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General

The 8090/8091 alloys have undergone extensive
development during the last seven years. Compared
with conventional aluminum atloys they now offer a
ten percent reduction in density coupled with a ten
percent increase in stiffness. 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-Té;
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 in all 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 in conventional aluminum alloys. These
are associated with the presence of 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 ¢rack growth and
development of means to reduce the content of these
elements; (3} a better understanding of 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 compietely
described. Such data have been designated as K, and
are qualitatively useful for comparative purposes but
only when obtained from the sarne test types.

Commercial Designations
8090, 8091, 8090-T7, 8090-Té6, 8090-T81 (proposed).

Alternate Designations
Lital A (8090), Lital B (8091), and Lital C (8090-T81).

Specifications

{Table] Tentative mechanical properties for 8090
Aluminum Association Registration.

Composition
[Table] Composition of 8090 and 8091.
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Heat Treatment

General for 8090 and 8091. Combi- AI
nations of ingat processing and 2 5 Li
heat treatments are still under '
development. What follows repre- 1 . 3 c u
sents current practice designed to

optimize the combination %}f 1 . 0 M g
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, involving both cold work prior to solution treat-
ment and followed by other special heat treatments.
Damage tolerant material is generally underaged. The
need for rapid cooling rates from the solution tempera-
ture limits the production of recrystallized material to
sheet stock or equally thin sections. In general, rapid
cooling from the solution temperature is beneficial in
avoiding embritiling phases {Sections 1.9.1 and 2.1.2)
and results in improved fracture energy (Table 1.5.3.1).

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

Homogenization. For 8090 ingots, heat to 932F at S0F
per hour, raise to 1022F at 36F per hour, and hold 24
hours, AC. For 8091 ingots, heat to 932F at 90F per hour,
raise to 1022F at 18F per hour, and hold 24 hours, AC.

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

15.3.1 [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.

15.3.3 [Table] Effect of quench rate and recovery
treatments on the SL fracture toughness of

8090 naturally aged plate.

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

T351 ST + 1.5 to 7 percent Stretch + Natural Age.
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1.5.5

15.6

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 in recent literature {June 1992).

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)
using rapid heating and 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 in salt at temperatures between 375 and 450F
followed by cold water quenching (Figure 1.5.6.1). The
toughness-changes with reaging appear to be time-
temperature dependent, with aging times on the crder
of 5 to 10 min. producing the maximum toughness
increase (Figure 1.5.6.2). The improvement in SL
toughness is accompanied by moderate losses in F,
and F and increases in elongation and reduction of
area (Figure 1.5.6.3). One explanation for the increase
in toughness 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 reaging can be reversed by exposure to moderately
elevated temperatures. This loss in toughness is time-
temperature dependent (Figure 1.5.6.4) with substantial
improvements due to reaging being retained at 140F
for 2000 hours.

1.56.1 [Figure] Effect of reaging temperature on the
5L fracture toughness of 8050-T8 plate.

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

[Figure] Effect of reaging temperature on short-
transverse tensile properties of 8090-T8 plate.

[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 in quantity.
1.8 Melting and 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
Code 3225
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well as the stress corrosion resistance, is the precipita-
tion of the T, 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). Its presence
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 Figure 3.3.7.1.1).
It is probably impossible to completely avoid T, in
rapidly quenched sections greater than one-inch thick
(Ref. 4-18); however, its presence in small amounts does
not preclude the development of satisfactory properties.
Aging at low temperatures is beneficial in reducing the
deleterious effects of the T, 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 long aging times to develop satisfactory
strength; and commercial practice is often a compromise
(Ref. 4-18).

Directionality. Unrecrystallized structures are heavily
layered with grains oriented in the direction of major
hot working (e.g., the rolling direction). 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 minimum in tensile
strength properties and a maximum in elongation at
about 45 degrees to the rolling direction (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
in strength (Figure 3.2.1.9). However, recrystallized
sheet can exhibit crack propagation at about 70 degrees
to the rolling direction (Refs. 5-2, 5-5).

The mechanical anisotropy in heavy sections is evi-
denced by relatively low short-transverse elengation
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).

Safety. Lithium is a highly reactive metal; hence, spe-
cial precautions are required for melting, processing,
machining, and scrap disposal (Ref. 17). Molten Al-Li
alloys can explode violently when in contact with water.
The reaction is more energetic than with pure aluminum
(Figure 1.9.3.1). Dross and skimmings are also highly
reactive in water, and large amounts of hydrogen gas
are evolved. Heat treatment in salt baths may result in
explosions if incipient melting occurs. When Al-Li alloys
are heated above 500F, surface oxidation occurs and
lithium oxide 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 recomnmended 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 have on the
properties of other aluminum alloys. See Ref. 17 for
more detailed information and safety precautions.

1.9.3.1 [Figure] Energy reieased as a function of
weight of metal for pure aluminum and
Al-2.5 percent Li with water coolant.

Lithium Depletion. Solution treatment in air or in salt
can result in a loss of lithium from the surface, which
can result in a decrease in the strength of the aged alloy
{Figure 3.2.1.3). This loss appears to be slightly less in
the salt than in air. It has been shown that the surface
lithium loss is associated with sub-surface veids
(Figure 1.9.4.1). Even for long solution times, the dam-
aged surface layers could be removed by machining 5
mil from the exposed surfaces. Thus, normal finishing
operations should be sufficient, in most cases, to elimi-
nate the effects of lithium loss. However, in the case of
thin sheet, some reduction in design allowables may
be necessary, particularly if multiple soclution 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,

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

Liquid Metal Embrittlement. The presence of sodium
and/or potassium in very small quantities (<10 ppm)
can result in creep (sustained load) crack growth at
stress intensity factors well below K, . Somewhat larger
quantities can substantially reduce the SL fracture
toughness. In commercial 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 Al-Li alloys is similar to that
observed with other types of aggressive environments.
A thresheld K value is observed 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).

In plate, considerably higher SL crack velocities are
observed for sodium contents of 40 ppm than 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—<rack behavior (compare
the 176F 10 ppm sodium data in Figure 1.9.6.2 with
the 176F 3-to-5 ppm sodium data in Figure 1.9.6.1). As
might be expected, the crack velocity at a given K level
increases with increase in the exposure temperature
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(Figure 1.9.6.1). AtK values of 55 ksivin. (<Kq/2)
crack velocities are approximately 3x1073 in. per hour
at 240F for the two commercial plates investigated
(Figure 1.9.6.3). Extrapolation of the Arrhenius plot in
this figure indicates a crack velocity of about 2x10- in.
per hour at K = 5.5 ksiVin. and 120F. The susceptibility
of 8090 to creep crack growth is much higher than
observed in conventional aluminum alloys (Figure
1.9.6.4).

The fracture toughness of plate is reduced by the
presence of sodiumn, but reducing the sodium content
below 10 ppm did not change the fracture toughness
{compare the K values in Figure 1.9.6.2 with those
given in Table 1.9.6.5 for the naturally aged alloy).

Creep cracking has also been observed in 8090 sheet
{Ref. 19). The damage mechanism appears to be similar
to that in plate with crack velocities being strongly
dependent on the temperature (Figure 1.9.6.6). Recrys-
tallized sheet appears to exhibit much higher crack
velodities at a given K level than unrecrystallized sheet
whose behavior is similar to that of 2024Al {(Figure
1.9.6.7). This may be due in part 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 in scope, they point to a potential
problem that may limit the application of this alloy. A
threshold K jevel below which creep cracking would
be absent appears to be less than 4 ksivin, and growing
cracks would be expected to accelerate rapidly. it does
not appear that the deleterious influence of 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 8030 plates showing the
effect of sodium content.

1.96.3 [Figure] Arrhenjus plot of crack velocity in 8090
plate as a function of reciprocal of absolute
temperature ata Klevel of 5.5 ksivin,

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

1.9.6.3 ([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). Recrystallized and
unrecrystallized sheet show a smali increase in room
temperature tensile strength after exposure for 1000
hours in the temperature range between 200 and
300F. Exposure at higher temperatures results in a
loss in retained strength which is somewhat less for
the recrystallized sheet (Figure 1.9.7.2). The same
sheet exposed for 1000 hours at moderately elevated
temnperatures (see Table 1.9.7.3) shows a substantial
loss in toughness for 302F exposure. Exposure at 210F
for long times {(up to 1000 hours) produces a very small
decrease in the fatigue crack growth threshold and
higher crack propagation rates only at high AK 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 limited data 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 treatrents have been developed
(Ref. 24) which have the potential of minimizing this
effect. Structurally stabilized extrusions did not exhibit
a decrease in Charpy V impact energies after 18,000
hours following final heat treatment (Table 1.9.7.5).
Extrusicns given 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 results will
stimulate additional work to establish the nature of this
stability problem as it relates to practical applications
and to better define remedial treatments.

19.7.1 [Table] Effect of prolonged exposure 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 (Tablef Percent loss in room 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.

19.7.5 [Table] Effect of long-time exposure on the room
temperature tensile and impact properties of
structurally stabilized 8090 extrusions.
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1976 [Table] Tensile yield strength and fracture
toughness for structurally stabilized 8090
extrusion after 3.3 years at room temperature.

Physical and Environmental Effects

Thermal Properties
Melting Range: approximately 1100F.

Phase Changes. The alloy is hardened by precipitation
of several complex phases of A-Cu-Li-Zr. In the as-
quenched condition (naturally aged T3), the phases
are &(Al,Li) and B'(ALZr) for both 8090 and 8091. In
the artificially aged condition (T6), the phases in 8090
are &, f', T,(Al,CulLi), and S(Al,CuMg). In 8091-T8,
the T, phase is not present (Ref. 6).

