
aging temperatures, but these data are from two test

types and may not be strictly comparable. For recrys¬
tallized 8090 sheet, low aging temperatures appear to
give inferior stress-corrosion thresholds compared
with the more fully aged conditions (Table 2.3.1.2).

The stress-corrosion threshold for unrecrystallized
plate tested in the short-transverse direction is well
below that for sheet (Table 2.3.1.2). There is little data
that would establish a K threshold for stress-corrosion
cracking. Tests on unrecrystallized plate in humid air
(Figure 2.3.2.3) suggest a value of 12 ksiVirc for that
environment.

2.3.2.1 [TableIStress corrosion of 8090-T8 plate in
0.5M NaCl at a slow strain rate.

2.3.2.2 [Table] Results of stress-corrosion tests of 8090
heavy forgings illustrating the possible ben¬
eficial effects of low temperature aging and
possible deleterious effects of relatively high
silicon.

2.3.2.3 /Figure] Stress-corrosion crack velocity in
humid air for 8090-T651.

3 Mechanical Properties

3.1 Specified Mechanical Properties

3.1.1 [Table]Commercial specifications for 8090 hand
forgings and sheet.

3.1.2 [Table]Commercial specifications for 8090 plate.

3.1.3 [Table] Producer's guaranteed tensile properties and
fracture toughness for extrusions.

3.1.4 [Table]Producer's guaranteed tensile properties and
fracture toughness for plate.

3.1.5 ITable]Producer's guaranteed tensile properties for
sheet in the T6 and T8 tempers.

3.1.6 [Table] Producer's guaranteed tensile properties and
fracture toughness for hand forgings,

3.2 Mechanical Properties at Room Temperature
3.2.1 Tension Stress-strain Diagrams and Tension Properties

3.2.1.1 IFigure] Monotonic and stabilized cyclic
stress-strain curves for 8090-T8 plate.

3.2.1.2 [Figure] Effect of natural aging time and
quench rate on tensile properties of 8090
and 8091 sheet.
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3.2.1.3 [Figure] Effect of solution time on tensile
yield and ultimate strength of 8090-T6 solution
treated inair or a salt bathand effect of surface
removal after solution treatment for 256 hours.

3.2.1.4 !Figure1Effect of aging time at 302F on tensile
properties of recrystallized sheet.

3.2.1.5 [Figure!Effect of prestrain after aging on
tensile properties of unrecrystaUized (UR)

or partially recrystallized (PR) sheet.

3.2.1.6 [Tablel Effect of aging temperature and time
on tensile properties and fracture toughness
of 8090 forgings.

3.2.1.7 [Figure] Effect of amount of stretch and aging
time on yield strength and elongation of
8090-T3 sheet.

3.2.1.8 [Figure]Tensile properties of unrecrystaUized
8090 sheet as a function of angle to the roUing
direction.

3.2.1.9 [Figure]Tensile properties of damage tolerant
8090 sheet as a function of angle to the rolling
direction.

3.2.1.10 ITable] Comparison of two thermomechanical
treatments illustrating the beneficial effects of
increased stretching preceding aging coupled
with low aging temperature for 8091 0.5-inch
plate.

3.2.1.11 [Table!Comparison of two thermomechanical
treatments illustrating the beneficial effects of
increased stretching preceding aging coupled
with lower aging temperature for 8091 1-inch
plate.

3.2.1.12 [TablelTensile properties and fracture tough¬
ness for naturally aged and artificially aged
8090 and 8091 plate.

3.2.1.13 [Table] Tensile properties of 8090-T6 forgings
compared with those of sheet.

3.2.1.14 [Table]Tensile properties of 8090-T8 heavy
plate at different thickness positions.

3.2.1.15 [Table]Comparison of tension and compression
yield strengths for 8090 and 8091 in the T651
temper.

3.2.2 Compression Stress-strain Diagram and Compression
Properties, see also Table 3.2.1.15.

3.2.3 Impact, see also Tables 1.5.3.1 and 1.9.7.5.

3.2.3.1 [Figure] Loss in Charpy V energy relative to

as-quenched condition for isothermal aging
of 8090 lean aUoy.

3.2.3.2 [Figure]Loss inCharpy V energy relative to
as-quenched condition for isothermal aging
of 8090 rich aUoy.

3.2.4 Bending.

3.2.5 Torsion and Shear, see Table 3.2.6.1.

3.2.6 Bearing.

3.2.6.1 [Table] Bearing and shear strengths of 8091-T8
and 8091-T877 plate.

3.2.7 Stress Concentration.
3.2.7.1 Notchproperties, see Section 3.3.7.1.

3.2.7.2 Fracture toughness, see Sections 1.5.6, 1.9.6,
and 1.9.7;Table 3.2.1.6 and Tables 3.2.1.10 to

3.2.1.13.

3.2.7.2.1 General. Fracture toughness infor¬
mation for 8090 and 8091 is available
from a number of sources most of
which do not use standardized test
procedures and sometimes do not
report details of the tests used to
determine the reported values. Very
few valid KIc values have been pub¬
lished.Most of the fracture tough¬
ness data in this chapter has been
designated as Kqeven though the
test procedure does not conform to
any standard. For this reason caution
should be used incomparing the
values of Kq.For sheet materials, Kc
or Kapp have been reported.These
measurements of fracture toughness
for sheet involve tests according to
ASTM E 561 using center-cracked
M(T) panels where the toughness
values are based on maximum load
and corresponding crack length (Kc),
or the maximum load and the origi¬
nal crack length (Kapp). Different
investigators have used panels of
considerably different width and in
some cases no width is specified. The
values of Kc and Kapp will dependon
the panel width (Table 3.2.7.2.3). For
this reason meaningful comparisons
of sheet fracture toughness values
are not always possible.
The fracture toughness of unrecrys¬
taUized 8090 and 8091 is highly
directional with the SL and ST
orientations having relatively low
toughness (e.g.. Table 3.2.1.12). The
fracture toughness in the TL orienta¬
tion of unrecrystaUized plate can be
improved by increased stretching
coupled with long-time aging at
reduced temperatures (Tables 3.2.1.10
and 3.2.1.11). This treatment also im¬
proves the tensile properties. The SL
and ST toughness inunrecrystaUized
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plate can be improved by very
long-time aging at relatively low
temperature (Table 3.2.1.6). Damage
tolerant plate has reduced strength
with substantially increased fracture
toughness but still shows signifi¬
cantly lower values for the ST crack
orientation (Table 3.1.4).

Inthe case of sheet, the highest
fracture toughness values (Kc or Kapp)
areobtained with fine-grained, recrys-
talli2ed material (Figure 3.2.7.2.4).

3.2.7.2.2 [Figure] Effect of aging temperature
and time on the short-transverse
(SL) toughness of 8090-T651 plate.

3.2.7.2.3 [Table]Effect of panel width on the Kc
values obtained for 8090-T81 sheet.

3.2.7.2.4 [Figure] Effect of grain structure on
fracture toughness (Kc and Kapp) of
8090 sheet.

3.2.7.2.5 [Figure] Fracture toughness (Kc) as a
function of aging time for stretched
and unstretched 8090 sheet.

3.2.8 Combined Properties.

3.3 Mechanical Properties at Various Temperatures
3.3.1 Tension Stress-strain Diagramsand Tensile Properties.

3.3.1.1 [Figure] Effect of temperature on the tensile
yield strength and elongation of 8090 plate.

3.3.1.2 [Figure] Effect of test temperature on tensile
yield strength of extruded rod and sheet in
the T6 condition.

3.3.1.3 [Figure] Effect of test temperature on tensile
yield strength of 8090 sheet in T6 and T8
conditions.

3.3.1.4 [Figure/ Effect of test temperature on the
tensile yield strength of 8090-T6 extrusions
subjected to short and long-time exposures
at test temperature.

3.3.1.5 [Figure] Effect of low test temperatures on two

8090-T852 forging blocks of different sizes.

3.3.1.6 /FigureIEffect of low test temperatures on
tensile strength of 8090 as-quenched plate.

3.3.1.7 [Figure] Effect of low test temperatures on
tensile strain properties of 8090 as-quenched
plate.

3.3.1.8 [Figure] Effect of low test temperatures on the
strain hardeningexponent of 8090 as-quenched
plate.

3.3.1.9 [Table] Tensile properties and fracture tough¬
ness of 8090 plate at room temperature and
-320F for two conditions of heat treatment.

3.3.2 Compression Stress-strain Diagrams and Compression
Properties.

3.3.3 Impact.

3.3.4 Bending.

3.3.5 Torsion and Shear.

3.3.6 Bearing.

3.3.7 Stress Concentrations.

3.3.7.1 Notch properties.

3.3.7.1.1 [Figure] Effect of test temperature
on sharp-notch strength ratio of two
8090-T852 forging blocks, the larger
(Block A) of which exhibited grain
boundary embrittlement due to the
T, phase.

3.3.7.2 Fracture toughness.

3.3.7.2.1 [FigureIEffect of low test tempera¬
tures on SL fracture toughness of
single- and double-aged plate.

3.4 Creep and Creep Rupture Properties

3.5 Fatigue Properties
3.5.1 Conventional Fatigue Properties. The conventional

fatigue life of smooth specimens is increased by those
factors which increase the tensile strength (e.g., see
Figure 3.5.1.2). However, this effect appears to fade
out as the test temperature increases (Figure 3.5.1.3).

In the T651 condition heat treatment the smooth and
notch fatigue strength of 8090 and 8091 appear to be
essentially identical (Figures 3.5.1.4 and 3.5.1.5). In the
presenceof 3.5 percent NaCl the smooth fatigue life of
8090-T6 plate is greatly reduced as are the cycles to
crack initiation (Figures 3.5.1.6 and 3.5.1.7).

3.5.1.1 [Figure] S-N scatter bands for 8090 at two
yield strength levels.

3.5.1.2 [Figure] S-N scatter bands for two yield
strength levels of 8090 tested at 184F.

3.5.1.3 [Figure} S-N scatter bands for two yield
strength levels of 8090 tested at 305F.

3.5.1.4 [Figure] S-N scatter bands for axial-load
fatigue of smooth specimens of 8090 and
8091 plate.

