AIWT NONFERROUS ALLOYS REVISED: DECEMBER 1880

Al Alloy 3024
Thermal Conductivicy,
4.5 Cu Conditinn Bru f1/thr f12 F)
1.5 M 0 1:5.7
- Mg T3.T36. T351. T361. T4 70.0
0.6 Mn T6. T81. T851. T861 88.5
2024 TABLE 2.0131. THERMAL CONDUCTIVITY AT
ROOM TEMPERATURE FOR
VARIOUS HEAT-TREATED

CONDITIONS (16) (19)

Alloy 2024

Resistivity, Conductivity, | Conductivity,
Condition Microhm inch | Megohmsiin.3 | percent 1ACS
[i] 1.37 0.730 49.6
T3.T36. T351. T361, T4 229 0.437 29.7
T6. T81, T8S1. T861 1.77 0.565 38.4

TABLE 2.022. ELECTRICAL PROPERTIES (16){(1%)

Alloy 2024
Form 2.5-inch Thick Plate

Time to SC Loss in
Condition | Orientation | Stress, ksi | Fadure, davs{2) | Fy. percenta)
T851 L 0 - 15
T851 L 45 - 14
T851 ST 0 —_— 42
T851 T 46 — 35
T851 5T 27 _ 42
T3s L [ - 15
T35 L 45 _ 20
T351 T 1] _ 37
T351 T 46 25 —
T3s] T 27 67 —_

{a) Tensile specimens, 0.125-in. diam. x 2 in. long, exposed to alternate
im fon in 3.5 p 2queous sodium chloride solution. 10 minutes
in solution and 59 minutes in air each hour, at given stresses until
stress corrosion failure or for 84 days. Specimens that did not fail with-
in 84 days were then tensile tested to determine loss of strength.

TABLE 2.0311. EFFECTS OF HEAT-TREAT CONDITION, ORIENTA-
TION, AND STRESS ON TIME TO STRESS-CORROSION
FAILURE OR ON LOSS OF TENSILE STRENGTH DUE
TO ALTERNATE IMMERSION IN 3.5 PERCENT
SODIUM CHLORIDE SOLUTION {14)

Alloy 2024
Rolled Extruded Shapes

Condition | Orientation | Plate(a) | Rod & Barfa} | 0.25-1 inchid) | 1.25-2 inchid)
T3, T4 L 35 30 >30 >50
T3.74 T 20 —_ 37 18

3. T4 ST 7 10 — 7

T6. T8 L >50 >47 >60 >60

T6,. T8 T >50 — 50 50
T6.T8 ST 43 >43 —_— 16

(a) Numbers indicate highest sustained tensile stress (ksi) at which test specimens
did nor fail in 84-day rest duration in aquesus 3.5 percent sodium chloride
alternate-immersion test { 10 minutes in solution and 50 minutes in air).

TABLE 2.0312. RESISTANCE TO STRESS CORROSION OF VARIOUS
PRODUCT FORMS. HEAT TREAT-CONDITIONS, AND

CODE 3203 ORIENTATIONS (29}
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REVISED: DECEMBER 1980 NONFERROUS ALLOYS AIWT
Alloy 2024 T4 Al
Form 0.063-inch Thick Sheet

Exposure. | Percent Failed | Average Loss of Fry. percent 4.5 Cu
Environment davs in SC Unstressed(a) Stressed{al 15 M
3.5% NaCib) 84 0 3 30 : g
Seacoast 365 ¢ 16 20 0.6 Mn
Industrial 368 0 6 9
2024
(2) Half of the specimens unstressed and other half stressed at 75 percent
of Fty.
{b) Aherﬁate immersion: 10 minutes in aquegus NaCl solution and Alloy 2024-T852
50 minutes in air. Form 3 x 18 x 35-inch Forged Block
x[c. K Y
TABLE 2.0313. SUMMARY OF THE EFFECTS OF EXPOSURES TQO Orientation | Environment | ksivin. ksESchn Klscc/K
VARIOUS ENVIRONMENTS ON STRESS-CORROSION LT(a) FTSRW(d) 28.0 225 0.80
BEHAVIOR AND LOSS OF TENSILE STRENGTH OF Lstb) FTSRwid} — 0.0 —_
NUMEROUS SHEET SPECIMENS (BOTH LONGITUDINAL TLic) FTSRw(d} 270 20.5 0.76
AND TRANVERSE) (28) LT(2} SCSie) 37.0 28.0 0.76
1a) Longitudinal loading — transverse fracture direction.
{b) Longiwdinal loading - short-ransverse fracture direcrion.
(¢) Transverse loading — longitudinal fracture direction.
(d) Arstificial fuel tank sump residue water (B-1 bomber),
(e} Metal cleaning solvent.
TABLE 2.0314. COMPARISON OF K|c AND K{gce OF
FORGINGS (25)
Alloy 2024
Hongation.
Condition Fry. ks Fru-ksi | e. (2 inch or 4D).
Form Thickness, jnches (Min) (Min) percent. {Min)
0 Sheet & Plate 0.010-0.499 14.0 (Max) | 32.0 (Max) 12
0.500-1.750 - 32.0 (Max) 12
T3 Flat Sheet 0.008-0.009 42.0 63.0 10
0.010-0.020 420 63.0 12
0.021-0.128 42.0 63.0 15
0.129-0.249 42,0 64.0 15
T361 Flat Sheer 0.020-0.062 50.0 67.0 8
& Plate 0.063-0.249 51.0 68.0 9
0.250-0.49% 49.0 66.0 9
0.500 49.0 66.0 10
T4 Coiled Sheet ©¢.010-0.020 40.0 62.0 12
0.021-0.249 40.0 62.0 15
T351 Plate 0.250-0.499 420 64.0 12
0.500-1.000 42,0 63.0 8
1.001-1.500 42.0 62.0 7
1.501-2.000 42.0 62.0 [
2.001-3.000 42.0 60.0 4
3.001-4.000 41.0 57.0 4
T42 Sheet & Plate 0.010-0,020 380 62.0 12
0.021-0.249 38.0 62.0 15 |
0.250-0.499 380 62.0 12
0.500-1.000 380 61.0 8
1.001-1.500 38.0 60.0 7
1.501-2.000 380 60.0 6
2.001-3.000 380 58.0 4
T62 Sheer & Plate 0.010-0.499 50.0 64.0 5
0.500-3.000 50.0 63.0 5
T72 Sheet 0.010-0.249 46.0 60.0 5
T81 Flat Sheet 0.010-0.249 58.0 67.0 5
T851 Plate 0.250-0.499 58.0 67.0 5
0.500-1.000 58.0 66.0 5
1.001-1.499 57.0 66.0 3
T861 Flat Sheet 0.020-0.062 62.0 70.0 3
& Plate 0.063-0,249 66.0 71.0 4
0.250-0.499 64.0 70.6 4
0.500 64.0 70.0 4
TABLE 3.011, ALUMINUM ASSOCIATION MECHANICAL-PROPERTY LIMITS FOR
SHEET AND PLATE (16} CODE 3203
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AIWT NONFERROUS ALLOYS REVISED: DECEMBER 1980