The B’ phase is present as small coherent particles
which are effective in retarding sub-grain boundary
migration and coalescence. The phase can act as nuclei
for precipitation of § and, while the resulting compiex
phase makes a contribution to the strength by 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. In the naturally
aged alloy it is heterogeneous, being located primarily
at the grain boundaries. A small amount of plastic
deformation before aging results in a more uniform
distribution of the $ phase which is nucleated on the
dislocations produced by the cold work. This homo-
geneous distribution contributes strongly to the strength.
1t has been shown that double aging (without stretching)
will eontribute to a more uniform distribution of the

S phase (Ref. 5-6).

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

AT,, Al,Culi,, icosahedral phase can also be present
in these alloys in combination with magnesium as

Al Cu(MgLi),. This quasi-crystalline phase forms along
the grain boundaries and is particuiarly 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 siow cooling from the solution treat-
ment. Its presence can be minimized by use of rapid
quenching and its effects minimized by low aging
temperatures {Refs. 4-18, 15}.

2121 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 ailoy.

2.1.2.1.3 [Figure] Volume fractions of the T,

phase for 8090 copper-lean alloy.

2.1.2.1.4 [Figure] Volume fractions of the T,

phase for 8090 copper-rich ailoy.

2.1.2.1.5 [Figure] Volume fractions of the S

phase for 8090 copper-lean alloy.

2.1.2.1.6 [Figure] Volume fractions of the S

phase for 8090 copper-rich alloy.
Thermal Conductivity: 50.26 Btu-ft/ (hr-ft2-F).
Thermal Expansion.
Specific Heat: 0.22 Btu/(Ib F).
Thermal Diffusivity: 3.88 £2/hr.

Other Physical Properties

Density. For 8090: 0.0917 Ib/in.>.
For 8091: 0.0921 1b/in.3.

Electrical Properties.
Magnetic Properties.
Emittance.
Damping Capacity.

Chemical Environments

General Corrosion. There is a small database available
for the general corrosion resistance of 8090 and none for
8091. Some data for the general corrosion resistance of
8090 are presented in Tables 2.3.1.1 and 2.3.1.2. Inter-
granular and exfeliation tests (Table 2.3.1.1) indicate
that lower aging temperature produce better corrosion
resistance in these test types. The results in salt 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 in near neutral NaCl solutions
{pH near 7) but increase rapidly as the solution becomes
highly acidic or alkaline (Figure 2.3.1.3).

2311 [Table] Intergranular and exfoliation test results
on 8090-T351 extrusions given several aging
treatments.

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

2312

2.3.1.3 [Figure] Corrosion rates of 8090-T851 partially
recrystallized extrusions in NaCl solutions of

1<pH<13.

a.pH=24,57
b.pH=1,13
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Stress Corrosion. Slow strain rate tests of unrecrys-
tallized 8090 plate in 3.5 percent NaCl do 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 thresheld for stress-corrosion
cracking. Tests on unrecrystallized plate in humid air
(Figure 2.3.2.3) suggest a value of 12 ksivin. for that
environment.

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

{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.

2322

2323 [ Figu}e] Stress-corrosion crack velocity in

humid air for 8090-T651.

Mechanical Properties

Specified Mechanical Properties

{Table] Commercial specifications for 8090 hand
forgings and sheet.

{Table] Commercial specifications for 8090 plate.

{Table] Producer’s guaranteed tensile properties and
fracture toughness for extrusions.

{Tablel Producer’s guaranteed tensiie properties and
fracture toughness for plate.

{Table] Producer's guaranteed tensile properties for
sheet in the Té and T8 tempers.

{Table] Producer’s guaranteed tensile properties and
fracture toughness for hand forgings.

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

3211 [Figure] Monotonic and stabilized cyclic
stress-strain curves for 8090-T8 plate.

3.21.2 (Figure] Effect of natural aging time and
quench rate on tensile properties of 8030
and 8091 sheet.
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3.21.3 [Figure] Effect of solution time on tensile
yield and ultimate strength of 8090-T6 solution
treated in air or a salt bath and effect of surface
removal after solution treatment for 256 hours.

3.2.1.4 [Figure] Effect of aging time at 302F on tensile
properties of recrystallized sheet.

3215 [Figure] Effect of prestrain after aging on
tensile properties of unrecrystallized (UR)
or partially recrystailized (PR} sheet.

3.21.6 [Table] 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 vield strength and elongation of
8090-T3 sheet.

3.2.1.8 [Figure] Tensile properties of unrecrystallized
8090 sheet as a function of angle to the rolling
direction,

3219 [Figure] Tensile properties of damage tolerant
8090 sheet as a function of angle to the rolling
direction.

3.2.1.10 {Table] Comparison of two thermomechanical
treatments Ulustrating 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 [Table] Tensile properties and fracture tough-
ness for naturally aged and artificially aged
8090 and 8091 plate.

3.2.1.13 [Table] Tensile properties of 8030-Té 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
yteld strengths for 8090 and 8051 in the T651
temper.

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

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 iscthermal aging
of 8090 lean alicy.

3.23.2 [Figure] Loss in Charpy V energy relative to
as-quenched condition for isothermal aging
of 8090 rich alloy.
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Bending.
Torsion and Shear, see Table 3.2.6.1.
Bearing.

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

Stress Concentration.
3.27.1 Notch properties, 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.

3.27.2.1 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 K;_ values have been pub-
lished. Most of the fracture tough-
ness data in this chapter has been
designated as K, even though the
test procedure does not conform to
any standard. For this reason caution
should be used in comparing the
values of K. For sheet materials, K,
or K, 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 (K, ). Different
investigators have used panels of
considerably different width and in
some cases no width is specified. The
values of K and K will depend on
the panel width ( ble 3.2.7.2.3). For
this reason meaningful comparisons
of sheet fracture toughness values
are not always possible.

The fracture toughness of unrecrys-
tallized 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 unrecrystallized 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 in unrecrystallized
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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 substantally increased fracture
toughness but still shows signifi-
cantly lower values for the ST crack
orientation (Table 3.1.4},

In the case of sheet, the highest
fracture toughness values (K_or Kapp)
are obtained with fine-grained, recrys-
tallized material (Figure 3.2.7.2.4).
{Figure] Effect of aging temperature
and time on the short-transverse
(SL) toughness of 8090-T651 plate.

[Tabie] Effect of panel width on the K_
values obtained for 8090-T81 sheet.

[Figure] Effect of grain structure on
fracture toughness (K and K, ) of
8090 sheet.

{Figure] Fracture toughness (K ) as a
function of aging time for stretched
and unstretched 8090 sheet.

32722

32723

32724

32725

3.2.8 Combined Properties.

3.3 Mechanical Properties at Various Temperatures
33.1 Tension Stress-strain Diagrams and 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 Té condition.

3.3.1.3 [Figurel Effect of test temperature on tensile
yield strength of 8090 sheet in T6 and T8

conditions.

3.3.14 [Figure] Effect of test temperature on the
tensile yield strength of 8090-T6 extrusions
subjected to short and long-time exposures

at test temperature.

3315 [Figure] Effect of low test temperatures on two

8090-T852 forging blocks of different sizes.

{Figure] Effect of low test temperatures on
tensile strength of 8090 as-quenched plate.

3316

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

plate.

3.31.8 (Figure] Effect of low test temperatures on the
strain hardening exponent 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.
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Compression Stress-strain Diagrams and Compression
Properties.

Impact.

Bending.

Torsion and Shear.
Bearing.

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.

3.3.72.1 [Figure] Effect of low test tempera-
tures on SL fracture toughness of
single- and double-aged plate.

Creep and Creep Rupture Properties

Fatigue Properties

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
presence of 3.5 percent NaCl the smooth fatigue life of
8090-Té 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
vield strength levels.

[Figure] S-N scatter bands for two yield’
strength levels of 8090 tested at 184F.
[Figure] SN scatter bands for two yield
strength levels of 8090 tested at 305F.
{Figure] 5-N scatter bands for axial-load
fatigue of smooth specimens of 8090 and
8091 plate.

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

{Figure] SN curves for 8090-Té plate tested
in air or in 3.5 percent NaCL

3512
3513

3514

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

[Figure] S-N curves for an 8090-Té forged
compressor casing at RT and at 302F.

Code 3225
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352

3519 [Figurel Low-cycle fatigue behavior for
extruded bar.

3.5.1.10 [Figure] Low-cycle fatigue strength for two
8090-T6 forgings.

3.5.1.11 [Figurel Low-cycle fatigue curve for 8090-T851.

Fatigue Crack Propagation. Long crack (equal or greater
than the material thickness) fatigue propagation rates
in unrecrystallized material are strongly influenced by
the crystallographic texture and the mechanical anisot-
ropy (poor short-transverse ductility) assocdiated with
elongated grains with weak boundaries. These structural
features produce transgranular, tortious crack paths
for cracks oriented in the LT and TL directions. This
behavior results in crack closure forces associated with
fracture surface asperities. The closure forces lower
fatigue crack propagation rates for the TL and LT crack
orientations at low R ratios. At high R ratios the benefidal
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 ksiVin. (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 2 more planar crack
path (Figure 3.5.2.8). In the 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 and TL
orientations (Figure 3.5.2.9).

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 LS crack orientation are ail
increased substantially in the presence of 3.5 percent
Na(l (Figures 3.5.2.16 and 3.5.2.19). The effects of
under- and overaging observed for tests in air tend to
disappear for tests in vacuum, 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 initiate along slip bands in the
vicinity of microstructural heterogeneities or from
subgrain boundaries. Subsequent growth is crystailo-
graphic with arrests and changes in direction at grain

Code 3225
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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 stage of 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 ¢rack
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
in air or in vacuum.

3.5.24 ([Table] Heat treatments used in producing 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.

35.2.7 [Figure] Fatigue crack propagation rates at
R =0.1and (.7 for 8091 plate.

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

3.5.29 [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 B090 plate.

3.5.2.12 [Figure} Fatigue crack propagation rates
for short and long cracks in overaged 8(90
extrusions.

