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Table 1.4.1 Specified 6061 composition of the International Alloy Registration Record (Register
of International Alloy Designations and Chemical Limits for Wrought Aluminum and Wrought
Aluminum Alloys) administered by The Aluminum Association (AA), Washington, DC, USA
(Ref. 1)

Figure 1.4.2 Composition limits of Mg and Si of 6061 and other common 6000-series alloys heat
treated to peak strength in the T6 temper showing contours of 0.2% yield strength (Ref. 9)

Table 1.4.3 Composition of 7072 alloy used in cladding of 6061 sheet and plate as specified by
The Aluminum Association (Ref. 1)

Table 1.5.1.1 Standard tempers used for 6061 alloy products (Refs. 1-5)

Figure 1.5.3.1 Equilibrium solubility as a function of temperature of Mg>Si quasi-binary (a) and
Mg and Si in solid solution when both Mg>Si and Si are present (b) (Ref. 4)

Figure 1.5.3.2 Effect of quenching medium on strength of 6061-T6 sheet and plate (water
immersion quench = 100%, control of coolant flow minimizes loss in strength) (Ref. 4)

Figure 1.5.3.3 Quench sensitivity of 6061 alloy compared with other heat treatable aluminum
alloys: (a) yield strength after aging to designated temper; (b) tensile strength after aging to
designated temper (Ref. 4)

Figure 1.5.3.4 C-curves based on quench factor analysis showing time-temperature values to
achieve 95% of maximum tensile strength for 6061 (C), 7075 (A), 2017 (B), and 6063 (D) (Ref. 4)

Figure 1.5.3.5 C-curves for 6061 and 6063 showing time-temperature values and critical
quenching rates to achieve maximum tensile strength for 6061 (courtesy Alcan Aluminum
Corporation)

Figure 1.5.3.6 Room temperature tensile properties achieved by aging 6061 sheet at room
temperature, 32F, and OF (Ref. 4)



Figure 1.5.3.7 Room temperature tensile properties of 6061 sheet upon artificial aging at various
temperatures (Ref. 4)

Table 1.5.4.1 Formation of principal phases at given temperatures of 6061 ingot or billet upon
solidification (Ref ) NOT IN FILE

Figure 1.5.5.1. Localized RHT being applied by induction heating with a specially designed coil
in a 100 kW induction unit to an extruded 6061-T6 tube before hydroforming showing the
heating cycle (a) and quenching cycle (b) (Ref. 17)

Table 1.5.5.2 Change in DPH hardness of 0.10 inch thick extruded 6061-T6 plate as-quenched
from RHT heat treatment in a 2.5 kW induction unit as a function of time (Ref. 17)

Table 1.5.5.3 Change in hardness of 0.10 inch thick extruded 6061-T6 plate as-quenched from an
RHT process to minimum hardness and naturally aged (Ref. 17)

Table 1.5.5.4 Change in hardness of 0.10 inch thick extruded 6061-T6 plate as-quenched from an
RHT process to minimum hardness and artificially aged at 350F (175C) (Ref. 17)

Figure 1.5.7.1 Phases present in as-cast 6061 ingot in relation to the time-temperature
solidification curve - 500X, 0.5% HF etch (Ref. 21)

Figure 1.5.7.2 As-cast 6061 ingot microstructure - 500X, 0.5% HF etch (Ref. 21)

Figure 1.5.7.3 Alloy 6061 ingot homogenized at 1000F for 20 h - 500X, 0.5% HF etch (Ref. 21)
Figure 1.5.7.4 Solution treated and aged 6061-T6 sheet - 500X, 0.5% HF etch (Ref. 21)

Figure 1.5.7.5 Annealed 6061-O sheet- 500X, 0.5% HF etch (Ref. 21)

Figure 1.5.7.6 Solution treated and aged 6061-T4 sheet - 230X, HF+H,SO, etch (Ref. 10)
Figure 1.5.7.7 Solution treated and aged 6061-T6 sheet - 230X, HF+H,SO, etch (Ref. 10)