3.5.1.5 [Figure] S-N scatter bands for axial-load
fatigue of notch specimens of 8090 and 8091
plate.

3.5.1.6 [Figtirel S-N curves for 8090-T6 plate tested
inair or in3.5 percent NaCl.

3.5.1.7 [Figure] Fatigue crack initiationcurves for
8090-T6 plate in air or 3.5 percent NaCl.

3.5.1.8 [Figure]S-N curves for an 8090-T6 forged
compressor casing at RT and at 302F.
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3.5.1.9 [Figure]Low-cycle fatigue behavior for
extruded bar.

3.5.1.10 [Figure] Low-cycle fatigue strength for two
809O-T6 forgings.

3.5.1.11 [FigurelLow-cycle fatigue curve for 8090-T851.

3.5.2 Fatigue Crack Propagation.Longcrack (equalor greater
than the material thickness) fatigue propagation rates
inunrecrystallized material are strongly influenced by
the crystallographic texture and the mechanical anisot-
ropy (poor short-transverse ductility) associated with
elongatedgrains with weak boundaries. These structural
features produce transgranular, tortuous crack paths
for cracks oriented in the LT and TL directions. This
behavior results incrack closure forces associated with
fracture surface asperities. The closure forces lower
fatigue crack propagation rates for the TL and LTcrack
orientations at low R ratios.At highR ratios the beneficial
effects of crack closure are decreased and fatigue crack
propagation rates and threshold values increase (Figure
3.5.2.7). If the crack closure effects are removed, thresh¬
old values are less than 1 ksiVhr (Figure 3.5.2.17).
Crack propagation rates for the 45-degree orientation
are higher than the corresponding rates for the LT and
TL orientations, presumably due to a more planar crack
path (Figure 3.5.2.8). Inthe case of heavy plate, the
grain size tends to increase toward the center resulting
in lower TL crack propagation rates than at the surface
(Figure 3.5.2.10).

Crack propagation in the ST and SL orientations
proceeds largely by intergranular delamination and
this results in increased propagation rates and lower
threshold values as compared with the LT andTL
orientations (Figure3.5.2.9).

Aging treatments which increase the tensile strength
tend to lower the threshold values (Figures 3.5.2.1,
3.5.2.2, and 3.5.2.6). However, these aging effects on
the fatigue crack propagation rates are reduced at
higher AK levels (Figures 3.5.2.1 and 3.5.2.2).

Only limited data are available for the influence of
environment on the fatigue crack propagation rates.
Rates for the LT,TL,and LScrack orientation are all
increased substantially inthe presence of 3.5 percent
NaCl (Figures 3.5.2.16 and 3.5.2.19). The effects of
under- and overaging observed for tests inair tend to
disappear for tests invacuum, indicating a possible
strong influence of humidity (Figure 3.5.2.3).

Short cracks are grown in three- or four-point bending
of smooth specimens with electropolished surfaces.
Crack sizes are determined by replication.Such "natu¬
rally" occurring cracks initiatealong slip bands in the
vicinity of microstructural heterogeneities or from
subgTain boundaries. Subsequent growth is crystallo¬
graphic with arrests and changes indirection at grain

boundaries (Refs. 10,5-8). The shape of the developing
crack is close to semicircular. As might be expected the
propagation rates exhibit considerable scatter, since
multiple paths may develop from an origin. Crack
propagation rates are considerably higher than for
long cracks particularly at low values of AK and when
no threshold is observed (Figures 3.5.2.12 to 3.5.2.14).
Crack closure is essentially absent during the early
growth stageof small cracks;however,as the size
increases, closure forces develop and the propagation
rates approach those of long cracks (Figure 3.5.2.14).

Apparently the effects of alloy composition and crack
orientation are lost in the scatter associated with small
crack growth (Figure 3.5.2.15). It should be noted that
the use of linear elastic fracture mechanics to character¬
ize the K values for cracks in the order of the grain size
may not give values which can be compared with
those for long cracks.

3.5.2.1 [Figure] Fatigue crack propagation rates for
8090-T3 and 8090-T8 plate.

3.5.2.2 [Figure] Fatigue crack propagation rates for
8091-T3 and 8091-T8 plate.

3.5.2.3 [Figure] Fatigue crack propagation rates for
three aged conditions of 8090 extrusions tested
inair or invacuum.

3.5.2.4 [Table] Heat treatments used inproducing the
test material representing the fatigue crack
propagation rates illustrated in Figures 3.5.2.5
and 3.5.2.6.

3.5.2.5 [Figure]Fatigue crack propagation rates for
8090 plate given several treatments.

3.5.2.6 [Figure] Fatigue crack propagation rates for
8091 plate given several treatments.

3.5.2.7 [Figure] Fatigue crack propagation rates at
R = 0.1 and 0.7 for 8091 plate.

3.5.2.8 [Figure] Fatiguecrack propagation rates
for 8090 1.4-inch plate for several crack
orientations at the plate center.

3.5.2.9 [Figure] Fatigue crack propagation rates
for 8090 4-inch plate for several crack
orientations at the plate center.

3.5.2.10 [Figure] Fatigue crack propagation rates
for 8090 4-inch plate at various thickness
positions for TL crack orientation.

3.5.2.11 [Figure] Effect of shot peening on crack growth
rate of a notched 8090 plate.

3.5.2.12 [Figure] Fatigue crack propagation rates
for short and long cracks inoveraged 8090
extrusions.

3.5.2.13 IFigure]Fatigue crack propagation rates for
short and long cracks in peak-aged (T8) 8090
extrusions.
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3.5.2.14 [Figure] Fatiguecrack propagation rates for
longand short cracks inS090-T3 plate.

3.5.2.15 [Figure]Scatter band for fatigue crack propa¬
gation ratesof short cracks for severalaluminium
alloys.

3.5.2.16 [Figure] Fatigue crack propagation rates in
air and in3.5 percent NaCl for 8090-T6 plate
tested indifferent crack orientations.

3.5.2.17 [Figure] Fatigue crack growth rates for 8090-
T351 and -T8 plate. Data corrected for closure.

3.5.2.18 [Figure] Effect of exposure at 210F on fatigue
crack growth rate of 8090-T8 plate.

3.5.2.19 [Figure] Fatigue crack growth rates for 8090-T8
plate inair and in3.5 percent NaCl solution.

3.6 Elastic Properties
3.6.1 Poisson's Ratio.

3.6.2 Modulus Of Elasticity. 8090: 11,528 ksi; 8091: 11,585 ksi
(Ref. 1, Figure 2).

3.6.2.1 [Figure] Young's modulus as a function of
angle from rollingdirection for 8090-T3 sheet.

3.6.3 Modulus of Rigidity.

3.6.3.1 [Figure] Shear modulus as a function of angle
from rollingdirection for 8090-T3 sheet.

3.6.4 Tangent Modulus.

3.6.5 Secant Modulus.

4 Fabrication

4.1 Forming
4.1.1 Superplastic Forming. Both 8090 and 8091 can be

superplastically formed and simultaneously solution
treated. If the startingcondition of the sheet is as-rolled,
the flow stress will be high,poor finish may result,
and cavitation may be encountered, particularly if
coarse recrystallized grains are present. Several sheet
processing routes have been proposed to develop
properties that will optimize superplastic performance.
These are reviewed in Ref.4-14. The 8090 alloy shows
littlequench sensitivity and, ingages up to about 0.12
in.,can be air quenched off the forming machine. In
contrast, 8091 sheet may require water quenching to
avoid reduction instrength properties (Ref. 4-14). Tests
at various strain rates indicate that higher elongations
may be obtained by constant velocity deformation
than by constant strain ratedeformation (Figure 4.1.1.1).

4.1.1.1 /Figure] Elongationas a function of strain rate
for 8090 deformed at constant velocity or at
constant strain rate.

4.1.2 Forging. A limited number of forgings have been
produced from the 8090 alloy. Properties were reported
inprevious sections; however, no production details
were provided. Itwould appear that the alloy can be
successfully forged using conventional techniques.
However,problems arise in heavy sections which
may not cool rapidly enough to suppress precipitation,
with resulting poor transverse properties and reduced
fracture toughness (Section 1.9.1).

4.1.3 Extrusion. 8090 extrusions havebeen produced in
various shapes with no reported special problems.

4.1.3.1 [Figure] Influence of extrusion conditions on
back-end tensile yield strength of 4 x 1-in. flat
bar.

4.2 Machiningand Grinding

4.3 Joining
4.3.1 Welding.

4.3.1.1 General. Only limited data were available on
welding of 8090 and 8091. Varestraint (1 percent
augmented strain) and Houldcroft tests were
performed on autogeneousGTA welds made
on 8090, 2090, and several conventional alumi¬
num alloys (Ref. 5-12). The results from both
tests showed that the Al-Li alloys exhibited
continuous networks of eutectic constituent
along solidification grain boundaries, with little
evidence of crack healing. Total crack length in
the varestraint test was about 1.6 to 1.7 in. for
the Al-Li alloys compared to 1-in. for 6061 and
about 0.04 in. for 2219. Incontrast, the Houldcroft
test showed the Al-Li alloys to be superior to
6061. Clearly, additional work is needed.

Some results are available from tensile tests on
GTA welded sheet using different fillers (Table

4.3.1.2). In the as-welded condition the best
combination of strength and elongation was
obtained using an AI-Mg(Zr) filler. Postweld
aging improved the tensile yield and ultimate
strengths of welds made with 8090 and Al-Mg
fillers, with the 8090 filler weld being highest in
strength. This heat treatment, however,produced
strength values well below those expected for
8090-T6 sheet (Fÿ = 68 ksi and Fÿ = 54 ksi).

The surface of material to be welded should
be cleaned by removing the layer of lithium
oxide,which will adsorb moisture and result in
weld porosity. Inmost cases a light machining
will be sufficient.