3.5.2.13 [Figure] Fatigue crack propagation rates for
short and long cracks in peak-aged (T8) 8090
extrusions.
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3.6
361
362

363

3.6.4
3.65

4.1
4.11

3.5.2.14 {Figure] Fatigue crack propagation rates for
long and short cracks in 8090-T3 plate.

3.5.2.15 [Figure] Scatter band for fatigue crack propa-
gation rates of short cracks for several aluminium
alioys.

3.5.2.16 [Figure] Fatigue crack propagation rates in
air and in 3.5 percent NaCl for 8090-T6 plate
tested in different 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 in air and in 3.5 percent NaCl solution.

Elastic Properties
Poisson’s Ratio.

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 rolling direction for 8090-T3 sheet.

Modulus of Rigidity.

3.6.3.1 ({Figure] Shear modulus as a function of angle
from rolling direction for 8090-T3 sheet.

Tangent Modulus.
Secant Modulus.

Fabrication

Forming

Superplastic Forming. Both 8090 and 8091 can be
superplastically formed and simultaneously solution
treated. If the starting condition 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
little quench sensitivity and, in gages 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 in strength properties (Ref. 4-14). Tests
at various strain rates indicate that higher elongations
may be obtained by constant velecity deformation
than by constant strain rate deformation (Figure 4.1.1.1).

4.1.11 {Figure] Elongation as a function of strain rate
for 8090 deformed at constant velocity or at
constant strain rate.

Aerospace Structural Metals Handbook
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4.1.2 Forging. A limited number of forgings have been

413

4.2

4.3
4.3.1

produced from the 8090 alloy. Properties were reported
in previous sections; however, no production details
were provided, It would appear that the alloy can be
successfully ferged 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).

Extrusion. 8090 extrusions have been 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.

Machining and Grinding
Joining
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 autogeneous GTA 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. In contrast, 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 Al-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 (F,, = 68 ksi and Fry =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. In most cases a light machining
will be sufficient.

{Table] Tensile properties of as-GTA-welded
and post-heat-treated sheet specimens.

4312

Code 3225
Page 9




AIWT - nonferrous Ailoys Aerospace Structural Metals Handbook

8090 Al

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 anisotropy and would probably
also be observed in structures employing fasteners, Its
significance to structural performance requires study.

44 Surface Treating
44.1 Anodizing. The sulphuric acid 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).
Code 3225
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Table 1.3.1 Tentative mechanical properties for 8090 Aluminum Association Registration (Ref. 29)

8090 Al

Alloy: 8090
Farm Plate (a)
Temger i T8
Thickness (in.} §.250-1.500 1.501-2.000 2.001-3.000 3.001-4.000 0.250-1.250
Fy (ksi) (min} 65 63 62 60 60
Fiy {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 22 27 24 28
Cu 1.0 16 16 2.2
Mg 0.6 1.3 05 1.2
Zr 0.04 0.16 0.08 0.16
Fe - 0.3 - 0.5
Si - 0.2 - 0.3
In - 0.25 - 0.25
Ti - 0.1 - 0.
Mn - 0.1 0.1
cr - 0.1 - 0.1
Others, each - 0.05 - 0.05
Total - 0.15 - 0.15
Code 3225
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Table 1.5.3.1 Effect of quench rate on the tensile properties and Charpy energy of 8090 as quenched, and stretched and
aged (Ref. 16, Table 2 and Fig. 3)

Alfoy: 8090
Form 1-inch T3 Plate
Quench 1022F, 1 hour, Quench

Composition, i - . | K i

weight percent 2.28Li-0.86Cu-0.90Mg-0.132r-0.13Fe-0.065i (Lean Alloy)

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

2 percent 4 percent 2 percent 4 percent 2 percent 4 pereent CV
Age Nene CW + 374F, CW + 338F, Nane CW + 374F, CW + 338F, None CW + 374F, W + 338F,
16 hr (a) 24 br 16 hr 24 hr 16 hr 24hr

Fy (ksi} 60 65 67 57 70 70 54 7 70
Fry (ksi) 34 58 58 33 60 60 30 62 60
e (percent) 6 8 6 17 8 7 18 8 3
Normalized . . R R . -
Charpy V (a) L 7 25

Compesition, " . o . - 5 (Ri

welght percent 2.58Li-1.36Cu-0.89Mg-0.13Zr-0.17Fe-0.048i (Rich Alloy)
Fip (ksi) 65 70 79 65 76 75 62 78 75
Fiy (ksi) 39 60 . 64 41 65 65 38 67 65
¢ (percent) 6 5 5 11 7 5 16 8 7
Normatized R . . R _ A .
Charpy V (b) ! 125

{a} 0.12-inch thick Charpy V-notch specimens with §.001-inch notch root radius.
(b) Normalized to the as-quenched value for each composition.

5090 | \
1.0-in. blanks from DC ingots rolled to 0.38 in.
{~60 percent) + 1022F for indicated times

Recrystallization, percent

i
i 9
’ _N 600 700 800

Rolling Temperature, F

400

Fig. 1.5.3.2 Recrystallized fractions as functions of rolling

Code 3225
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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 0il Air cw HW 0il Air
Kq (ksi ¥in) (c) 23 9 8 B 3 19 15 9
Ange 338F, 32 hours J38F, 32 hours + 410F, 10 min
Kg (ksi Vin.) (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 for 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: 8080
Temper Plate Sheet Forgings Extrusions
6 538F (170C), 32 hours
Peakaged condition: ST + 2 to 4 percent (Also T81) Peakaged condition: See Table 3.1.1 (Alloy | ST + 410F (210C), 410 5
8 siretch + 338F (170G}, 32 to 40 hours. ST + 1.510 2 percent stretch + producers furnished hours
Also, 3 percent stretch 374F, 16 hours 338F (170C), 32 10 40 hours no recommendations)
81 ST + 5to 7 1/2 percent stretch,
unspecified peakage (30)
2.5 10 4 percent stretch + 338F (170C),
T651
16 hours
Damage tolerant underaged condition: Damage tolerant underaged Damage tolerant underaged
1871 ST + 6ta 7 percent stretch + 302F condition (my be recrystallized): condition: ST+ 1.5t0 3
{150C}, 12 hours ST+ 1.510 2 percent stretch + percent stretch + 302F
302F (150C), 24 hours {150C), 12 hours
18771 6 to 8 percent stretch, 338F, 32 hours
86 51q 7 1/2 percent stretch, damage
tolerant unspecified age {30)

Code 3225

Page 13




AIWT - nonierrous Alloys Aerospace Structural Metals Handbook August 1992 (revision)

8090 Al

8080-T8, 1.78-in. plate
1013F (545C), WQ + 7% stretch + 3387 (170C) + reage in sali CWQ
40 } Far Kg test method see Table 1.9.6.5

8090-T8, 1.78-in. plate l
1013F (545C), WO + 7% stretch + 338F {170C),
35 32 hrs + 5 min at indicated temperatures in salt CWQ
For Kg test methad see Table 1.9.6.5
35

30 fleage Temperature

20 A 446F (230C)
L::; 25 o & 410F (210C)
= O 392F (200C)
K] 25
&

40 T T | 45

Ku, kslﬂ

2 ] //,/-\.\k
20 M,
st /// OOy
510 A
] 15 . -/é/
10 ® — 78 Condition ‘ 10 —T8 condition
| ‘ﬁ%.
!
5 . 5
350 375 400 425 450 0 1 2 3 4
Reaging Temperatore, F Log Reaging Time, min
Fig. 1.5.6.1 Effect of reaging temperature on the SL fracture Fig. 1.5.6.2 Effect of reaging temperature and time on the SL
toughness of 3090-T8 plate (Ref. 21, Fig. 2) fracture toughness of 8090-T8 plate (Ref. 21, Fig. 1)
a8 j 24 -
8090-18, 1.77-n, plate | [ 8090-T8, 1.78-in. plate
1013F (545C), WQ + 7% stretch + 338F (170C), 1013F (545C), WQ + 7% stretch + 338F (1700) A2hrs
32 hrs + reage 5 min in salt CWQ T8 Xg = 10.5 ksi ¥in.
80 | See Table 1.9.5.5 for T§ praperties Reage 382F (200C), 5 min salt, CWQ Kg=20 k5| ~in.
ap | For T8 Fyy and K method see Table 1.9.6.5
ST
5 70 1 Fu
i e AN
o =
“ 80 B 140F
=
F
O : sL
50 - b, -
O 12 1Y & S
248F 212F 176F
:118 Re-embsittie at indicated temperature
- e | RA | & 8 I
g [~ 0 10 20 30 40 50
H § SN W ey Re-embrittlement Time, Jor

0 Fig. 1564 Effect of temperature and time of re-embriitlernent on SL

30 %0 380 400 420 440 460 fracture toughness of 8090-T8 plate given a reaging (toughening)
Reage Temperature, F treatment (Ref. 21, Fig. 4)

Fig. 1.5.6.3 Effect of reaging temperature on shart-

transverse tensile properties of 8090-T8 plate

(Ref. 21, Table 2)
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Hardness, RF

Dapth of Onset of Porosily/Microhardness Gradient, pm
(]
=1
=1

120

8090, 0.60-in. diameter rod
ST 960F, WQ + age

ot Nt
/| \\

a0 & \ﬁ 6
\ 10
24
80
300 350 400 450 500

Aging Temperature, F

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

8090 Sheet
ST 986F

400

[*)
=
(=]

Parosity
Microhardness

-
o
o

0 4 8 12 16 20 24
Soluticn Time, hr

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)

Enesgy Released, kJ
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40
8090
Al-2.5Li
) Vi
Pure Al
20 / f/
A
/
/
0 /
1 II
s
/s
///
/,//
/4
0
0 1 2 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% Li with water
coolant (Ref. 4-9, Fig. 2}

S
L--]