Figure 1.5.7.8 Melted round rosettes and eutectic melting at grain boundaries in 6061 sheet as a
result of overheating in solutionizing heat treatment - 1000X, 0.16% HF etch (Ref. 21)

Figure 1.6.1 Conversion of Webster Model B dial reading to Rockwell E hardness for 6061 and
other aluminum alloys in various tempers (Ref. 23)

Figure 1.6.2 Relationship between hardness number and tensile and yield strengths for 6061 and
other Al-Mg-5i alloys (Ref. 25)

Table 2.1.3.1 Typical values of thermal conductivity at 77F of 6061 for O, T4, and T6 tempers
(Refs. 1,4)

Table 2.2.2.1 Typical values of electrical conductivity and electrical resistivity of 6061 for O, T4,
and T6 tempers (Refs. 1,4)



Figure 2.2.2.2 Electrical conductivity as a function of room temperature aging of freshly
quenched 6061, 2024, and 7075 alloy sheet (Ref. 10)

Table 2.2.4.1 Effect of iron content and surface finishing on specular reflectivity of 6061 alloy
measured by a Hunter D-47 Dorigon gloss meter (Ref. 27)

Table 2.2.6.1 Dry friction and wear of a 6061-T6 alloy rod sliding against various ring materials
at pv = 4,667 lb-ft/in2-sec at four different temperatures (Ref. 31)

Figure 2.3.5.1 Reversed bending fatigue tests results on 6061-T6 and 5083-H31 sheet in air and
water (Ref. 10)

Figure 2.3.5.2 Axial fatigue strength at 10¢cycles of 6061-T6 sheet and other aluminum sheet
alloys (Ref. 34)

Table 2.4.1 Effect of neutron radiation on the tensile properties of 6061 alloy for an integrated
neutron flux of 1.26 x 102! n/cm? (8.12 x 102! n/in?) with fast neutrons of 1 x 102 n/cm? (6.45 x
1020 n/in?) and at a temperature of 150F (Refs. 39-40)

Table 3.1.1.1 Room temperature mechanical property limits of 6061 and Alclad 6061 sheet and
plate as specified by The Aluminum Association (Ref. 1)

Table 3.1.1.2 Room temperature mechanical property limits of 6061 tread plate as specified by
The Aluminum Association (Ref. 1)

Table 3.1.1.3 Room temperature mechanical property limits of rolled or cold finished 6061 wire,
rod, and bar as specified by The Aluminum Association (Ref. 1)

Table 3.1.1.4 Room temperature mechanical property limits of 6061 rivet and cold heading wire
as specified by The Aluminum Association (Ref. 1)

Table 3.1.1.5 Room temperature mechanical property limits of 6061 extruded wire, rod, bar,
tube and profiles as specified by The Aluminum Association (Ref. 1)

Table 3.1.1.6 Room temperature mechanical property limits of 6061 drawn tube as specified by
The Aluminum Association (Ref. 1)

Table 3.1.1.7 Room temperature mechanical property limits of 6061 heat exchanger tube as
specified by The Aluminum Association (Ref. 1)

Table 3.1.1.8 Room temperature mechanical property limits of 6061 extruded and drawn pipe as
specified by The Aluminum Association (Ref. 1)

Table 3.1.1.9 Room temperature mechanical property limits of 6061 structural profiles as
specified by The Aluminum Association (Ref. 1)

Table 3.1.1.10 Room temperature mechanical property limits of 6061 hand forgings (>246 square
inches) as specified by The Aluminum Association (Ref. 1)



Table 3.1.1.11 Room temperature mechanical property limits of 6061 die forgings as specified by
The Aluminum Association (Ref. 1)

Table 3.1.1.12 Room temperature mechanical property limits of 6061 rolled rings as specified by
The Aluminum Association (Ref. 1)

Table 3.1.1.13 Room temperature mechanical property limits of rolled or cold finished 6061
wire, rod, and bar as specified by The Aluminum Association (Ref. 1)