4.3.1.2 [Table]Tensile properties of as-GTA-welded
and post-heat-treated sheet specimens.
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4.3.2 Fasteners. No data were available on the static or
fatigue properties of fasteners. However,one investi¬
gation of the fatigue life of expanded fastener holes
showed that cracks emanating from these holes
advanced along planes included 50 to 60 degrees to
the tensile axis (Ref. 5-11). This behavior is associated
with crystallographic anisotTopy and would probably
also be observed instructures employing fasteners. Its
significance to structural performance requires study.

4.4 Surface Treating
4,4.1 Anodi2ing. The sulphuric add hard coat anodizing

process has been successfully applied to 8090-T651
sheet. Dense adherent coatings were obtained up to
2 mil in thickness (Ref. 3-5).
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Table 1.3.1 Tentative mechanical properties for 8090 Aluminum Association Registration (Ref. 29)

Alloy: 8090

Form Plate (a)

Temper T7 T86

Thickness (in.) 0.250-1.500 1.501-2.000 2.001-3.000 3.001-4.000 0.250-1.250

F,u (ksi) (min) 65 63 62 60 60

Fty (ksi) (min) 54 52 50 49 45

e (percent, 2 in.) (min) 3 3 3 2 5

(a) Plate stretched 5 to 7 1/2 percent before aging

Table 1.4.1 Composition of 8090 and 8091 (Ref. 1)

Alloy 8090 8091

Composition
Weight Percent

Min Max Min Max

Li 2.2 2.7 2.4 2.8

Cu 1.0 1.6 1.6 2.2

Mg 0.6 1.3 0.5 1.2

Zr 0.04 0.16 0.08 0.16

Fe - 0.3 - 0.5

Si - 0.2 - 0.3

Zn - 0.25 - 0.25

Ti - 0.1 - 0.1

Mn - 0.1 - 0.1

Cr - 0.1 - 0.1

Others, each - 0.05 - 0.05

Total - 0.15 - 0.15
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Table 1.5.3.1 Effect of quench rateon the tensile properties and Charpy energy of 8090 as quenched, and stretched and
aged (Ref. 16,Table 2 and Fig. 3)

Alloy: 8090

Form 1-inchT3 Plate

Quench 1022F, 1 hour, Quench

Composition,
weight percent

2.28Li-0.86Cu-0.90Mg-0.13Zr-0.13Fe-0.06Si (Lean Alloy)

Quench Media Air Cool - 0.45F per sec Polymer -0.32F per sec Water- 216F per sec

Age None
2 percent

CW + 374F,
16 hr (a)

4 percent
CW + 338F,

24 hr
None

2 percent
CW + 374F,

16 hr

4 percent
CW + 338F,

24 hr
None

2 percent
CW + 374F,

16 hr

4 percent CV
W + 338F,

24 hr

F„ (ksi) 60 65 67 57 70 70 54 71 70

Fry (ksi) 34 58 58 33 60 60 30 62 60

e (percent) 6 8 6 17 8 7 18 8 8

Normalized
Charpy V (a)

1 - - 1.7 - - 2.5 - -
Composition,

weight percent
2 58Li-1.36Cu-0.89Mg-0.13Zr-0.17Fe-0.04Si (Rich Alloy)

Ftu (ksi) 65 70 79 65 76 75 62 78 75

Fly (ksi) 39 60 64 41 65 65 38 67 65

e (percent) 6 5 5 11 7 5 16 8 7
Normalized
Charpy V (b) 1 - - 1.25 • - - - - -
(a) 0.12-inch thick Charpy V-notch specimens with 0.001-inch notch root radius.
(b) Normalized to the as-quenched value for each composition.

100

so

e
<u
e 60
a>

o
TO

"ra
o>

20

0

Fig. 1.5.3.2 Recrystallized fractions as functions of rolling
temperature and solution time (Ref. 4-2, Fig. 2)

8090 | | |
1,0-in. blanks from DC ingots rolled to 0.38 in.
(-60 percent) + 1022F for indicated times

700 800
Rolling Temperature, F
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Table 1.5.3.3 Effect of quench rate and recovery treatments on the SL fracture toughness of 8090 naturally aged plate
(Refs. 26, 28)

Alloy: 8090

Form 2-in. Plate ST 986F, Quench as Indicated

Age Natural 100 days Natural + 410F, 10 min(b)

Quench (a) CW HW Oil Air CW HW Oil Air

K0 (ksi -Jin.) (c) 23 9 8 6 31 19 15 9

Age 338F, 32 hours 338F, 32 hours + 410F, 10 min

Kq (ksi ÿiri.) (c) >35 - - 14 >35 - 16

(a) CW • Cold Water; HW - Hot Water
(b) Recovery (reversion) treatment in salt
(c) 1-in. thick DCB specimens. See Table 1.9.6.5 tor fracture toughness test method except these specimens were 1-in. thick

Table 1.5.5.1 Summary of artifical aging treatments found in recent literature (June 1992)

Alloy: 8090

Temper Plate Sheet Forgings Extrusions

T6 538F (170C), 32 hours

T8

Peakaged condition: ST + 2 to 4 percent
stretch + 338F (170C), 32 to 40 hours.
Also, 3 percent stretch 374F, 16 hours

(Also T81) Peakaged condition:
ST + 1.5 to 2 percent stretch +
338F {170C),3210 40 hours

See Table 3.1,1 (Alloy
producers furnished
no recommendations)

ST + 410F (2100,4 to 5
hours

T81
ST + 5 to 7 1/2 percent stretch,
unspecified peakage (30)

T651
2.5 to 4 percent stretch + 338F (170C),
16 hours

T871

Damage tolerant underaged condition:
ST + 6 to 7 percent stretch + 302F
(150C), 12 hours

Damage tolerant underaged
condition (my be reciystallized):
ST + 1.5 to 2 percent stretch +
302F (1500.24 hours

Damage tolerant underaged
condition: ST + 1.5 to 3
percent stretch + 302F
(150C), 12 hours

T8771 6 to 8 percent stretch, 338F, 32 hours

T86 5 to 7 1/2 percent stretch, damage
tolerant unspecified age (30)
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T8 condition

For Kq test method see Table 1.9.6.5

8090-T8, 1.78-in. plate I
1D13F (545C), WO ÿ 7% stretch + 338F (170C),I
32 rirs + 5 min at indicated temperatures in salt CWQ

•— T8 Condition

375 400
Reaging Temperature, F

Fig. 1.5.6.1 Effect of reaging temperature on the SL fracture
toughness of 8090-T8 plate (Ref. 21, Fig. 2)

0 12 3 4
Log Reaging Time, min

Fig. 1.5.6.2 Effect of reaging temperature and time on the SL
fracture toughness of 8090-T8 plate (Ref. 21, Fig. 1)

8090-T8. 1.78-in. plate I
1013F (545C), WQ + 7% stretch + 338F (170C) + reage in salt CWQ
For K0 lest method see Table 1.9.6.5

Reage Temperature

8090-T8, 1,77-in. plate I
1013F (545C). WQ + 7% stretch + 338F (170C),
32 hrs * reage 5 min in salt CWQ
See Table 1.9.6.5 lor T8 properties -

360 380 400 420
Reage Temperature, F

Fig. 1.5.6.3 Effect of reaging temperature on short-
transverse tensile properties of 8090-T8 plate
(Ref. 21, Table 2)

Fig. 1.5.6.4 Effect of temperature and time of re-embrittlement on SL
fracture toughness of 8090-T8 plate given a reaging (toughening)
treatment (Ref. 21, Fig. 4)
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Re-embrittlement Time, VhT

809Q-T8, 1.78-in. plate
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120
8090. 0.60-in. diameter rod
ST 960F, WO + age

110

Aging
time, hr

g 100

6-90

80
400

Aging Temperature, F
450 500300 350

Fig. 1.6.1 Variation of hardness with aging temperature
and time for 8090 rod (Ref. 5-1, Fig. 1)

8090

AI-2J

J

Li /

Pure Al

/
/

/
/

/X
X

0 12 3
Weight of Metal, kg

Fig. 1.9.3.1 Energy released as a function of weight of
metal for pure aluminum and Al-2.5% Liwith water
coolant (Ref. 4-9, Fig. 2)

400

I 300

E 200

°100

8090 She
ST 986F

it

/

ÿ /

• Porosity
Microhard

V[a
V less

K, MPaÿ/nT

12 16

8 12 16
Solution Time, hr

20 24

Fig. 1.9.4.1 Depth of onset of subsurface porosity and
microhardness gradient as a function of solution treatment
time (Ref. 4-8, Fig. 5)
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Sfl<¥l-T871 1 (1- anrl 1 77-in platesI
See table 1.9.6.5 for heat treat.
tensile properties and Kn 338F

(170C)

SL XT
/ / —
/ J 248F

/ / (12QC)
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10-K)
12 16

K. ksi -TTm
Fig. 1.9.6.1 Crack velocity as function of K level
for 8090 plate tested at elevated temperatures
(Ref. 22, Fig. 2)
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K, MPa Vnf
12 16

8090, 1.42-in. experimental plates
ST + natural age +ÿ 33SF (170C), 32 hrs
See Table 1.9.6.5 for test method

-.10-7

40 ppm Na 10ppm Na

Na, ppm Kn, ksiVim
40 7.3
10 14.5

10-10

K, ksiVtiT.
12 16

Fig. 1.9.6.2 Crack velocity as function of K level for two
experimental 8090 plates showing the effect of sodium
content (Ref. 22, Fig. 3)

Exposure Temperature, f
300 250 200 150

10"'

2=10-2

|10":

10"'

10-5

8090-T871, 1.0- and 1.77-in. plates
See Table 1.9.6.5 for heat treat and tensile properties

SL
K
0

= 5.5 ksi-yirT
= 86 KJ mol -1

2.2 2.4 2.6 U
1000/T

3.0 3.2

Fig. 1.9.6.3 Arrhenius plot of crack velocity in8090
plate as a function of reciprocal of absolute temperature
at a K level of 5.5 ksiVin. (Ref. 22, Fig. 5)

K, MPailtn
0

8090-T871,1.0- and 1.77-in. plate
See Table 1.9.6.5 for heat Ireal,
tensile properties and K0

S 10-3

8 16 24 32
K, ksiVTiT

Fig. 1.9.6.4 Crack velocity at 248F as a function of K
level for 8090 and 2014-T851 plates (Ref. 22, Fig.4)
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Table 1.9.6.5 Supplementary information for data derived from Refs. 21-24

Alloy 8C90-T871
Unrecrysfallized

8090-T3 Plate
Unrecrystallized

8090-T81 Sheet
Recrystaliized

8D90-T81 Sheet
Unrecrystallized

Reference 23, Table 2 23, Table 6 26 26

Thickness (in.) 1.77 in. 1in. 1(16 in. 1/16 in.