12
K, ksifin.

16

Fig.1.9.6.1 Crack velocity as function of K level
for 8090 plate tested at elevated temperatures

(Ref. 22, Fig. 2)

K, MPavm
2 4 8 12 LI
100 |-80207871. 1.0-ana 1.77-in. plates 10
See iable 1,9.6.5 for heat treat,
tensile properties and Kq 8F
(170C)
s .
- /i =] 10
/ 248F
(120G}
res E
5102 A pd / 107 3
= L~ 4
: / ¥
£ 176 £
: / pol | 3
103 7 - =10* 35
5 &
- L] /140:’-
104 / e —10®
//_/
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K, MPa ¥m
1} 4 8 12 16
——— —r 10°7
102 8080, 1.42-in. experimental plates
ST + natural age + 338F (170C), 32 hrs :
See Tabte 1.9.6.5 for test method |
I
I
L 40 ppm Na 10 ppm Ha
5 - =108
S0 et =
g '//
-:-: /
g /]
= / —{109
S04 Na.ppm  Kp, ksivin, ——
g T il od UL T ALLLY
40 7.3
10 145
10-10
4 g 12 16
K, ksivin.
Fig. 1.9.6.2 Crack velocity as function of K level for two
experimental 8080 plates showing the effect of sodium
content (Ref. 22, Fig. 3)
K, MPa<m
1] 8 16 24 32
- — 106
4 | E09G-TE7, 1.0- and 1.77-in. plate
See Table 1.9.6.5 for heat treat, |
tensile groperties and Ky
8090-T8
7 248F (120G}
—107
102 // =
E 2014-Tag1 2
5 248F (1200) z
= / 2
£ E
=,; // —{108 =
E 107 -1 3
o &
=3 =3
S SL 5
—{109
104
10190
8 16 24 32

K, ksiin.

Fig. 1.9.6.4 Crack velocity at 248F as a function of K
levei for 8090 and 2014-T851 plates (Ref. 22, Fig. 4)
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Cragk Veloeily, m per sacond

Exposure Temperature, F
300 250 200 150

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

5L \
\
1074 \

R

107!

—_
=
"

K =55 ksi~in,
0 = 86 KJ male-

Crack Velocity, in. pertr
>
w

105

28 30 3.2
1000/T

Fig. 1.9.6.3 Arrhenius plot of crack velocity in 8090
plate as a function of reciprocal of absolute temperature
at a K level of 5.5 ksi¥in. (Ref. 22, Fig. 5)
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Alloy 8090-1’871_ 8090-T3 ?Ia_le 8090-T81 s_lleel 8090-T81 Sh_eet
Unrecrystallized Unrecrystallized Recrystallized Unrecrystallized

Reference 23, Table 2 23, Table 6 26 26

Thickness (in.) 1.77in. 1in. 116 in. 116 in.

Na (ppm) 3 5 7 2

Heat Treat (a) s;:rg:;r; g‘;‘:*;':;’:;"' ;L::ﬁrl";:"gﬂge“"’f:::r ST+ 302F, 26 hours ST+ 302F, 1 hour

F,, {ksi) 69 (ST) - 85 (zll orignlations) 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 (10kgf) 156 149 -

Ko (ksi ¥in) 10.5 (SL) 13 (5L}

Note: KQ & Crack

Velocity Measurements All plate K, and crack velocity data in this Table and in Figs. 1.9.6.1-1.9.6.7 are from 25 mm square bolt-foaded cantilever-beam
specimens precracked by bolt preload to produce pop-in. K, values reported represent 3 starts and stops of the crack following

pop-

{a) CWQ - cold water quench

in

(b) Oeg. to load axis. L represents G deg.

& MPavm~ K, MPaym
0 20 40 860 80 100 20 40 60 80 100
8090, 1/16-in. sheet { ' ! ! 8000, 1116 sheet | | ! !
Recrystaltized Retrystallized
See Table 1.9.6.5 for tensile See Table 1.9.6.5 for tensile
properties and heat ireat properties and heat treat
| — 10t
SENB 3-pt loaded —106 101 | SENB 3-pt Ioaded Recrystallized 8090 —
1071 Tested at 248F (120C) | 7 ppmKa
248F (120C) ]
— ]
//——-—- k= = / ! 107 “g’
E o7 8 E102 — - : S
= 492 ] / e 3 / L— l g
g / [ — g = i =
< E = : Z
- = = B
= T B / Unrecrystaliized 8090 2
] s ] TLand LT 108 2
] / Loz z Z109 : 2ppm Na |5
z 103 176F (80C} E & } ; =
S L 7
|
/ — 109
—109 104 : I
10 i 2024-13
0.10-in. sheet
: ’ 10710
| 1010 20 40 8¢ 80 100
20 40 60 80 100 K, ksivfin.
K. ki in. Fig. 1.9.6.7 Crack velocity as a function of K level at 248F for
Fig. 1.9.6.6 Crack velocity as a function of K level at 176F and 8090 recrystallized and unrecrystallized sheet and for 2024-T3
248F for 8090 recrystallized sheet (Ref. 23, Fig. 2) sheet (Ref. 23, Fig. 1)
Code 3225
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30

8080 Darﬁage tolerant 1.50-in. thick plate

Sodium content, wi%
LiStock Final Plate

25 I\ 0 0.007 “<0.001
o 40011 0.001
) 0 0580  9.004
o
li-f 3 Fy ~ 45 ksi
B 2 ™
o]
O]
10

E‘\\ o

5 10

50

Aging Time at 374F, hr

Fig. 1.9.6.8 Effect of sedium content in lithium on the
short-transverse fracture toughness of stretched and aged
8090 plate (Ref. 13, Fig. 13)

100

100 -
8090, 1/16-in. sheet | |
ReX-ST «+ 2% stretch + 302F, 24 hrs
UnReX-ST + 2% stretch + 302F, 10 his
80
— —————
g | == N
A
= 60
w
= 4 A UnReX
g ® O ReX
= }
2 a T
E F 28 RT after
= 1000 hrs exposure
20— ——= Fyatexposure -
temperature after 1000 hrs ~
exposure pt -
—-a
0
0 100 200 300 400 500

Fig. 1.9.7.2 Tensile strength of recrystallized (ReX) and unrecrystal-

Exposure Temperature, F

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

_ Alloy: 8090-T8
Farm 4-in. Plate
- ST 986F, WQ + 1.5 1o 3 percent Plastic
Condition Stretch + 338F, 32 hours
Location Specimens at mid-thickness
210F, 100 Z10F, 1000

Expasure None hours hours
FF,, i) 75 75 76
FF, i) 70 70 72
¢ (percent) 43 25 2
KK, si~in}{a) 32 () 17 15

(a) Fracture toughness determined with 0.4-in. thick C{T) LT specimens
(b) Invalid vatue: insufficient thickness
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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
Candition Recrystallized and Unrecrystallized
Heat Treatment See Fig. 1.9.7.2
1000 hr exposure temp (F) 32 75 150 302
Normalized | Ky (percent) {a) 100 100 80 53

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

panel tests.

Nonferrous Alloys » AIWT

8090 Al

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)

Aitoy: 8090
Form Plate
Thickness (in.) 1.77 1 1
Heat Treat -187711 -T651 -6
Exposure time (years) at RT 0 3 35 0 3 35 0 3 35
- Ky (ksi ¥in) as exposed {SL) {a) 16 13 12 21 21 20 25 16 16
Ky {ksiin.} after 338F, 1 hour (SL) - 16 . - 21 - 27

(ay 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 Structuraily Stabilized 2.5-in. x 0.54-in. Extrusion

Melt No. 69 n

Logations 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-Ibs) 109 1.1 82 84 10.7 10.2 75 75

Code 3225
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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. 23)

Alloy: 8090
Form Structurally Stabilized 1.75-in. x 0.058-in. Extrusion
Exposure afier Age 3.3 years at RT
Location Center Edge
250 300 350 250 3c0 350
Age Temperature (F) (a} 16 hours 24 hours 24 hours 16 haurs 24 hours 24 hours
F,y (ksi) L 40 49 55 47 56 62
K. (ksi Vi) SL specimens (b) 54 50 16 - 29
(4} 980F + 4 percent stretch + age as indicated
{b) Chevron notch short bar tests. Toughness befare exposure unknown
1200 - 1200
8090 \ l 8090 |
Specimens from 1.0-in. T3 plate Specimens frem 1.0-in, T3 plate
ST 1022F, 1 hr + isothermal age for various times ST 1022F, 1 hr + isothermal age for various times
See Table 1.5.3.1 for compasition See table 1.5.3.1 for composition
1000 : 1000 |
5 CL TpPhase 16 —— 0
T2 Phase /____(I) o /—-‘" - -
'y "©
C/ A‘ o - /A
w 800 1 - 800 -
5 M A 2 o * 8 A
?’ ) 5 1.36% G
g = I‘ A £ =3 4 » e
= 600 — * 500 ) |
[l (e~
A o] Al \—L
| i 3
400 v § Phase —L—— 400
i ] B gpuase
200 200
1 100 1000 10 160 1000
Time, set Time, sec

Fig.2.1.2.1.1 Nucleation start curves for 8090 copper-

lean alloy (Ref. 16, Fig. 6)
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Page 20

Fig. 2.1.2.1.2 Nucleation start curves for 8090 copper-

rich alloy (Ref. 16, Fig. 3)



August 1992 (revision)

Aerospace Structural Metals Handbook

1200
8090 1
Specimens from 1.0-in. T3 ptate
ST 1012F, 1 hr + isothermal age for varigus fimes
T; Volume percent
1000 { 0.86 Cu
See Table 1.5.3.1 fer compasition
/-—1-—58 -
037 osem" <,
U= 800 Vot
(-3
= 0.67 1.10 32839
B : | |
S 20
£ 0.89 1.82
2 10
600 [ l
032
Start
400
200
10 100 1000
Time, sec

Fig.2.1.2.1.3 Volume fractions of the T, phase for 8090

copper-lean alloy (Ref. 16, Fig. 6}

1200
8080 [
Specimens from 1.0-in. T3 plate
ST 1012, 1 hr + isothermal age for various limes
S Volume percent
1000 } 0.86 Cu .
See Table 1.5.3.1 for compasition
<0.25
w80 ‘
g L 3.58i
H]
= @7
2 1.28
g | N 5.0
™ 600 058~ 1.67 4.10—4.0—
I 217
1.1|D ~ |20
400 i Start 6.58]
i
200
10 100 1000
Time, sec

Fig.2.1.21.5 Volume fractions of the 5 phase for 8090

copper-lean alloy (Ref. 16, Fig. 8)

1200
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1000

8090 i

Specimens fram 1.0-in. T3 plate
ST1012F, 1 hr + isothermal age for various times
T, Volume percent
1.36 Cue

See Tabte 1.5.3.1 for Composition

/ 1.87
033 |
800 I ' 50—
g 0.45 242 \4.15
€ \ 40
% 1.7 2_{0
= 600 \ 1'9,7
Stant
400
200
10 100 1000
Time, sec

Fig.21.21.4 Volume fractions of the T, phase for 8030
copper-rich alloy (Ref. 16, Fig. 6)

1200

1000

8090 |

Specimens from 1.0-in, T3 plate
ST 1012F, 1 br + isothermal age for various times
S Volume percent
136 Cu !