Table 3.1.1.14 Room temperature mechanical property limits of 6061 rivet and cold heading
wire as specified by The Aluminum Association (Ref. 1)

Table 3.1.2.1 Room temperature mechanical properties of EN AW-6061 (EN AW-AIMg1SiCu)
sheet, strip, and plate as per EN 485-2 standard (Refs. 2-3)

Table 3.1.2.2 Room temperature mechanical properties of EN AW-6061 (EN AW-AIMg1SiCu)
tread plate as per EN 1386 standard (Refs. 2-3)

Table 3.1.2.3 Room temperature mechanical properties of EN AW-6061 (EN AW-AIMg1SiCu)
cold drawn tube as per EN 754-2 standard (Refs. 2-3)

Table 3.1.2.4 Room temperature mechanical properties of EN AW-6061 (EN AW-AIMg1SiCu)
cold drawn rod/bar as per EN 754-2 standard (Refs. 2-3)

Table 3.1.2.5 Room temperature mechanical properties of EN AW-6061 (EN AW-AIMg1SiCu)
extruded round rod/bar as per EN 755-2 standard (Refs. 2-3)

Table 3.1.2.6 Room temperature mechanical properties of EN AW-6061 (EN AW-AIMg1SiCu)
extruded square, hexagonal and rectangular rod/bar as per EN 755-2 standard (Refs. 2-3)

Table 3.1.2.7 Room temperature mechanical properties of EN AW-6061 (EN AW-AIMg1SiCu)
extruded tube as per EN 755-2 standard (Refs. 2-3)

Table 3.1.2.8 Room temperature mechanical properties of EN AW-6061 (EN AW-AIMg1SiCu)
extruded profiles as per EN 755-2 standard (Refs. 2-3)

Table 3.1.2.9 Room temperature mechanical properties of EN AW-6061 (EN AW-AIMg1SiCu)
drawn wire as per EN 1301-2 standard (Refs. 2-3)

Table 3.1.2.10 Room temperature mechanical properties of EN AW-6061 (EN AW-AIMg1SiCu)
drawing stock as per EN 1715-3 standard (Refs. 2-3)

Figure 3.2.1.1 Typical engineering stress-strain curves for 6061 extrusions in O, T4, T451, T6, and
T651 tempers (Ref. 43)

Figure 3.2.1.2 True stress-strain curves determined at room temperature for 6061 in O, T4, and
T6 tempers compared with similar curves for 2xxx and 7xxx alloys and tempers indicated (Ref.
44)



Table 3.2.2.1 Allowable compressive stresses for buckling of 6061-T6 columns (Ref. 46)

Table 3.2.5.1 Typical shear strength and shear strength to tensile strength ratio of bare and
Alclad 6061 alloy (Ref. 4)

Table 3.2.7.1.1 Tensile tests of smooth and edge-notched 6061-T6 sheet specimens (Ref. 51)

Table 3.2.7.1.2 Tensile tests of smooth and notched 0.5 in. diameter 6061-T651 round specimens
cut from plate (Ref. 51)

Table 3.2.7.1.3 Tensile tests of smooth and notched 0.5 in. diameter round specimens cut from
welded portion of 6061-T6 plate (Ref. 51)

Figure 3.2.7.3.1 Tear test specimen and representation of load-deformation curves used to
determine tear strength and energy to initial and propagate a crack (Ref. 51)

Table 3.2.7.3.2 Results of tensile and tear tests of 0.063 in. thick bare and Alclad 6061 sheet in
longitudinal and transverse directions (Ref. 51)

Table 3.2.7.3.3 Results of tensile and tear tests of 6061-T651 plate in longitudinal and transverse
directions (Ref. 51)

Table 3.2.7.3.4 Results of tensile and tear tests of 6061 extrusions in longitudinal and transverse
directions (Ref. 51)

Table 3.3.1.1 Typical tensile properties of 6061-O at temperatures from -320 to 1000F for no-load
exposure up to 10,000 h and at room temperature after exposure (Ref. 52)