Na (ppm) 3 5 7 2

HealTreat (a)
ST1013F, CWQ + 7 percent

Stretch + 338F, 32 hours
ST1013F, CWQ + 2 percent

Stretch + NaturalAge, 1year ST + 302F, 24 hours ST + 302F, 1hour

F,u (hs') 69 (ST) - 65 (all orientations) 61 (L), 52 (50 deg) (b)

f|y (kS!) 54 (ST) - 51 (L), 43 (60 to 70 deg) (b) 49 (L). 36 (50 deg) (b)

RA (percent) 4.3 (ST) • - -
e (percent) 1.9 (ST) - - -
Vickers (lOkgf) 156 149 - •

Ko (ksi \Zirf.) 10.5 (SL) 13 (SL) - -
Note: KQ & Crack
Velocity Measurements All plate K0 and crack velocity data in this Table and in Figs. 1.9.6.1-1.9.6.7 are from 25 mm square bolt-loaded cantilever-beam

specimens precracked by bolt preload to produce pop-in. Ko values reported represent 3 starts and stops of the crack following
pop-in

(a) CWQ - cold water quench
(b) Deg. to load axis. L represents 0 deg.

X, MPaVm"
40 60

8090. 1/16-in. sheet
Recrystaliized
See Table 1.9.6.5 for tensile
properties and heat treat

SENB 3-pt loaded

248F (120C)

176F(80C)

Fig. 1.9.6.6 Crack velocity as a function of K level at 176Fand
248F for 8090 recrystaliized sheet (Ref. 23, Fig. 2)

20

K, MPaVm"
40 60 80 100

Fig. 1.9.6.7 Crack velodty as a function of K level at 248F for
8090 recrystaliized and unrecrvstallized sheet and for 2024-T3
sheet (Ref. 23, Fig. 1)
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8090 Dantage toleran 1.50-in, thick plate

Sodium conte
Li Stock Fine
0 0.007 <0

' wt%
1 Plate
001

\o
yO

OX

A 0.011 0
ÿ 0.580 0

f(y - 45 ksi

001
004

A \

ÿ
ÿ

10
Aging Tims it 374F, tn

50 100

Fig. 1.9.6.S Effect of sodium content in lithiumon the
short-transverse fracture toughness of stretched and aged
8090 plate (Ref. 13, Fig. 13)

Table 1.9.7.1 Effect of prolonged exposure at elevated
temperature on tensile properties and fracture toughness
of 8090 plate (Ref. 20, Table 1)

Alloy: 8090-T8

Form 4-in. Plate

Condition
ST 986F, WQ + 1.5 to 3 percent Plastic

Stretch + 338F, 32 hours

Location Specimens at mid-thickness

Exposure None 21OF, 100
hours

21OF, 1000
hours

F Fto <si) 75 75 76

FFÿcsi) 70 70 72

e (percent) 4.3 2.5 2

K K|c tsi Vin.) (a) 32(b) 17 15

(a) Fracture toughness determined with 0.4-in. thick C(T) LT specimens
(b) Invalid value: insufficient thickness

6090, 1/16-in. sheet I
ReX-ST + 2% stretch + 302F, 24 hrs
UnReX-ST + 2% stretch + 3Q2F, 10 hrs

A UnReX
O ReXto

C
o

t—
to
«
S Fm at RT after

1000 hrs exposure--Ftu at exposure
temperature after 1000 hrs
exposure

1000 200 300 500 600
Eiposnre Temperature, F

Fig. 1.9.7.2 Tensile strength of recrystallized (ReX) and unreaystal-
lized (UnReX) 8090 sheet at room temperature after 1000 hours
exposure at elevated temperatures and at the exposure temperature
after 1000 hours at that temperature (Refs. 27, 28)
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Table 1.9.7.3 Percent loss in room temperature fracture
toughness of recrystallized and unrecrystallized 8090
sheet after 1000 hours exposure to moderately elevated
temperatures (Refs. 27, 28)

Alloy: 8090

Form 1/16-in. Sheet

Condition Recrystallized and Unrecrystallized

Heat Treatment See Fig. 1.9.7.2

1000 hr exposure temp (F) 32 75 150 302

Normalized 1 K0(percent) (a) 100 100 80 53

(a) Normalized to 32F value. Toughness obtained from wide (78 in.)
panel tests.

Table 1.9.7.4 Effect of long-time exposure at room temperature on the retained SL fracture toughness of 8090 plate
(Refs. 26, 28)

Alloy: 8090

Form Plate

Thickness (in.) 1.77 1 1

Heat Treat -T8771 -T651 -T6

Exposure time (years) at RT 0 3 3.5 0 3 3.5 0 3 3.5

. IC) (ksi VirT.) as exposed (SL) (a) 16 13 12 21 21 20 25 16 16

Ko (ksi -Jin.) after 338F, 1 hour (SL) - • 16 - - 21 - - 27

(a) For fracture toughness test method see Table 1.9.6.5

Table 1.9.7.5 Effect of long-time exposure on the room temperature tensile and impact properties of structurally stabilized
8090 extrusions (Ref. 25)

Alloy: 8090

Form Structurally Stabilized 2.5-in. x 0.54-in. Extrusion

Melt No. 69 71

Locations Edge Center Edge Center

RT Exposure (hours), at RT 280 18,000 280 18,000 280 18,000 280 18,000

F;, (ksi) 74 69 61 61 77 77 68 66

Charpy V (LT) (ft-lbs) 10.9 11.1 8.2 8.4 10.7 10.2 7.5 7.5
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Table 1.9.7.6 Tensile yield strength and fracture toughness for structurally stabilized 8090 extrusion after 3.3 years at room
temperature (Ref. 25)

Alloy: 8090

Form Structurally Stabilized 1.75-in. x 0.058-in. Extrusion

Exposure after Age 3.3 years at RT

Location Center Edge

Age Temperature (F) (a) 250
16 hours

300
24 hours

350
24 hours

250
16 hours

300
24 hours

350
24 hours

Fty (ksi) L 40 49 55 47 56 62

(ksi VE) SL specimens (b) 54 50 16 - - 29

(a) 980F + 4 percent stretch + age as indicated
(b) Chevron notch short bar tests. Toughness before exposure unknown

8090
Specimens from 1.0-in. T3 plate
ST 1022F, 1hr + isothermal age to
See Table 1.5.34 tor composition

various times

T2 Phase

0

0

___
(

•
) o
ft
ÿ

c r /
&

I

ÿ

<

• A

r r

i /N. c

'A

to 100
Time, sec

1000

Fig. 2.1.2.1.1 Nucleationstart curves for 8090 copper-
lean alloy (Ref. 16,Fig. 6)

1200

1000

"- 800

600

400

200

8090 |
Specimens tram 1.0-in. T3 plate
ST 1022F, 1 hr + isothermal age to
See table 1.5.3.1 for composition

various times

UPhase_ _C o

° f i

•
A

° V
O X

' A/
/A

A

1.36%
»

Ju

A

A

A

V'
1
" -— i

?

>
)

ÿ S Phase

10 100
Time, sec

1000

Fig. 2.1.2.1.2 Nucleation start curves for 8090 copper-
rich alloy (Ref. 16,Fig. 5)

Code 3225
Page 20



August 1992 (revision) Aerospace Structural Metals Handbook Nonferrous Alloys •AIWT
8090 Al

800 «ÿ 800

8090
Specimens from 1.0-in.T3 plate I
ST 1012F, 1 hr + isothermal age for various times
T2 Volume percent
0.86 Cu_j

__
See Table t.5.3.1 for composition

8090 [
Specimens from 1.0-in.T3 plate
ST 1012f , 1 tsr + isothermal age for various times
T2 Volume percent
1.36Cu_I_
See Table 1.5.3.1 for Composition

100
Time, sec

10 100
Time, sec

Fig.2.1.2.1.3 Volume fractions of the T2 phase for 8090
copper-lean alloy (Ref. 16, Fig 6)

1200
8090 |
Specimens from 1,0-in. T3 plate I
ST 1012F, 1 hr + isothermal age for various times
S Volume percent
0.86 Cu-

ÿ*- 800

See Table 1.5.3.1 for composition

4.10- 4.0

Time, sec

Fig. 2-1-2-1.5 Volume fractions of the S phase for 8090
copper-lean alloy (Ref. 16,Fig. 8)

Fig. 2.1.2.1.4 Volume fractions of the T2 phase for 8090
copper-rich alloy (Ref. 16,Fig.6)

1200

1000

800

600

400

200

8090
Specimens from 1.0-in.T3 plate
ST 1012F, 1hr ÿ isothermal age In
S Volume percent

various times

See Table 1.5.3.1 for composition

ÿ<o.;

n,c ,2<0.36 /(
0 / 10.33( ÿ

9.0—
6.0

3.0

( 0.90

)o.25 1.f

5 V 876

7*--—-_4j>7

Start 0.93

10 100
Time, sec

1000

Fig. 2.1.2.1.6 Volume fractions of the S phase for 8090
copper-rich aUov (Ref. 16,Fig. 8)
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Table 2.3.1.1 Intergranular and exfoliation test results on 8090-T351 extrusions given several aging treatments
(Ref. 4-6, Table 4)

Alloy: 8090

Form 4-in. x 0.5-in. Extrusions

Test Method EXCO 48 hours, ASTM G 34

Heat Treat T351 T351 +320F, 3 hours T351 + 374F, 12 hours T351 + 428F, 48 hours

Test Result Surface N N EA/EB EA

Test Result Center (a) EA EA EA/EB EA/EB

Test Method MIL-H-6088 (b)