See Table 1.5.3.1 for composition

A
u- 300 —
M <0.V5.93
=
s
@
E 0.36
@ v
= 600 Py L
\
(.25
400 ~(san 023
200
10 100 1000
Time, sec

Fig.2.1.2.1.6 Volume fractions of the 5 phase for 3090
copper-rich alloy (Ref. 16, Fig. 8)
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Table 2.3.1.1 Intergranular and exfoliation test results on 8090-T331 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 1351 + 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-5088 (b)
Test Result Surface 1G 0.001 in. {c) Pits 1G 0.001 in. N
Test Result Center N IG 0.001 in. 1G 0.601 in. Pits

(@) Extrusion cut to expose the center plane to the corradant
(&) NaCl, 1M+ H,0,, 0.3 percent solution

(¢} |G - 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 piate (Refs. 27, 28}

Allpy: 8090

Form

Sheet

Condition

Recrystallized

Unrecrystaltized

Age Treatment

$CC Threshold {ksi)

Salt Spray (a)

SCC Threshold (ksi)

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

435

EA

No Stretch 338F, 32 hours

435

2-4 percent Stretch 338F, 8 hours

EC

Farm

2-in. Plate SL

6-8 percent Stretch 338F, 32 hours

22

{a) 14-day duration using acidified salt spray (ASTM G 85 Annex Al). Rating according to ASTM G 34

Code 3225
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50 | Sample size: 1.38 x 1x0.12in

8090-T851 |
Extruded plate

Finish potish: 1 pm Aly05

“ Immersion in 3.5% NaC!;
40 #Cl or NaOlH added to
control pH
Z 0 \
[=
2
= p
€ B OpHS
? \ O ph?
g 20 ‘
||
; ™ \
10 | ] Peg
o]
I3
_g—o-‘—[r o
0
0 96 192 288 384 480
Time, hr

a. pH=2,4,5,7
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400 r
8090-T851
Peak rates associated with
300 rapid pit growth; decreasing
rates with formation of
protective fitms
=
a
= N |
= 7 pH1
= 200 \ A pHI3
E i
g i
e
S \‘7\ i
00 ~
1
\.\\ N
I .
—
N
gt
0 96 192 288 384 480
Time, hr
b. pH=1,13

Fig. 2.3.1.3 Corrosion rates of 8090-T851 partially recrystallized extrusions in NaCl solutions of 1<pH<13 (Ref. 5-7, Fig. 5

Table 2.3.2.1 Stress-corrosion of 8090-T8 plate in 0.5M 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 NaCi al -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 42 39 37 8.9 6.2 7.1
0.5M NaCl 0.4 0.2 0.5 1.1 1.1 1.3
Code 3225
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Tabie 2.3.2.2 Results of stress-corrosion tests of 8090 heavy forgings illustrating the possible beneficial effects of low
temperature aging and possible deleterious effects of relatively high silicon (Ref. 4-18, Table 3)

Alloy: 8090
Form and Processing See Tahle 3.2.1.6
Environment Alternate Immersion in 3.5 percent NaCl, ASTM G 44
Direction Short Transverse .
Condition Age 302F, 96 hours Age 374F, 24 hours
Specimen Type Tension C-Ring
Si Content 0.08 0.1 0.08
Applied Stress (ksi) 10t0 30 351045 10 20and 25 211031
N/F (1) (a) 10/0 /2 (4) 211 (9) 4/4 (5) 6/6 (1310 31)
{a) N =no.tested; F = no. failed; (t) = days to failure
108
8090-T651
2.0-in. plate . -
ST orientation, C(T) specimen Table 3.1.1 Commercial specifications for 8090 hand
/ forgings and sheet (Refs. 7, 8)
95% RH >,
104F Alloy: 8090-T8
1013F, WQ (100F max) + CW (a) + 300F,
YA Heat Treat ( % III]!!I'; (a)+
Farm Hand Forgings Sheet
g A Mickness tin.) (o) | 2-3-17.000 | 940 | 992
=
3 109 A Direction L T ST T T T
= Fu (Ksi) 62 | 59 | 59 65 81 65
S / A Fy (ksi} 49 | 47 | 44 51 47 | 33
[l e {percent) (c) 5 | 25| 25 4 4 4
i {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
() m2in.ord4p
1019
10 12 1 16 18

Stress Intensity Factos, K, ksi¥in.

Fig. 2.3.2.3 Stress corrosion crack velocity in humid
air for 8090-T631 (Ref. 3-1, Fig. 3)
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Table 3.1.2 Commercial specifications for 8090 plate (Ref. 8)
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8090 Al

Alloy 8090-T8 8090-T871 (a)
Heat Treat ST 1013F, Wa (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 3.000-6.008 1.000-1.999 2.000-6.000
Fy (ksi) 65 65 63 63 61 60
Fyy (ksi) 55 53 50 50 49 48
e (percent) {b) 4 4 4 3 1.5 15

(a) Damage tolerant temper

{b) For T8 temper in 2 in. or 40; 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
Fy (ksi) 62 58 75 €5
Foy (ksi) 52 46 67 55
e (percent) 4 4 4 4
Kq (ksi ¥in.) (b} 33 30 29 18

{a) Damage tolerant temper
{b) Method of measuring Kq 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 81 T81 {a)
Direction T ST L T ST
Thickness Location (h) T2 /4 T2 T/4 12 T2 12 T2
Fy (ksi) 72 64 69 65 62 61 61 54
Fy (ksi) 62 63 60 55 49 51 46 8
e (percent) 4 4 4 4 2 5 5 25
g (ksiVin.) (c) 27 - 24 24 15 5 30 18
{(a) Darnage tolerant temper
{b) T/2 = mid thickness; T/4 = quarter thickness
{c) Method of measuring Ko not defined
Code 3225
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Table 3.1.5 Producer’s guaranteed tensile properties for Table 3.1.6 Producer’s guaranteed tensile properties and
sheet in the Té and T8 tempers (Ref. 1, Table 6} fracture toughness for hand forgings (Ref. 1, Table 8)
Alioy: 8090 AMloy: 8090
Rand Fargings >4-in. Section
Form Sheet Farm (a) ST+ Compress + Age

Temper Té T8 Temger T§52

Direction L T L T Direction L T §T
Fr (ksi) 67 66.7 n 68 Fy (ksi) 2 61 58
Fyy (ksi) 52 52 58 52 Fy (ks) ” 25 a5
g [percent) 4 4 4 6 ¢ (percent) 4 4 2

Ko (ksi ¥in.} () 26 19 13

(a) No further details given
(b) Method of measuring Kg not defined

100
§090-78 i I

ST CWQ + 3% streteh + 385F, 16 hrs
® |

Ce—0 _8
- A
60
C  Menotonic
® CyclicR=-1
40

20

Strass, ksl

0
0.00 0.1 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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80 T 75
8090 and 8391 B080-T3
0.08- to 0.68-in. sheet 0.063-in. sheet
ST 980F, AC or WQ 5T 4986F, various times, W& + 374F, 16 hr
70 70
® 4 Air quenched 04 Stin Nahe3
O A Cold water quenched fo 4 ® 4 STinair
60 L
—r— O 5 mil surface
65 — removal
50}———Unrecrystallized,
A ! —
o1 o}
Fy & Fyy
40 . b il &~
. £
30 w
]
_a e A"/ 5
20
e
- .5 5 mil surface
10 Y removal
Y
50 e~
Fry v
Partially Recrystallized
ty }/Qﬂ 45
_ a0 <
[Z]
)
2
& 30 40
FIY s 0 5 15 20
Mm Time, Jhr
2 i I g Fig. 3213 Effect of solution time on tensile yield
- and ultirmate strength of 8090-T6 solution treated in
air or a salt bath and effect of surface removal after
L solution treatment for 256 hours (Ref. 9, Fig. 1, 3)
70 | : Fuy
8081 Unrecrystallzed o0 T
L W
50 AP
9/
50 oo . __v‘j e _ —FW-C' -
/é;ﬁ___._
40 (5
Q
30 L
//
—_— —
20
0! 169 101 102 103 104

Aging 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)
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Stress, ksi

Etongation, percanl
>

8090 | | |
Recrystallized 0.063-in. sheet

7

Aged at 302F for various times

Fu e
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I
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N |
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—

0 10 20 30 40 &0
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)
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8030 i
0.06- and 0.08-in. sheet