Table 3.3.1.2 Typical tensile properties of 6061-T4,-T451 at temperatures from -320 to 1000F for
no-load exposure up to 100,000 h and at room temperature after exposure (Ref. 52)

Table 3.3.1.3 Typical tensile properties of 6061-T6 sheet and rolled or drawn products at
temperatures from -320 to 1000F for no-load exposure up to 100,000 h and at room temperature
after exposure (Ref. 52)

Table 3.3.1.4 Typical tensile properties of 6061-T6, -T651, -T6511 at temperatures from -452 to
1000F for no-load exposure up to 100,000 h and at room temperature after exposure (Ref. 52)

Table 3.3.1.5 Typical tensile properties of 6061-T6 or ~T651 at temperatures from -320 to 700F for
no-load exposure up to 10,000 h (Ref. 4)

Table 3.3.1.6 Typical tensile properties of 6061-T8 at temperatures from 75 to 700F for no-load
exposure up to 10,000 h (Ref. 52)

Table 3.3.1.7 Ratios of tensile yield stress at temperature (YSr) and ultimate strength at
temperature (UTSr) to values at room temperature (YSrrand UTSgr) for 6061-T6 (Ref. 53)

Figure 3.3.2.1 Compressive true stress-strain curve for 6061-T6 at 200C (392F) and a strain rate
of 0.01 s (Ref. 54)



Figure 3.3.2.2 Compressive true stress-strain curve for 6061-T6 at 200C (392F) and a strain rate
of 0.1 s (Ref. 54)

Figure 3.3.2.3 Compressive true stress-strain curve for 6061-T6 at 200C (392F) and a strain rate
of 0.3 s (Ref. 54)

Figure 3.3.2.4 Compressive true stress-strain curve for 6061-T6 at 200C (392F) and a strain rate
of 1.0 s (Ref. 54)

Figure 3.3.2.5 Compressive true stress-strain curve for 6061-T6 at 200C (392F) and a strain rate
of 5.0 s (Ref. 54)

Figure 3.3.2.6 Compressive true stress-strain curve for 6061-T6 at 200C (392F) and a strain rate
of 20.0 s (Ref. 54)

Figure 3.3.2.7 Compressive true stress-strain curve for 6061-T6 at 500C (932F) and a strain rate
of 0.01 s (Ref. 54)

Figure 3.3.2.8 Compressive true stress-strain curve for 6061-T6 at 500C (932F) and a strain rate
of 0.1 s (Ref. 54)

Figure 3.3.2.9 Compressive true stress-strain curve for 6061-T6 at 500C (932F) and a strain rate
of 1.0 s (Ref. 54)

Figure 3.3.2.10 Compressive true stress-strain curve for 6061-T6 at 500C (932F) and a strain rate
of 5.0 s (Ref. 54)

Figure 3.3.2.11 Compressive true stress-strain curve for 6061-T6 at 500C (932F) and a strain rate
of 20.0 s (Ref. 54)

Figure 3.3.2.12 Effect of temperature on true stress at a true strain of 0.5 for 6061-T6 alloy and
strain rates of 0.001-20.0 s (Ref. 54)

Figure 3.3.2.13 Effect of strain rate on true stress at a true strain of 0.5 for 6061-T6 alloy and
temperatures of 200C (392F) to 500C (932F) (Ref. 54)

Table 3.4.1 Typical creep, creep rupture, and stress relaxation properties of 6061-O (Ref. 52)

Table 3.4.2 Typical creep and creep rupture properties of 6061-T6 sheet and rolled and drawn
products (Ref. 52)

Table 3.4.3 Typical creep, creep rupture, and stress relaxation of 6061-T6, -T651, -T6511
extrusions (Ref. 43)

Table 3.4.4 Characteristic creep rupture strength of 6061-T6 (Ref. 58-60)
Table 3.4.5 Characteristic creep rupture strength of 6061-T6, -T651 plate (Ref. 61)

Table 3.5.1.1 Fatigue endurance limit for 6061 alloy in different tempers (Ref. 45)