Test Result Surface IG 0.001 in. (c) Pits IG 0.001 in. N

Test Result Center N IG 0.001 in. IG 0.001 in. Pits

(a) Extrusion cut to expose the center plane to the corrodant
(b) NaCI, 1M+ Hj0?, 0.3 percent solution
(c) IG - Intergranular attack

Table 2.3.1.2 Stress-corrosion thresholds and exfoliation behavior for several heat treated conditions of 8090 sheet and one
condition of plate (Refs. 27, 28)

Alloy: 8090

Form Sheet

Condition Recrystallized Unrecrystallized

Age Treatment SCC Threshold <ksi) Salt Spray (a) SCC Threshold (fcsi) Salt Spray (a)

2-4 percent Stretch Natural Age 43.5 EA - P

2-4 percent Stretch 302F, 24 hours 25 EB/EC - -
2-4 percent Stretch 338F, 32 hours 43.5 EA 43.5 EA

No Stretch 338F, 32 hours - - 43.5 -

2-4 percent Stretch 338F, 8 hours - • - EC

Form 2-in. Plate SL

6-8 percent Stretch 338F, 32 hours • - 22 -
(a) 14-day duration using acidified satt spray (ASTM G 85 Annex Al). Rating according to ASTM G 34
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8090-T851
Extruded plate
Sample size: 1.38 x 1 x 0.12 in..
Finish polish: 1 pm Ai203

Immersion in 3.5% MaCI;
HCI or NaOH added to
control pH

E

cc
C
a

a

a
C3

48096 192 2880

400
8090-T851

Peak rates associated with
rapid pit growth: decreasing-
rates with formation of
protective films

300

17 pH 1
A pH 13£ 200

100

384 4800 96

Time.hr Time.hr
a. pH = 2, 4,5, 7 b. pH = 1,13

Fig. 2.3.1.3 Corrosion rates of 8090-T851 partially recrystallized extrusions inNaClsolutions of l<pH<13 (Ref. 5-7, Fig. 5)

Table 2.3.2.1 Stress-corrosion of 8090-T8 plate in0.5M NaCl at a slow strain rate (Ref. 5, Table 4)

Alloy: 8090

Form and Condition 1in. Plate; ST + 6 percent Stretch + Age

Environment 0.5M 3.5 percent NaCl a! -700 mv (SCE); Strain Rate 10"®/sec
Direction ST L

Age 338F, 4 hours 338F, 6 hours 377F, 4 hours 338F, 4 hours 338F, 6 hours 377F, 4 hours

e (percent)

Air 4.2 3.9 3.7 8.9 6.2 7.1

0.5M NaCl 0.4 0.2 0.5 1.1 1.1 1.3
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Table 2.3.2.2 Results of stress-corrosion tests of 8090 heavy forgings illustrating the possiblebeneficial effects of low
temperature aging and possible deleterious effects of relatively highsilicon (Ref. 4-18, Table 3)

Alloy: 8090

Form and Processing See Table 3.2.1.6

Environment Alternate Immersion in 3.5 percent NaCI, ASTM G 44

Direction Short Transverse

Condition Age 302F, 96 hours Age 374F, 24 hours

Specimen Type Tension C-Hing

Si Content 0.08 0.11 0.08

Applied Stress (ksi)

N/F (t) (a)

10 to 30

10/0

35 to 45

6/2 (4)

10

2/1 (9)

20 and 25

4/4 (5)

21 to 31

6/6 (13 to 31)

(a) N = no. tested; F = no. failed; (t) = days to failure

8090-T651
2.0-in. plate
ST orientation, C(T) specimen

I
95% RH
104F

/ A

ra

'&
// A

/ A

./[7
10 12 14 16 18

Stress Intensity factor, K. ksi ViiT
Fig. 2.3.2.3 Stress corrosion crack velocity inhumid
air for 8090-T651 <Ref. 3-1, Fig. 3)

Table 3.1.1 Commercial specifications for 8090 hand
forgings and sheet (Refs. 7, 8)

Alloy: 8090-T8

Heat Treat 1013F, WQ (100F max) + CW (a) + 300F,
96 hours

Form Hand Forgings Sheet

Thickness (in.) (b) 2-3/8-17.499 0.040-
0.249

0.024-
0.249

Direction L T ST T T T

Fa (ksi) 62 59 59 65 61 65

(ksi) 49 47 44 51 47 53

e (percent) (c) 5 2.5 2.5 4 4 4

(a) CW for forgings = 4 percent plastic compression; CW for sheet = 1.5
percent plastic stretch min
(b) Tensile requirements may be waived for thickness <2-3/8-in. D
(c) In 2 in. or 4D
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Table 3.1.2 Commercial specifications for 8090 plate (Ref. 8)

Alloy 8090-T8 8090-T871 (a)

Heat Treat ST 1013F, WQ (100F Max) + Stretch 1.5 percent Plastic Strain Min Aging to be Approved

Direction T T T T ST ST

Thickness (in.) 0.250-1.499 1.500-1.999 2.000-2.999 3.000-6.000 1.000-1.999 2.000-6.000

Ftu (ksi) 65 65 63 63 61 60

Fly (ksi) 55 53 50 50 49 48

e (percent) (b) 4 4 4 3 1.5 1.5

(a) Damage tolerant temper
(b) For T8 temper in 2 in. or 4D; for T871 temper, total autographic recorded strain

Table 3.1.3 Producer's guaranteed tensile properties and
fracture toughness for extrusions (Ref. 1,Table 7)

Alloy: 8090

Temper T8151 (a) T8251

Direction L T L T

Ftu (ksi) 62 58 75 65

Fly (ksi) 52 46 67 55

e (percent) 4 4 4 4

K0 (ksi Mn.) (b) 33 30 29 18

(a) Damage tolerant temper
(b) Method ot measuring K0 not defined

Table 3.1.4 Producer's guaranteed tensile properties and fracture toughness for plate (Ref. 1,Tables 3 and 4)

Alloy: 8090

Form 1.5- to 2.5-inch Plate

Temper T871 T81 (a)

Direction L T ST L T ST

Thickness Location (b) T/2 T/4 T/2 T/4 T/2 T/2 T/2 T/2

Ftu (ksi) 72 64 69 65 62 61 61 54

F,y (kSi) 62 63 60 55 49 51 46 38

e (percent) 4 4 4 4 2 5 5 2.5

K0 (ksi Ma) (c) 27 - 24 24 15 35 30 18

(a) Damage tolerant temper
(b) T/2 = mid thickness; T/4 = quarter thickness
(c) Method of measuring K0 not defined
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Table 3.1.5 Producer's guaranteed tensile properties for
sheet in the T6 and T8 tempers (Ref. 1,Tabie 6)

Table 3.1.6 Producer's guaranteed tensile properties and
fracture toughness for hand forgings (Ref. 1,Table 8)

Alloy: 8090

Form Sheet

Temper T6 T8

Direction L T L T

Ftu (ksi) 67 66.7 71 68

Fty (ksi) 52 52 58 52

e (percent) 4 4 4 6

Alloy: 8090

Form (a) Hand Forgings >4-in. Section
ST +Compress + Age

Temper T652

Direction L T ST

F(u (ksi) 62 61 58

Fty (ksi) 51 49 45

e (percent) 4 4 2

Kq (ksi dTn.) (b) 26 19 13
(a) No further details given
(b) Method ol measuring Kq not defined

8090-T8
ST CWQ 13% stretch t 389F, 16 h -s

L >C

O Mor

• Cyc
olonic
ic R = -1

0.00 0.01 0.02 0.03 0.04
Total Strain

Fig.3.2.1.1 Monotonic and stabilized cyclic stress-strain curves
for 8090-T8 plate (Ref. 18,Fig.4)
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8090 and 8091
0.06- to 0.68-in. sheet
ST 980F, AC or WQ

•a Air quenched
O A Cold water quenched

Partialty Recrystallized

10

70 'tu-- O"
8091 Unreciystallized

60

50

— -O -

40

30

102 10
Agin; Time at Room Temperature, hr

Fig. 3,2.1.2 Effect of natural aging time and quench rate
on tensile properties of 8090 and 8091 sheet (Ref. 2, Fig. 1)

75
8090-T3
0.053-in. sheet
ST 986F, various times, WQ + 374F, 16 hr

70
O A ST in NaN03•a ST in air

5 mil surface
removal65

60

55

5 mil surface
removal50

45

40
50

Time, Vhr

Fig. 3.2.1.3 Effect of solution time on tensile yield
and ultimate strength of 8090-T6 solution tTeated in
air or a salt bath and effect of surface removal after
solution treatment for 256 hours (Ref. 9, Fig. 1,3)
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8090 I I
Reciystallized 0.063-in. sheet
Aged at 3Q2F lor various times

Direction
ÿ T
A 45°
0 L

30 40 50
Aging Time, hr

Fig. 3.2.1.4 Effect of aging time at 302F on tensile properties
of recrystallized sheet (Ref. 5-2, Fig. 3)

15

|10
<D
o.
e
ÿ

3 5

8090 |
0.06- and 0.08-in. sheet
ST 986F. WQ + aoe + orestrain

•ÿ-°•--- Ftu

—• Fty

l/ /»
4

D /

OJ
aa/&

A F.u

V / A

A/4 A Fty

a/
RT

<1 hr

•A
Age
3400 hr

O
A

fk.

o
A
• UR
A PR

A. -A A 4
.A A

-•o° -ÿ

e

O • •
8 12

Prestrain, percent
16

Fig. 3.2.1.5 Effect of prestrain after aging on tensile
properties of unrecrystallized (UR) or partially recrystallized
(PR) sheet (Ref. 2, Fig. 6)
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Table 3.2.1.6 Effect of aging temperature and time on tensile properties and fracture toughness of 8090 forgings (Ref. 4-18,
Table 1)

Alloy: 8090

Form 5 Forged Blocks Approx. 15.5 to 197 in.2 in Cross Section and 5 to 18 in. in Length

Processing Direct Chill Cast Ingots, Stress Relieved + 1013F, 24 to 48 hours + Forging + 986F, 6 hours WD +
Compress 3 to 6 percent + Age

Direction ST Tensiles and ST or SL Fracture Toughness

Aging Temperature (F) 302 338 374

Aging Time (hr) 24 48 96 16 16

Ftu (ksi) 61 64 69 - 64

fty (ksi) 39 42 48 - 51

e (percent) .9 9 5 - 2.5

K0 (ksi Vm".) - - 21 17 9

8090-T3
0.063-in. sheet
Stretch + 33;F age

I
Stretch %
ÿ -0
0-3

e

-t- - b
A. 7

A

25 50 75 100
Aging Time, hr

125 150

Fig. 3.2.1.7 Effect of amount of stretch and aging time
on yield strength and elongation of 8090-T3 sheet
(Ref. 4-13, Fig. 3)

100

B0.