80 | ST 986F, WO + age + prestrain
o —*F,
73 ’.9"
/ e Fy
70 O
/
Yok A
[~ 2 fw
ey iy
c
60
a A
55
/ /“/—‘_ o
50 5
r RT Age
<l hr 3400 hr
N ® [+
A I
45 A l
O e R
40 A & PR
35
15
Ja
10 a1 A ) |
hd & |
g
5 L;r_—_lﬁoozn____._
o] . .
0
0 4 8 12 16

Prestrain, percent

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 8030 forgings (Ref. 4-18,

Table 1)
Alloy: 80390
Form 5 Forged Blocks Approx. 15.5 to 197 in.2 in Cross Section and 5 to 18 in. in Length
: Direct Chill Cast Ingots, Stress Relieved + 1013F, 24 to 48 hours + Forging + 986F, 6 hours W0
Processing g Compress 3 to 6 percent + Age ging *
Direction ST Tensites and ST or SL Fracture Toughness
Aging Temperature {F) 302 338 374
Aging Time (hr) 24 48 96 16 16
Fyy, (ksi) 61 64 69 - 64
Fyy (ksi) 39 42 48 - 51
€ (percent) 8 9 3 - 25
Ky (ksi ¥n.) - - 21 17 9
1o} 100
8090-13 8090-T871 sheat
0.063-in. sheet
Stretch + 331F age
£ 80 _ 8 \
‘,E a//l g \O\- Fiy o) /
= / &a \
] + Q
=7 _C,é ] 60 /
L/ F /
Iy
:/ ~——2
80 40
15 40
= Stretch % =
e 0-0 2
& 0-3 2
£ 10 +-6 = 20
= £-7 z e
g [m? i E ""T_
@ o 4
0 25 50 75 100 125 150 1] 15 30 45 60 75 90

Aging Time, hr

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)

Angle to Rolling Directicn, deg

Fig. 32.1.8 Tensile properties of unrecrystallized 8090
sheet as a function of angle to the rolling direction

{Ref. 1, Fig. 10)
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100 090 | Table 3.2.1.10 Comparisen of two thermomechanical
{0amage tolerant) treatments illustrating the beneficial effects of increased
Fully recrystallized sheet stretching preceding aging coupled with low aging
temperature for 8091 0.5-inch plate (Ref. 4-11, Fig. 11)
80
z ! Afloy. 8081
§ 4 Fiu Form D.5-inch Plate
& e
60/ . O __3:——0'/ - 8T + 2 percent Stretch + | ST + 7 percent Stretch +
Condittan 374F, 16 hours 336F, 32 hours
Fy /1 Direction L T L T
*——e [
, D e S Y Fy (ksi) 78 60 82 83
Fyy (ksi) 73 47 75 83
e (percent) 4 25 4 5
gg Ko (ksivin.) 14 (TL) - 26 (TL)
Ex e | A
£5 T8
= 4 N
0
0 15 30 45 60 75 90

Angle 1o Roiling Direction, deg

Fig.3.219 Tenstle properties of damage tolerant 8090

sheet as a function of angle to the rolling direction

(Ref. 1, Fig. 8)

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-inch plate (Ref. 4-11, Fig. 9)

Alloy: 8690
Form 1-inch Plate

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

Direction L T ST L T ST
Fy (ksi) 73 70 67 79 75 71
Fyy (ksi) 63 58 43 70 61 54
e (percent) 5 5 3.2 5.5 7 3
Kq (ksi ¥in,) - 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 8090-13 8050-T8 8091-T3 8091-T8
Heat Treat {a) 3 percent CW 3 percirg :::' '; 374F, 3 percent CW 3 pen::réi rtl:l:: ; 374F,
Fyy (ksi) 51 76 60 84
Fy {ksi) 33 70 45 78
e (percent) 17 8 11 6
R 16 5L 3BLY i7SL 20LT

K. {ksivin.) 1380 9sL

{a) ST 986F, WQ + CW (stretch) + age
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Table 3.2.1.13 Tensile properties of 8090-T6 forgings compared with those of sheet (Ref. 3-4, Table 2)
Allay: 8090
Heat Treat ST 1022F, 4 hours + 392F, 8 hours See 1.5
Form Bar, 2.5in. x1in. LP Compressor Half Casing TE Sheet
Direction L T Axial Cirgum Radial L {a)}
Fy (ksi) 64 57 63 65 55 &7
Fyy (ksi) 52 44 47 48 43 52
e {percent) 8 4 7 7 3 4
Fracture Mode (b) 1G+ TG IG+ TG TG TG iG
{a) Minimum guaranteed; see Table 3.1.5
{b} 1G = 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
T R W O
Position Surface Quarter Center
Direction L | 1 | s L | 1 | = L |7 | s | st
Thickness {in.) 1.4
Fy (ksi) 77 78 71 - . . 77 78 71
Fyy (ksi) 70 69 59 - . - 71 69 59
e (percent) 7 7 1 - - - 7 7 10
Thickness (ir.) 24
Fy, {ksi) 7 72 71 73 70 69 76 76 69 67
Fy (ksi) 62 59 57 65 57 54 68 63 56 53
e (percent) 9 7 9 7 & 8 6 8 9 3
Thickness (in.) 4
Fuo (ksi) 70 69 68 68 70 68 62
Fyy (ks 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 the T651 temper
(Ref. 4-8, Fig. 13)
Alloy: 8090 and 8091
Form 1-inch Plate
Temper 1651 T651
Alloy 8030 8091
Direction L T L T
Fy (ksi} 68 60 75 70
Fey (ksi) 59 65 71 76
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1200 - T 1200 T
8090 Specimens from 1.0-in, 73 plate 8090 Specimens from 1.0-in. T3 plate
ST 1022F, 1 hr + isothermal age for vasious times ST 1022F, 1 hr + isothermal age for various times
1000 1000 /..-__
w300 A uw- 500
g g
=] =
® g \
2 /———- 2 \
€ £
2 N / 2 . .
00 600 60% loss of
\\ \\\ 30% Charpy V energy
0 0%
0% 30% o
400 ' 60% loss of 400
. Champy V
See table 1.5.1.3 for 1oy Y Energ See table 1.5.3.1 for
composition and other details compaosition and other details
200 200
1 10 100 1000 i 10 100 1000
Time, sec Time, sec
Fig. 3.2.3.1 Loss in Charpy V energy relative to as-quenched Fig. 3232 Loss in Charpy V energy relative to as-
condition for isothermal aging of 8090 lean-alloy (Ref. 16, Fig. 9} 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)
Alioy: 8090 and 8091 8006-T651 | :
Plate, unspecified thickness ' |
Alloy 8090 [ 8091 30 :
Ferm Plate
5L
Temper T877 (a) I 18 25
Shear
F,, (ksi) 39 ] 64
Bearing 20 \
, 3 O Aa
Fyo {ksi) . ™4
eD=15 102 - S ° A ~ 302
el =2 128 - g 13 = N
[~
Fay (ki) - \ ¥
w Ly
oD =15 86 . , . [~ 338
1 foel
elD=2 95 123 I a7dF
(a) Stretch 7 percent before aging
5
o
10 20 40 60 80 100 200

Aging Time, br

Fig.3.27.2.2 The effect of aging temperature and time on
the short transverse (5L) toughness of §090-T651 plate
(Ref. 13, Fig. 14)
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Table 3.2.7.2.3 Effect of panel width on the K 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 53 411
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
K. (ksi ¥in.) (a) 104 127 149 86 101 - 137 145 159

{a) From R curves prepared according to E 561

8090, 0.06-in. sheat
Structures produced by various unspecified
200§ processing methads

80

8080, 0.063-in. sheet
ST 997F, 144 hr, WE + 0% or 2%
Stretch + age 374F, 0 to 104 Tus

E 150 ;'?.E K¢ from ASTM E 561 R curves
% AI K
s

70 } M(T) specimens: W =4in,, 2a5=1.3in,

Recrystallized {fine grain)
grain aspect ratio 1:1 Stretched
T3
100 Recrystatlized (laminar) T —— -1
grain aspect ratio 6-10:1 60 - &\\
~ x 3e 5
2
50 L d\
. 3 ;
‘-‘-‘\ % 50 5 0 10
Unrecrystallized = 45
grain aspect ratio >100:1 ] Unstretched 24 ”s
- o "
110 <, .0/6“/
104
104
100
?m,_\\ 30
90 ~ A
‘\2 Recrystallized (fine grain)
\ A
- 80 O
= 20
L;, NN 40 50 50 70
=70 Recrystallized (faminar) Tensile Yield Strength, Fyy, ksi
. o ‘ : Fig.3.2.7.2.3 Fracture toughness (K.) as a function of aging
&0 tirme for stretched and unstretched 8090 sheet (Ref. 3-3, Fig. 8)
;-Nrecryslallizeo
50 ; <5
M(T} Panels \ 5\
AOFW=168&20in. N~
ASTM E 561 :
30
40 50 1] 70 80

Tensile Yield Strength, Fy, ksi

Fig.3.2.7.2.4 Effect of grain structure on fracture
toughness (K. and Kypp) of 8090 sheet (Ref. 4-11, Fig. 3)
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100 T T 100
8090-T351 ans -T651, 1.0-in. plate 800 I
Extruded rod and sheet
ST 968F, W + Age 383F, 24 hrs
L ST
o e T35
80 & A TBS _ &
[ [
= i b 1 hr soak at test
w o temperature
£ £
E . T — A E'
= FaY =a— =
s s O N
] —_— =
= 2
40 4 }3
1 O 0.40-in. dia
3 Q —C extruded rod
— A 0.063-in. sheat
20 i
20
30 E 2
2
g 1 /G//Aj
= 10 _._/
e
. 20 N = C——"1
€ \ il
g %.\ 0 200 400 600
& b Test Temperature, F
< A7 T —=2 P »
£ ” 0 Fig.3.3.1.2 Effect of test temperature on tensile yield
& . '/ strength of extruded rod and sheet in the Té condition
s /| (Ref. 3-2, Fig. 4)
10 A
7
\"ﬁ‘___
2 80
8090
"2 0.063-in. sheet
AL edbe— A
. A 8T 960F, W © ST+ 325F, 24 hrs
400 -300 200 500 0 100 pm——] A ST + 3% Stretch + 325F, 24 hrs
Test Temperature, F 60
Fig. 3.3.1.1 Effect of temperature on the tensile yield o~

strength and elongation of 8090 plate (Ref. 4-10, Table 1)