Table 3.5.1.2 Rotating beam fatigue strengths of 6061 smooth (K; =1) and V-notched (K: >12) R.
R. Moore specimens at different number of cycles (Ref. 52)

Table 3.5.1.3 Axial stress fatigue strengths of smooth specimens of 6061-T6 rolled rod and
shapes at different stress ratios and number of cycles (Ref. 52)

Table 3.5.1.4 Fatigue strengths of 6061-T6 and Alclad 6061-T6 flat sheet specimens under
completely reversed flexure (R = -1.0) (Ref. 52)

Table 3.5.1.5 Allowable stress range for fatigue of aluminum sections for specified stress
categories specified (Ref. 45)

Figure 3.5.1.6 Fatigue crack growth rate of aluminum alloys at room temperature and lab air
environment for R = 0 to 0.1 (Ref. 35)

Figure 3.5.1.7 Fatigue crack growth rate of 6061-T6 sheet in L-T orientation at room temperature
in a high humidity environment for R = 0.3 (Ref. 35)

Table 3.5.1.8 Fatigue crack growth parameters for 0.125 in. thick 6061-T6 sheet in L-T and T-L
orientations for R = 0.3 and an environment of >96% humidity (Ref. 35)

Figure 3.5.1.9 Effect of intermittent 5% NaCl spray on axial fatigue strengths at 10¢ cycles for
6061-T6 and other aluminum sheet alloys (Ref. 35)

Figure 3.5.1.10 Effect of salt water corrosion and edge notches on axial fatigue strength of 6061-
T4 sheet specimens tested at R = 0.1 (Ref. 35)

Figure 3.5.1.11 Effect of residual compressive stresses and residual tensile stresses of on fatigue
strength of 6061-T6 alloy (German Aluminium Hanbook 1, p. 182)

1 - residual compressive stresses of ~11.6 ksi (80 MPa)

2 - residual tensile stresses of ~11.6 ksi (80 MPa)

3 - no residual stresses

Figure 3.5.2.1 Low-medium cycle fatigue strength of 6061-T6 notched specimens under constant
amplitude loading for two load levels at room temperature (Ref. 35)

Figure 4.0.1 Comparative fabrication characteristics of 6061 alloy and related alloys in various
tempers. (Ref. 11)

Figure 4.1.2.1 Relative forgeability (increases as arbitrary unit increases) of 6061 compared with
various 2xxx and 7xxx alloys as a function of forging temperature (Ref. 68)

Figure 4.1.2.2 Forging load and pressure curves for upset forging of 6061 alloy at temperatures
indicated and a strain rate of 0.6 s Ref. 69)

Figure 4.1.3.1.1 Stretch forming (stretching) extruded shapes (Ref. 70)

Figure 4.1.3.1.2 Fulcrum bending extruded shapes (Ref. 70)



Figure 4.1.3.1.3 Compression forming extruded shapes (Ref. 70)
Figure 4.1.3.1.4 Draw bending extruded shapes (Ref. 70)

Figure 4.1.3.2.1 A variety of compression fit (CF) joints made by localized retrogression heat
treatment of the ends of 6061-T6 extrusions (Ref. 17)

Figure 4.1.3.2.2 6061-T6 extruded tubes bent to R/D = 1.07 on fully tooled rotary draw bending
equipment by localized application of RHT in bend zones:

lower tubes - all received RHT and were successfully bent

upper tube -- left side bent with RHT and right side cracked with no RHT (Ref. 17)

Figure 4.1.4.1 Forming limit diagrams for 6061-T4, 1100-H19, and Al-6Mg sheet (Ref. 4)

Table 4.3.1.1 Minimum mechanical properties for welded 6061-T6, -T651, -T6510, -T6511 alloy in
all product forms (Ref. 2005 AA Design Manual)

Figure 4.3.2.1 Schematic representation of the FSW process (courtesy of TWI, Inc.)

Figure 4.3.2.2 Schematic representation of the FSSW process (courtesy of TWI, Inc.)