8090-T87 sheet

ft„
f

0

<2--

0 15 30 45 60 75
Angle to Rolling Direction, (leg

Fig. 3.2.1.8 Tensile properties of unrecrystallized 8090
sheet as a function of angle to the rolling direction
(Ref. 1,Fig. 10)
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8090
(Damage
Fully recg

tolerant) ,
/stallized sheet

f

Ftu
r> 1 o. ..

r

3--Fty

15 30 45 60 75
Angle to Rolling Direction, deg

Fig.3.2.1.9 Tensile properties of damage tolerant 8090
sheet as a function of angle to the rolling direction
(Ref. 1,Fig. 8)

Table 3.2.1.10 Comparison of two thermomechanical
treatments illustrating the beneficial effects of increased
stretching preceding aging coupled with low aging
temperature for 8091 0.5-inch plate (Ref. 4-11, Fig. 11)

Alloy: 8091

Form 0.5-inch Plate

Condition ST + 2 percent Stretch +
374F, 16 hours

ST + 7 percent Stretch +
338F, 32 hours

Direction L T L T

Ftu (ksi) 78 60 82 83

Fty (Ksi) 73 47 79 83

e (percent) 4 2.5 4 5

Kq (ksi VTrT.) - 14 (TL) - 26 (TL)

Table 3.2.1.11 Comparison of two thermomechanical treatments illustrating the beneficial effects of increased stretching
preceding aging coupled with lower aging temperatures for 8090 1-inchplate (Ref. 4-11, Fig.9)

Alloy: 8090

Form 1-inch Plate

Condition ST + 2 percent Stretch + 374F, 16 hours ST + 6 percent Stretch +338F, 24 hours

Direction L T ST L T ST

F,„ (Ksi) 73 70 67 79 75 71

Fty (ksi) 63 58 48 70 61 54

e (percent) 5 5 3.2 5.5 7 3

Kq (ksi VTrT.) - 19(TL) 9 - 24 (TL) 15

Table 3.2.1.12 Tensile properties and fracture toughness for naturally aged and artifically aged 8090 and 8091 plate
(Ref. 6, Table 4)

Alloy: 8090 and 8091

Form 0.63-inch Plate

Alloy 809Q-T3 8090-T8 8091-T3 8091-T8

Heat Treat (a)
3 percent CW 3 percent CW +374F,

16 hours
3 percent CW 3 percent CW + 374F,

16 hours

Ftu (Ksi) 51 76 60 84

Ft, (Ksi) 33 70 45 78

e (percem) 17 6 11 6

KIC (ksi v¥.) 16 SL 36 LT
13 SL

17 SL 20 LT
9 SL

(a) ST 986F, WQ + CW (stretch) + age

Code 3225
Page 30



August 1992 (revision) Aerospace Structural Metals Handbook Nonferrous Alloys • AIWT
8090 Al

Table 3.2.1.13 Tensile properties of 8090-T6 forgings compared with those of sheet (Ref. 3-4, Table 2)

Alloy: 8090

Heat Treat ST 1022F, 4 hours + 392F, 8 hours See 1.5

Form Bar, 2.5 in. x1 in. LP Compressor Half Casing T6 Sheet

Direction L T Axial Circum Radial L(a)

Fj, (ksi) 64 57 63 65 55 67

F* (ksi) 52 44 47 48 43 52

e (percent) 8 4 7 7 3 4

Fracture Mode (b) IG + TG IG + TG TG TG IG -
(a) Minimum guaranteed; see Table 3.1.5
(b) IG = intergranular; TG = transgranular shear

Table 3.2.1.14 Tensile properties of 8090-T8 heavy plate at different thickness positions (Ref. 5-3)

Alloy: 8090-T8

Form Plate

Treatment 1.2 and 2.4-in. Plates: ST 968F, WQ + 2.5 percent Stretch +374F, 16 hours
4-in. Plate: ST &68F, WQ + 374F, 16 hours

Position Surface Quarter Center

Direction L T 45 L T 45 L T 45 ST

Thickness (in.) 1.4

F,u (ksi) 77 78 71 - - - 77 78 71 -
Ffy (kSi) 70 69 59 - - - 71 69 59 ÿ

e (percent) 7 7 11 - - - 7 7 10 -
Thickness (in.) 2.4

Ft,, (ksi) 71 72 71 73 70 69 76 76 69 67

Fly (kSi) 62 59 57 65 57 54 68 63 56 53

e (percent) 9 7 9 7 6 8 6 6 9 3

Thickness (in.) 4

F|„ (ksi) 70 69 68 68 70 68 62

Fry (kSi) 59 55 58 52 60 55 48

e (percent) 7 9 7 8 6 6 3

Table 3.2.1.15 Comparison of tension and compression
yield strengths for 8090 and 8091 in theT651 temper
(Ref. 4-8, Fig. 13)

Alloy: 8090 and 8091

Form 1-inch Plate

Temper T651 T651

Alloy 8090 8091

Direction L T L T

F,„ (ksi) 68 60 75 70

Fey (ksi) 59 65 71 76

Code 3225
Page 31



AIWT • IMonferrous Alloys Aerospace Structural Metals Handbook August 1992 (revision)

8090 Al

1200
8090 Specimens from 1.0-in. T3 plate
ST 1022F, 1 hr + isothermal age lor various times

1000

"ÿ800

600

30%'
0%

— 60% loss of — -
Charpy V energy

400

See table 1.5.1.3 for
composition and other details

200
too 1000101

Time, sec

Fig. 3.2.3.1 Loss in Charpy V energy relative to as-quenched
condition for isothermal aging of 8090 lean-alloy (Ref. 16,Fig. 9)

1200
8090 Specimens from 1.0-in.T3 plate
ST 1022F, 1hr+ isothermal age for various limes

1000

"- 800

60% loss of —
30% Charpy V energy

600

0%

See table 1.5.3.1 tor
composition and other details

200
10001 10 100

Time, sec

Fig. 3.2.3.2 Loss inCharpy V energy relative to as-
quenched condition for isothermal aging of 8090 rich
alloy (Ref. 16, Fig. 9)

Table 3.2.6.1 Bearing and shear strengths of 8091-T8 and
8091-T877 plate (Ref. 1,Tables 6 and 7)

Alloy: 8090 and 8091

Alloy 8090 8091

Form Plate

Temper T877 (a) T8

Shear

Fsu (ksi) 39 64

Bearing

ffu <•«')
o II en 102 -

e/D = 2 128 -
fpy (tei)

e/D = 1.5 86 -
e/D = 2 96 123

(a) Stretch 7 percent before aging

8090-T651 |
Plate, unspecified thickness

I
I

\ SL

\
I \

A

, ÿ A

302F

••vr

n
ÿr-, 338F

374F

10 20 40 60 80 100 200
Aging Time, hr

Fig.3.2.7.2.2 The effect of aging temperature and time on
the short transverse (SL) toughness of S090-T651 plate
(Ref. 13, Fig. 14)
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Table 3.2.7.2.3 Effect of panel width on the Kc values obtained for 8090-T81 sheet (Ref. 5-5, Table 2 and Ref. 4-11,Fig. 4)

Alloy: 8090

Form 0.06-inch Sheet

Temper T81 (Damage Tolerant)

Reference 5-5 4-11

Age 302F, 24 hours 302F, 12 hours

Direction L T T

Panel Width (in.) 10 20 30 10 20 30 16 20 30

Fry (ksi) 49 49 49 46 46 49 50 50 50

Kc (ksi VTrT.) (a) 104 127 149 86 101 - 137 145 159

(a) From R curves prepared according to E 561

8090, 0.06-in. sheet
Structures produced by various unspecified

processing methods

Recrystallized (fine grain)
grain aspect ratio 1:1

Recrystallized (laminar)
grain aspect ratio 6-10:1

Unrecrystallized
grain aspect ratio >100:1

100

90

s 80

\ 70
a.
re

60

50

40

30

ftecryj

\ A
tallized (fine grain)

S
ÿ

r. Unre
x" ' \

crystallized

M(T) Panels
- W = 16 & 20 i

ASTM E 561

40 50 60 70 80
Tensile Yield Strength, F,y, ksi

Fig. 3.2.7.2.4 Effect of grain structure on fracture
toughness (Kc and Kapp) of 8090 sheet (Ref. 4-11, Fig. 5)

80

70

60

50

40

30

20
40

8090, 0.063-in. she
ST997F, 1/4hr,W
Stretch + age 374F
Kt from ASTM E 5f
M(T) specimens:

T3•

et
0 + 0% or 2%
0 to 104 hrs
1 R curves

V = 4 in., 2a0 = 1,3 in

Stretched

01

2

3* >•5

Uns
)846

retched J 24
•10

24 %y*i6

104
64

*104

7050 60
Tensile Yield Strength, Fjy, ksi

Fig. 3.2.7.2.3 Fracture toughness (Kc) as a function of aging
time for stretched and unstretched 8090 sheet (Ref. 3-3, Fig.8)
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8090-T351 and -T651, t.O-in. plale

•200 -100
Test Temperature, F

Fig, 3.3.1.1 Effect of temperature on the tensile yield
strength and elongation of 8090 plate {Ret. 4-10, Table 1)