Tensile Yield Strength, F,,, ksi
o
o

1 hr soak at test temperature

20

¢ 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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100 -
8090, Extruded 0.40-in. dia rod
ST 968F, WQ + age 383F, 24 hrs
=
ol
=)
N
&
=
=
=
E 40
R
O 1 hrsoak at test
temperature
C 1000 hrs soak at test
temperature
20 q
0
30
s
g 2 o=
& g
E o /‘-\
g -l
2 10 7
S ’
w V4
”
0 I
0 200 400 600

Test Temperature, F

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)

Strass, ksi

Elangation, percent

120

100

80

60

40

20

20

0

Nonferrous Alloys « AIWT

8090 Al

8090-78 | l |
Forging blocks Block A: 18 16 in. Section
= ——— Block B: 6x6in. section
]: I Range of 3 tests
I S Fiy
———l=T —
P T e "‘b
| \\
I"-"'- Fty N L
R s M SN
_____ Pyl fey—ps R N
T
A\
I
]
LT
[ o
P P /I
o T
& 1
 RT |
-400 -200 0 200 400

Test Temperature, F

Fig- 3.3.1.5. Effect of low test temperatures on two
8090-1852 forging blocks of different size (Ref. 5-10, Fig. 2)
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8090, 3.0-in. plate, 808D, 1.0-in. plate, |
ST G68F, WQ + CR 56% See Figure 3.3.1.6 for processing
60 | Specimens; ST $68F, WO + LN storage until tested 70 1
YA
50 2
= 60 ra o)
g o
A 2
40 B Fu < g
ML o @/Oﬂ T s
Z E
@B [+
Fry E 40 R —
2 R e e B NCS A g \
£ R e
w
10 "3 % \
& LI
e Uniform strain
s
i \3\5\0
0 20 —~—3
-200 -150 -100 -50 0 50 hd
Test Temperatore, F
Fig. 3.3.1.6 Eifect of low test temperatures on tensile
strength of 8090 as-quenched plate (Ref. 5-9, Fig. 1) 10
=200 -150 =100 -50 0 50

Test Temperature, F

Fig. 3.3.1.7 Effect of low test temperatures on tensile
strain properties of as-quenched 8090 plate (Ref. 3-9, Fig. 2)

0.40
80490, 1.0-in. plate
See Figure 3.3.7.6 for pracessing

0.35
g
g
&S
g
= 0.30
€ Vo
= o0
®
% 025 \bl )____‘.v*—"/

020

200 150 -100 50 0 50

Test Temperature, F

Fig.3.3.1.8 Effect of low test temperatures on the strain
hardening exponent of as-quenched 3050 plate (Ref. 5-9, Fig. 3)
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Table 3.3.1.9 Tensile properties and frachure 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 Streteh + 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
Fy (ksi) 51 7 78 a3
Fy (ksi) 32 37 70 75
e {percent) 17 24 6 8
K (ksiVin.) 24 (a) 15 18 15 33 12 35 1
{a) Invalid by ASTM E 389
18 50 4
808078 | 8090-T8, 4 0-in piate |
See Figure 3.3.1.5 — 1013F (545C) WQ + 7% stretch + 338F (170C). 32 hrs
ASTME 602 notch TN For Kq test methad see Table 1.9.6.5
Tension spec., D= 0.5in. ¥ ~ [T | |
/ ~ 40
/ N eTs | |
15 / AN O T8+ 392F (200C), 5 min in satt, CWG
j,._\ \ & T8 +410F (210C), 5 min in salt, CWO
// N ﬂ,’i c B
4 ~_l l; /..-———‘
// L - B SL /
I/ — - — /O
¥ —_——— o =)
g 14 117" == * ]
=
s ////I & I
g / II / 10 PR ——
» 1. v
27 v
£ /
g f ST 1
B e -400 -300 -200 -100 0 100
p Test Temperature, F
& 10 / ; 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)
. Block A
— == == Biock B
0.8
7 !
|
-400 -200 0 200 400

Temperature, F

Fig. 3.3.7.1.1 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 (Ref. 5-10, Fig. 4)

Code 3225

Page 37




AIWT - nNonferrous Alloys Aerospace Structural Metals Handbook August 1992 (revision)

8090 Al

70 : g - 70 0
8090, 1o plate | | 8080, 1.0-in. plate
As received ST + 2.5% stretch + Por N As received ST + 2.5% siretch
For details, see figure 3.5.1.1
N-985F, 3/4 hr WQ +
60 A 373F, 20 hrs 60
P-Age 375F, 20 hrs
2 184F
g 50 =
& % £ 5 \
E " 2
E 66 ksi) g
8 AT E
40}~ Plate bending ,E
R=-1 L
=24 Hz £ 9 3
‘ N (y = 57 ks \\2 P (Fy = 68 ks)
%0 \\- %\
| N g SR
0.12-in. di2 L specs from N (FEy = 57 ksi)
plate center ' \
Poy
104 105 108 107
Cytles to Failure 20
104 104 108 107
Fig.3.5.1.1 5-N scatter bands for 8090 at two yield strength Cycles to Failure

levels (Ref. 4-4, Fig. 3}
v 8 Fig.3.5.1.2 SN scatter bands for two yield strength

levels of 8090 tested at 184F (Ref. 4-4, Fig. 3)

70 : 80
8090, 1.0in. plate 8080 and 8091, 1.0-in, plate
As received ST + 2.5% streteh
For details. see figure 3.5.1.1
70 | Aozl tatigue
60 R=01,K-=1
305F 60 8090 - 7851 _|
g 8091 - 7651
B & :
. 50 23 E
2 \Q s
& \ = 50
e =
g \ ———
H
E 40 Wi A g
NN (Fyy = 57 ks) 40
%%x .
30 < 104 105 106 107 108
> Fatigue Lile. cycles
P (Fyy = 68ksi) Fig.3.5.1.4 SN scatter bands for axial-load fatigue
of smooth specimens of 8090 and 8091 plate (Ref. 13)
20 ’
iy 108 106 107

Cyeles 1o Faflure

Fig.3.5.1.3 S-N scatter bands for two yield strength levels
of 8090 tested at 305F (Ref. 44, Fig. 3)
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Maximum Stress, ksi

8090 and 8081, 1.0-in. plate
Axial fatigue
00— R-01K-2
40
ZZ7A  so90- 1851
) =Xy 8091-T651
g 30
B
&
E
=2
E
B 20
=
10
0
104 108 106 107 108

Fatigee Life, cycles

Fig. 3.5.1.5 5-N scatter bands for axial-load fatigue
of notch specimens of 8090 and 8091 plate (Ref. 13)

70

60

50

40

30

20

10

0
1

Fig.3.5.1.7 Fatigue crack initiation curves for 8090-T6 plate

8090-T6, 1.0-in. plate |
965F, 1 hr, WQ + 374F, 2 hrs
Foy (L) = 50 ksi; £, (T) = 534 ksi
SE (B} 4 pt specimen
N K, = 1.50
4 Scatter bands are for LT, TL, & SL
5222 crack orientations
y%>
\\ 4% u
N
\ N‘S % NaCl
\ [m—
“-\
04 105 106

Cycles to Crack Initiation

in air or 3.5% NaCl (Ref. 4-7, Fig. 3)

Maximum Stress, ksl

Maximum Stress, ksi
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60 F—— —
8090-T6, 1.0+in, plate | | {
865F, 1 hr, WQ + 374F. 24 hrs
Fry (L} = 50 ksi R=-1
50 Rotating Baam
P
™ Fracture mode LGB
)\ delamination + TG
40 ‘-U\ iracture
oan
\\\
P
2 \D N ~ Air
< ~
Al
\i
20 .
\\{
\EL:'\ 3.5% NaC)
10 P
0
10 0% 106

Cycles to Failure

Fig. 3.5.1.6 5-N curves for 8090-T6 plate tested in air or
in 3.5% NaCl (Ref. 4-7)

60

T T
8090-T6, Forging compressor half casing |
See table 3.2.1.13 for heat treatment and tensite properties
|

Rotating beam
R=-1 |

50

o

1

—C——Al-Li, room temperature
—O—"- AL, 150C

X

>~

" —
oy
IIIg
O
[,
20 -
104 108 106 107

Cyctes ta Faiture

Fig. 3.5.1.8 S-N curves for an 8090-Té forged compressor
casing at RT and at 302F (Ref. 34, Fig. 11)
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Cyctes to Faiture

101
8090 Bxtruded bar |
ST G77F, WQ + 2% stretch + 374F, 12 hrs
Fry = 7B ksi
e L
102 o7
0 Surface
3
)
<
103
I l
101 102 108

Fig. 3.5.1.9 Low-cycle fatigue behavior for extruded bar

(Ref. 3, Fig. 4)

8090-7851 |
Unspecified form or size
107
o o
102 T
o
£
S0t >
=
&
=2
B1p4
O
10%
101 102 103 104 10%

Reversals to Failere

Fig. 3.5.1.11 Low-cycle fatigue curve for 8090-T851

(Ref. 18, Fig. 6)

Code 3225

Page 40

Maximum Stress, ksl

T

Aerospace Structural Metals Handbook

August 1992 (revision)

8

=1

1] " T T
8090-T6. Forgings
See table 3.2.1.13 for heat treatment and
tensile properties of casing 1

!