80

60

5 40

20

8090
0.063-in. sheet
ST 960F, WQ O ST + 325F

A ST + 3%
.24 hrs
tretch + 325F, 24 hrs

t hrsoakatte t temperature

0 200 400 600
Test Temperature, F

Fig. 3.3.1.3 Effect of test temperature on tensile yield
strength of 8090 sheet in the T6 and T8 conditions
(Ref. 3-2, Fig. 1)
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Fig.3.3.1.2 Effect of test temperature on tensile yield
strength of extruded rod and sheet in the T6 condition
(Ref. 3-2, Fig. 4)

8090 |
Extruded rod and sheet
ST968F, WQ + Age 383F, 24 hrs

1 hr soak at test
temperature

ÿ 0.40-in. dia
extruded rod

A 0.063-in. sheet

200 400
Test Temperature, F
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120
8090-T8
Forging blocks Block A: 18*16 in. section

Block B: 6 x 6 in. section
100

JRange of 3 tests

M*

t/i

\

30

-400 -200 0 200 400
Test Temperature. F

Fig. 3.3.1.5. Effect of low test temperatures on two

8090-T852 forging blocks of different size (Ref. 5-10, Fig. 2)
Fig. 3.3.1.4 Effect of test temperature on the tensile yield
strength of 8090-T6 extrusions subjected to short and long
time exposures at test temperature (Ref. 3-2, Fig. 5)

8090, Extruded 0.40-in. dia rod
ST 968F, WQ + age 383F, 24 hrs

ÿ 1hr soak at test
temperature

O 1000 hrs soak at test
temperature

200 400
Test Temperature, F
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8090, 1.0-in. plate,
ST968F.W0 + CR 56V.
Soecimens: ST 968F, WO + INstorage until tested

-100 -50
Test Temperature, F

Fig,3.3.1.6 Effect of low test temperatures on tensile
strength of 8090 as-quenched plate (Ref. 5-9, Fig. 1)

70

_
60

50

40

=" 30

20

10
-200

8090, 1.0-in
See Figure 3

plate, I
3.1.6 for processing

\ RA

\u
° \

\
v e

. Uniform!
XÿC
train

-150 -100 -50
Test Temperature, F

50

Fig. 3.3.1.7 Effect of low test temperatures on tensile
strain properties of as-quenched 8090 plate (Ref. 5-9, Fig. 2)

0.40

0.35

ÿ5 0.30

0.25

0.20

8090, 1.0-in
See Figure 3

plate
3.1.6 for proc issing

o o,
/o

-200 -150 •100 -50
Test Temperature, F

50

Fig. 3.3.1.8 Effect of low test temperatures on the strain
hardening exponent of as-quenched 8090 plate (Ref. 5-9, Fig. 3)
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Table 3.3.1.9 Tensile properties and fracture toughness of 8090 plate at room temperature and -320F for two conditions of heat
treatment (Ref. 19,Table 2)

Alloy: 8090

Form 0.4- to 0.63-inch Plate

Heat Treatment ST + 3 percent Stretch + Natural Age ST + 3 percent Stretch + 374F, 16 hours

Orientation LT SL LT SL LT SL LT SL

Test Temperature (F) RT RT -320 •320 RT RT -320 -320

F„, (ksi) 51 71 78 93

Fry (ksi) 32 37 70 75

e (percent) 17 24 6 8

K,c (ksi %fin.) 24(a) 15 18 15 33 12 35 11

(a) Invalid by ASTME 399

1.6

1.4

1.2

1.0

0.6

8090-T8
See Figure 3.1
ASTM E 602
Tension spec

.1.5
otch
D = 0.5 in.

/
/

\lt
\
\

/

/

__
L \

\

STÿ<
l

P
/

/

U/

1
1
I ÿST

— — Block A— Block B

i
i

50
8090-T8, 1.0-in. plate I i
1013F (545C) WQ + 7% stretch + 338F (170C). 32 hrs
For Kq test method see Table 1.9.6.5

40 • 18 I I
O T8 ÿ 392F (200C). 5 min in salt, CWQ
A T8 +410F (2100), 5 min in salt, CWQ

ÿ200 -100
Test Temperature, F

Fig.3.3.7.2.1 Effect of low test temperatures on SL fracture
toughness of single- and double-aged plate (Ref. 21 ,Fig.3)

-400 -200 0 200 400
Temperature, F

Fig. 3.3.7.1.1 Effect of test temperature on sharp-notch
strength ratio of two S090-T852 forging blocks, the larger
(Block A) of which exhibited grain boundary embrittlement
due to the T2 phase (Ref. 5-10, Fig. 4)
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Fig.3.5.1.1 S-Nscatter bands for 8090 at two yield strength
levels (Ref. 4-4, Fig. 3)

8090, 1.0-in. plate
As received ST + 2.5% stretch
For details, see figure 3.5.1.1

20
10« 10s 10® 107

Cycles to Failure

Fig. 3.5.1.2 S-N scatter bands for two yield strength
levels of 8090 tested at 184F (Ref. 4-4, Fig. 3)

70

60

50

40

30

20

8090, 1.0-in.plate
As received ST +
For details, see fig

.5% stretch
ure 3.5.1.1

305F

. N (Fty = 57 ksi)

PIFÿeSksi)3/

104 105 106
Cycles to Failure

107

Fig. 3.5.1.3 S-N scatter bands for two yield strength levels
of 8090 tested at 305F (Ref. 4-4, Fig. 3)

8090 and 8091, 1.0-in. plate

U//A 8090 • T651
fWx't 8091 - T651

Axial fatigue
R = 0.1, Kt = 1

10®
Fatigue Life, cycles

Fig. 3.5.1.4 S-N scatter bands for axial-load fatigue
of smooth specimens of 8090 and 8091 plate (Ref. 13)
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Cycles la Failure

1.0-in. plate I I
As received ST + 2.5% stretch + P or N

N-985F, 3/4 hr W0 +
" 373F, 20 hrs -

P-Age 375F, 20 hrs

0.12-in. dia L specs from
plate center

I I

RT
- Plate bending

R = -1
f = 24 HZ

N (F,y = 57 ksi)
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qI--
to4 105 10s 107 108

Fatigue Life, cycles

Fig. 3.5.1.5 S-N scatter bands for axial-load fatigue
of notchspecimens of 8090 and 8091 plate (Ref. 13)

Fig. 3.5.1.6 S-N curves for 8090-T6 plate tested in air or
in 3.5% NaCl (Ref. 4-7)

105 106
Cycles to Failure

8090-TS. 1.0-in. plate II
955F, 1 hr. WQ 1374F. 24 hrs

R = -1
Rotating Beam —
I III!

Fracture mode LGB
delamination + TG
fracture--8090-T6, 1.0-in. plate I

965F, 1 hr, WO + 374F, 2 hrs
Fjy (L) = 50 ksi; Fÿ (T) = 54 ksi

105
Cycles to Crack Initiation

Fig. 3.5.1.7 Fatigue crack initiationcurves for 8090-T6 plate
inair or 3.5% NaCl (Ref.4-7, Fig. 3)

SE (B) 4 pt specimen

Kt = 1.50
Scatter bands are for LT, TL, £ Sl-
crack orientations

NaCl

809D-T6, Forging compressor had casing
See table 3.2.1,13 lor heat treatment and tensile properties

I
Rotating beam
R = -1 |

—C— Al-Li, room temperature

— — • Al-Li. 150 C

Fig. 3.5.1.8 S-N curves for an 8090-T6 forged compressor
casing at RT and at 302F (Ref. 3-4, Fig. 11)

10s 106
Cycles to Failure
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10"

10-2

10-

10"4
10'

8090 Extruded bar
ST 977F, WO + 2% slreti
Ftu = 78 ksi

,h + 374F, 12 hrs

• L

0 Surface

>

102
Cycles to Failure

103

Fig. 3.5.1.9 Low-cycle fatigue behavior for extruded bar
(Ref. 3, Fig.4)

B090-T6, Forgings
See table 3.2.1.13 tor heat treatment and
tensile properties of casing

O Data from annulus filler
ÿ Data from casing

10" 105
Cycles to Failure

Fig. 3.5.1.10 Low-cyde fatigue strength for two 8090-T6
forgings (Ref. 3-4, Fig. 12)

10"'

c;
$10-2

= 10-3
ca

V3
o

3 10-4
a.

10"5

8090-T851
Unspecified form or size

NAn

\
10' 102 103

Reversals to Failure
10" 10s

Fig. 3.5.1.11 Low-cycle fatigue curve for 8090-T851
(Ref. 18,Fig. 6)

1(H

10"6

10"«

10-10

8090. 0.43- to 0.63-in.
T3-ST + 3% stretch
T8-ST * 3% stretch 131

late

4F. 6 hrs

!
ASTM E 647

B = 0 25 in.
a >0.2 in.

3
ÿ

__
/ J

y

R = 0.1
I= 50 Hz
IT

/

T8/
/

t /
f

/

1
I

1
1
1
I .

2 5 10 20
a*, kSir/iiT

Fig.3.5.2.1 Fatiguecrack propagation rates for S090-T3
and 8090-TB plate (Ref. 10, Fig.2a)
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8091. 0.43- to 0.63-in. plaie
T3-ST* 3% stretch
18- ST + 3% stretch + 374F. 16 hrs

ASTM E 647
C (T) specimens
3 = 0.25 in.
a >0.2 in.

R = 0.1
f = SO Hz

/T3

201052
AK, ksi -/irT

Fig. 3.5.2.2 Fatigue crack propagation rates for 8091-T3
and 8091-T3 plate (Ref. 10,Fig. 2b)

8091,Extruded plate I i ! I
995F, 14 hrs,WQ + 3.5% stretch ÿ age

Tested in air--Ail aged conditions
tested in vacuum

C (T) specs

R = 0.1 j— I= 35 Hz

Overage

10"'

Underage

1 2 3 4 5 6 10 10 20
AK, ksi r/E

Fig. 3.5.2.3 Fatigue crack propagation rates for three
aged conditions of 8090 extrusions tested inair or in
vacuum (Ref. 4-5, Fig. 7)

Table 3.5.2.4 Heat treatments used inproducing the test material representing the fatigue crack propagation rates illustrated
inFigures 3.5.2.5 and 3.5-2.6 (Ref. 5-6,Tables 2 and 3)

Alloy: 8090 and 8091

Form 1.77-inch Plate

Treatment ST 1012F, WQ + 6 percent Stretch +
338F, 32 hours Re ST, WQ + 338F, 100 hours Re ST, WQ + RT.24 hours + 338F,

48 hours

Designation (S) (US) (DA)

Alloy 8090 8091 8090 8091 8090 8091

Fv (ksi) 69 67 59 59 52 59

Hardness (VHN) 159 164 149 159 149 158
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10'6

!10"7

10-8

8090, 1.77-in. plate I
1012F.W
See table

Q + S, US
3.5.2.4 fo

or DA
details

j yV
r = o;
t =30 H2 //!
/ /
/ // 1

OA

s
US

10-6

1.5 2.0 2.5 3.0 3.5
AK, ksi i/HT

4.0 4.5

Fig.3.5.2.5 Fatigue crack propagation rates for 8090 plate
given several treatments (Ref. 5-6, Fig. 5)

>10-7

10-8

8091, 1.77-in, plate 1
1012F,
See Ta

WQ + S, US or DA
lie 3.5.2.4 for details

i i

4Y ÿ

]
R = (

f = B Hz i
/ÿ

y
l l

li f

/
"DA

A

US

1.0 1.5 20 2.5 3.0 3.5 4.0 4.5
AK, ksi ÿ/iiT

Fig. 3.5.2.6 Fatigue crack propagation rates for 8091 plate
given several treatments (Ref. 5-6, Fig. 5)

10"6

> 10'7

10-6

8091. 177-in. plate
(S) treatment
See Table 3.5.2.4 for details

(.33 Hz R = 0.1

R -07

y

/ rPf T
/ ci

J

8090, 1.4-in. plate "I T
For heat treatment, see Table 3.2.1.14

1 2 3 4 5 6 7
ak, ksivnr

Fig. 3.5.2.7 Fatigue crack propagation rates at R = 0.1 and
0.7 for 8091 plate (Ref. 5-6, Fig. 5)
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C (T) specs
B = 1.3 in
R = 0.1
1 =33 Hz

4 6
aK, ksiVhn

Fig. 3.5.2.8 Fatiguecrack propagation rates for 8090
1.4-in. plate for several crack orientations at the plate
center (Ref. 5-3, Fig. 6)
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8090. 4.0-in. plate
For heat treatment, see Table 3.2.1.14

C (T) specs
B = 1.3 in.

I= 33 Hz
R = 0.1

4 6
aK, ks) VTrT

Fig.3.5.2.9 Fatigue crack propagation rates for 8090
4-in. plate for several crack orientations at the plate
center (Ref. 5-3.Fig. 8)

8090, 4.0-in. plate I I
For heat treatment, see table 3.2.1.14

R =0.1
f = 33 Hz h

Surface

Center

4 6
AK, ksii/irT

Fig. 3.5.2.10 Fatigue crack propagation rates for 8090
4-in. plate at various thickness positions for TL crack
orientation (Ref.5-3, Fig. 7)
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10-5

j-10"6

S10"7

10"e

6090, 1.0-in. plate
ST 985F, W0 + 2.5% siretch + 373 F

I
16 hrs

' ' R = 1.1
i=o./ ru

1
-Specimen W =

—JlkP"

—f|— 02 > ir».
/ 1

*ÿ 1
i

Notctl
radius = 3.12 in. / ÿ

/ \
i
i

%
i

! / \
1( iv\ 1

a-inr Aimen
ndiaslee
5-52 RH(

i i
1.4 mr

— balls, 4 1 f
4 1
i

A
A

Unpeened
Peened

i
j

a-0-1 in.

\
5 10
ak, ksi vnr

20 50

Fig. 3.5.2.11 Effect of shot peening on crack growth rate
of a notched 8090 plate (Ref. 22, Fig. 5)

10"5

10-6

«T10"7

10-8

10-8

8090, 4.0-in. x 1.0-in. ex
ST 1013F. 3 hrs, WQ + 3
Fh. = 68 ksi

LT
i

i AXS7
1

1 / 1
Forproduction of

sy
figure 3.5.2.15 . /

/sN /
//

j

Ax

isSS
< -v 7 LuiiyuacM. ÿ

0.5 2 4
aK, ksi -lin.

16

Fig. 3.5.2.12 Fatigue crack propagation rates for short and
longcracks in overaged 8090 extrusions (Ref. 3-8, Fig. 2c)
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8090. 4.0-in. x 1.0-in. extrusion
ST 1013F. 3 hrs. WQ + 2.5% stretch + 374F
16 hrs. F,y = 69 ksi

For production of
short creeks, see
figure 3.5.2.15

long cracks

2 4
aK, ksi ÿiiT

Fig. 3.5.2.13 Fatigue crack propagation rates for short and
long cracks inpeak-aged (T8) 8090 extrusions
(Ref. 5-8, Fig. 2b)

10-4

10'5

ÿH10*

J 10"'

51CH

10-9

10-10
0.5

8090-T3, 0
See figure
and figure

.43- to 0.63-in. plate
3.5.2.1 for details of testing 1
3.5.2.15 for short cracks

3ng cracks

D Short cracks

°nd

ÿ

fcn DX
ÿ

[

ÿ

ÿ
QQJ

, n D
d?

=b

ÿ /ÿ
1 Latti
spacirt
ppr py

ce
g -•-
ip

ÿ

ÿ

Long eracks

LT

2 5
aK, ksi •/irT

10 20

Fig. 3.5.2.14 Fatigue crack propagation rates for longand
short cracks in 8090-T3 plate (Ref. 10, Fig.5)

10"3
8091-T3, 2091-T3. 2091-T8E41, 2124 and 7150
Small crack (4 x 10-4 to 0.40-in.) I I
Cracks produced and grown using 4 pt bend
smooth specimens cycled at 50 H2, R = 0.1

Scatter band for alloys
listed above

2 4
aK, ksi Vim

Fig. 3.5.2.15 Scatter band for fatigue crack propagation
rates of short cracks for several aluminum allovs
(Ref. 10,Fig. 7)
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ASTM E 647-86, C(T) LT specs.

- ST + 3% stretch natural
_L age _J_

ST + 3% stretch + 374F.
16 hrs i

AK,„, IrsiVhT.
Fig. 3.5.2.17 Fatigue crack growth rates for 8090-
T351 and -TS plate. Data corrected for closure
(Ref. 10,Fig. 9)

Fig. 3.5.2.16 Fatiguecrack propagation rates inair and in
3.5% NaCl for 8090-T6 plate tested in different crack
orientations (Ref.4-7, Fig.4)

10-2
8090-T8, 4.0-in. plate I I
See Table 1.9.7.1 for heat treatment,
tensile properties anP K0

C(T) specimens

ASTM E 647

R = 0.1
f = 50 Hz

Exposure at 210F
-None---100 hrs.....1000 hrs
I I

4 6 8 10
ak, ksi vnr

Fig. 3.5.2.18 Effect of exposure at 210F on fatigue
crack growth rate of S090-T8 plate (Ref. 20, Fig. 4)

10-2
8090-T8, 1,77-in. plate III
See Table 1.9.7.1 (or tensile properties and K[c

ÿ 10"4

10-to

I I

ASTM E 647, C(T) LT specimens
R = 0-1
I= 50 Hz

---3.5% NaCl

4 6 8 10 20
AK, ksiViiT

Fig. 3.5 2.19 Fatigue crack growth rates for
8090-T8 plate in air and in 3.5% NaCl solution
(Ref. 18,Fig.34)
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12.0

"511.6

"511.2

-10.8

10.4

8090-T3,0.063-in.

Dynamic

feet ÿ

- -

- -

900 15 30 45 60 75
Angle From Rolling Direction, deg

Fig 3.6.2.1 Young's modulus as a function of angle from
rollingdirection for S090-T3 sheet (Ref. 5-4, Fig. 2)

4.6

4.4

4.2

4.0

8090-T3, 0.063-in. sheet

DynaTliC

15 30 45 60 75 90
Angle From Rolling Direction, deg

Fig.3.6.3.1 Shear modulus as a function of angle from
rollingdirection for 8090-T3 sheet (Ref. 5-4, Fig. 3)

8090,1.0-in. ick extrusion

ÿ
ÿ

L

ÿ

Z =e'ex
e' = mean

—*
D

. { AH\
P (rt/
equivalent

ÿ

ÿ

strain rate
AH = activation energy of

deformation
R = gas constant
T = temperature ot

extrudate (K°)

<
# >*•

o
T

O

.--- O

0

A ST .— "a
-A-""'

a

21 23 25 27 29

Constant V, eAv
Constant £

Fig. 4.1.3.1 Influenceof extrusion conditions on back-end
tensile yield strength of 4 x 1-in. flat bar (Ref. 4-19, Fig. 1)

8090 CR 0.12-in. sheet I I
Superplastic deformation at 968F at constant
velocity (V) or at a constant strain rate (e)

5 600

300 L

10"5 10"4 10"3 10"2
Eav (Constant V) or Constant E, S 1

Fig. 4.1.1.1 Elongationas a function of strain rate for 8090
deformed at constant velocity or at constant strain rate
(Ref. 4-15, Fig. 1)
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Table 4.3.1.2 Tensile properties of as-GTA-welded and post-heat-treated sheet specimens (Ref. 4-2, Tables 3 and 4)

Alloy: 8090

Form 0.20-inch Sheet

Preweld Treatment 986F, 12 hours + 374F, 16 hours (T6 Temper); = 73 ksi, F„ = 63 ksi, e = 6 percent

Welding Conditions
TIG Welds - 110 amps AC at 15 V
Speed 0.04 to 0.16-inch/second

Welds Transverse to Rolling Directions; Specimens Normal to Welds

Postweld Treatment None 374F, 16 hours

Filler Al AI-5ST AI-5Mg AI-5Mg+{Zr) 8090 AI-5Mg 8090

F:u (ksi) 24 30 33 47 45 44 53

(ksi) 20 24 26 27 41 36 46

e (percent) 5 5 4 4 2 4 4

Fracture Path TG (a) Si(b) TG TG IG IG IG

(a) TG = transgranular: IG = intergranular
(b) Si plates
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