O Data from annulus fitler

) Data from casing

60

S
co\
~C ©

N

/

40

20

104

105

Cycles to Failure

Fig. 3.5.1.10 Low-cycle fatigue strength for two 8090-Té
forgings (Ref. 34, Fig. 12)

Fig. 3.5.2.1 Fatigue crack propagation rates for 8090-T3

and 8090-T8 plate (Ref. 10, Fig. 2a)

8090, 0.43- 10 0.63-1n. ﬁlate '
T3.ST+3%stretch | |
T8-5T + 3% stretch + 374F, 16 hrs
104 i
. A
ASTM E 647
V4
}—— C{T) specimens + /
= B-025in. /
3 a>02in.
= T3 4
= g l— i)
Z 10 6 R=0.1 -
2 1=50Hz /[ -
= LT
g <
-4 Fa
F3 ‘I
3 8, /
& /|
= 108 1
o
S / /
,
{
!
|
2 5 10 20
ax, ksivin,
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102 8001, 0.43- 10 0.63-in. plate
T3 - ST + 3% stretch
T8 - ST + 3% stretch + 374F, 16 hrs
y ASTM E 847
10°% = C {T} specimens
P 8=025in. ,
) a>02in
£ R=0.1
g = 50 Hz
Eqgo— LT
-4
£
3
= T8
i -
< 7
2 /T3
[ /
/
-8
10 i
/
!
!
!
|
100 L
2 5 10 20

AK, ksi yfin.
Fig.3.5.2.2 Fatigue crack propagation rates for 5091-T3

and 8091-T3 plate (Ref. 10, Fig. 2b)

Crack Growih Rate, da/dN, in.fcycle |

Nonferrous Alloys

-AIWT

8

090 Al

10 - -
8091, Extruded plate |~ & | |
995F, 14 hrs, WQ + 3.5% streteh + age
¢ (T) spacs e Tested in air
Mse au == — — All 2ged conditions
R=01 t tested in vacuum
105 1=35H2 l
TL H
!
106 /I
/ |
/!
Overage
-8
10 ]
Underage
109
T6
I
1 2 3 4 5 6 10 10 20
AK, ksiyfin,

Fig. 35.2.3 Fatigue crack propagation rates for three
aged conditions of 8090 extrusions tested in air or in

vacuurn (Ref. 4-3, Fig, 7)

Table 3.5.2.4 Heat treatments used in producing the test material representing the fatigue crack propagation rates illustrated

in Figures 3.5.2.5 and 3.3.2.6 (Ref. 5-6, Tables 2 and 3)

Alloy: 8020 and 8091
Form 1.77-inch Plate
Treatment ST 1U12F,3\ggﬁ gfﬁﬁﬁgi Stretch « Re ST, W0 + 338F, 100 hoars Re ST, WQ +dﬂghsgrguul’s +338F,
Designation {S) (US) (DA)

Alloy 8090 8091 8090 3091 8090 8091
Fy (ksi) 69 67 59 59 52 59
Hardness (VHN}) 15¢ 164 14¢ 159 149 158

Gode 3225
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10€ \
8090, 1.77-in. plate|
1012F, WQ + 5, US or DA
See table 3.5.2.4 tor details
/j
i Wy
=
E R=07
= t =304z
= 7 e
S0 A
s oz 7
b=
(-4
z
o
&
-]
E %
(=]
1
CA
108
s . J
us
{
15 20 25 30 35 40 45
K, ksi fin.

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

8091, 1.77-in. plate’
{S) treatment
See Table 3.5.2.4 for details

108

f=30Hz R=0.1

ey
<
L

_.L
O\\l%l

Crack Growth Rate, da/dN, in.fcycle

108

1 2 3 4 H ] 7
AK, ksiin.

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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106 ; y
8091, 1.77-in, plate |
1012F, Wi + 8, US or DA
See Tabfe 3.5.2.4 for details

f

R=07 ;/ =
f =30 Hz ‘3/

107

Lozl

108

Us
1.0 15 20 25 30 35 40 45
2K, ksi fin.

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

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

’ . J
103 ] :
' C(T) specs
B=1.3in. |
R=01
f =33 Hz
106 ﬁ | /
/ LT
107 v,
&
L]
45° o,
.
108 4"
n&/
109 .
1 2 4 & 8 10 20
aK, ksi in.

Fig. 3.5.2.8 Fatigue crack 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
|
10°5 .
C (T) specs
B=13in.
§ =33 H:z
R=01
: .
106 ;
@ i [ )
E_ t
8
£
=
k-
-]
2
;g 107
= 'ﬁ. LT
Z A
o
k=i
s
= s
1078 A
109
1 2 4 6 8 10 20
K, ksifin,

Fig.3.5.29 Fatigue crack propagation rates for 8090
4-in. plate for several crack orientations at the plate
center (Ref. 5-3, Fig. 8)
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8090, 4.0+in, plate | ]
For heat treatment, see table 3.2.1.14
oS
R =01
f=33Hz
LT
o
Surface

108 T
=
g
£
=
]
g
107
=
=
4
I
-1
4
L=

108

108 -

1 2 4 6 8 10 20

AK, ksi yin.
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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- 105 T g
8090, 1.0-in. plate | | 8090, 4.0-in. x 1.0-in, extrusion
ST 985F, WQ + 2.5% stretch + 373 F, 16 hrs ST1013F. 3 hrs, W0 + 374F, 86 hrs
I Fty = 68 ksi
105 i
R=01
f=67Hz T
| L
L Specimenw=073 10 AL,
a i N
A
P
A 2 | N ]
= / 'y s For production of & /
310'5 ~ £ |—— short cracks, see
2 _2‘;@ ” - N 3 7 figure 35.2.15 1‘%
ius=0.12in. 5
§ /N “ g1 SN
E / ) A A‘ g W ]
= v o
E / \ | s & /
o ' =
] h o, “
=107 — "
S | Notchshot peened i 10
| _st0camen } ! /& L f
1.4 mm dia steel 14 <
— balls, 45-52 RHC T
4 IS
1
A Unpesned ‘l w
& Peened 109 4
108 = \TI Long cracks
a-01in I
|\ 05 1 2 4 8 16
1 2 5 10 20 50 8k, ks fin.
4K, ksivfin. Fig. 3.5.2.12 Fatigue crack propagation rates for short and

Fig.3.5.2.11 Effect of shot peening on crack growth rate long cracks in overaged 8090 extrusions (Ref. 5-8, Fig. 2¢)

of a notched 8090 plate (Ref. 22, Fig. 5)
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105

8090, 4.0-in, x 1.0-in. extrusion
ST 1913F, 3 hrs, WQ + 2.5% stretch + 374F
16 hrs, Fyy = 69 i

106
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For production of
l—— short cracks, see
35215

figure
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Crack Growlh Rate, dafdN, in./cycls
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/
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Fig. 3.5.2.13 Fatigue crack propagation rates for short and

2
AK, ksiin.

4

long cracks in peak-aged (T8) 8090 extrusions
(Ref. 5-8, Fig_ 2b)

16

Nonferrous Alloys AIWT
8090 Al

8090-T3, 0.43-10 0.63-in. plate. |
See figura 3.5.2.1 for details of testing fong cracks
and figure 3.5.2.15 for shert cracks

O Shor cracks /
105 /

¥y

g
a s
S3 o]

104

AN

—

Crack Grawth Rate, da/dN, In.fcycle

197
a
© g r_% o 1 Lattice
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Fig. 3.5.2.14 Fatigue crack propagation rates for long and
short cracks in 8096-T3 plate (Ref. 10, Fig. 5)
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Fig. 3.5.2.15 Scatter band for fatigue crack propagation
rates of short cracks for several aluminum alloys
(Ref. 10, Fig. 7)
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Fig. 3.5.2.16 Fatigue cack propagation rates in air and in
3.5% NaCl for 8090-T6 plate tested in different crack

orientations (Ref. 4-7, Fig. 4)
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Fig. 3.5.2.18 Effect of exposure at 210F on fatigue
crack growth rate of 8090-T8 plate (Ref. 20, Fig. 4)
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8090, 0.43- to 0.63-in. plate
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Fig.3.5.2.17 Fatigue crack growth rates for 8090-
T351 and -T8 plate. Data corrected for closure

(Ref. 10, Fig. 9)
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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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Fig.3.6.2.1 Young's modulus as a function of angle from
rolling direction for 8090-T3 sheet (Ref. 5-4, Fig. 2)
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Fig.4.1.1.1 Elongation as 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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8090-T3, 0.663-in. sheet
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Fig. 3.6.3.1 Shear modulus as a function of angle from
rolling direction for 8090-T3 sheet (Ref. 5-4, Fig. 3)
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Fig. 4.1.3.1 Influence of extrusion conditions on back-end
tensile yield strength of 4 x 1-in. flat bar (Ref. 419, Fig. 1)

Code 3225
Page 47




AIWT - nonferrous Alloys Aerospace Structural Metals Handbook August 1992 (revision)

8090 Al

Table 4.3.1.2 Tensile properties of as-GTA-welded and post-heat-treated sheet specimens (Ref. 4-2, Tables 3 and 4}

Alioy: 8090
Form 0.20-inch Sheet
Preweld Treatment 986F, 12 hours + 374F, 16 houts (T6 Temper); Fy, = 73 ksi, Fy = 63 ksi, € = 6 percent
TIG Welds - 110 amps AC at 15 V
Welding Conditions Speed 0.04 to 0.16-inch/second
Welds Transverse to Rolling Directions; Specimens Normal to Welds
Pastweld Treatmen? Nane 374F, 16 hours
Filler Al Al-5Si Al-5Mg Al-5Mg+{2r) 8090 Al-5Mg 8090
F, (ksi) 24 30 3 a7 45 a4 53
Fty {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 1G 1G
{a} TG = transgranular; IG = intergranular
{b} Si prates
Code 3225
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