Al Alloy 2024
Form Drawn Table
4.5 Cu Wall Frv. ksi Fru. ksi e. (2 inch or 4D). (Min)
1.5 Mg Condition | Thickness. ineh {Min} (Min) Full Section | Cut-out Spec
' 0 0.018-0.500 15.0 (Max) | 32.0 (Max) - —
0.6 Mn T3 0.018-0.024 420 64.0 to -
0.025-0.049 42.0 64.0 12 1¢
2024 0.050-0.259 42,0 64.0 14 10
0.260-0.500 420 64.0 16 12
T42 0.0130.024 40.0 64.0 10 —_
0.025-0.049 40.0 630 12 10
0.050-0.259 40.0 4.0 14 10
0.260-0.500 40.0 §4.0 16 12
TABLE 3.012. ALUMINUM ASSOCIATION MECHANICAL-PROPERTY LIMITS FOR
DRAWN TUBE (16)
Alloy 2024
Form Drawn Tabie
] Elongation.
Condition wall Fty. ksi Fru.ksi | e.(2 inch or 4D),
Thickness. inches | Arez.in | (Min) {Min) percent. (Min)
0 All All 19.0 (Max) | 35.0 (Max) 12
T3, 13510, Up Thru 0.249 All 42.0 570 10
& T3511 0.250-0.749 All 44.0 60.0 10
0.750-1.4%9 All 46.0 65.0 10
1.500 and Over | Up Thru 25 48.0 70.0 10
1.500 and Over 25.32 46.0 68.0 8
T42 Up Thru 0.749 All 380 57.0 12
0.750-1.499 All 38.0 57.0 10
1.500 and Over | Up Thru 25 380 57.0 10
1.500 and Over 25.32 38.0 57.0 8
T81, T8510 0.050-0.249 Al 56.0 64.0 4
& T8511 0.250-1.499 All 58.0 66.0 5
}.500 and Over | Up Thru 32 58.0 66.0 5
TABLE 3.013. ALUMINUM-ASSOCGIATION-MECHANICAL-PROPERTY-LIMITS FOR-
EXTRUDED TUBE (16}
Alloy __2024 .
Form Extruded Wire. Rod, Bar, and Shapes
Elongation,
Condition Diameter or Fry. ksi Fru. ksi e, (2 inch or 4D),
Thickness. inches | Area, in.2 (Min) (Min} percent. {Min)
[} All All 19.0 (Max) | 35.0 (Max) 12
T3, 73510, | UpThru0.249 All 42.0 57.0 12
& T3511 0.250-0.749 All 44.0 60.0 12
0.750-1.499 All 6.0 65.0 10
1.500 and Over | Up Thru 25 52.0 70.0 10
1.500 and Over 25-32 48.0 68.0 8
T42 Up Thru 0.749 All 380 570 12
0.750-1.499 All 38.0 57.0 10
1.500 and Over | Up Thru 2§ 3s.0 57.0 10
1.500 and Over 25-32 38.0 57.0 8
T81. T8510. 0.050-0.249 All 56.0 64.0 4
& T8s11 0.250-1.499 All 58.0 66.0 5
1.500 and Over | Up Thru 32 58.0 66.0 5

TABLE 3.014. ALUMINUM ASSOCIATION MECHANICAL-PROPERTY LIMITS FOR
EXTRUDED WIRE, ROD, BAR. AND SHAPES (16)

CODE 3203
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AIWT

Al
4.5 Cu
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0.6 Mn

2024

2024-T4

REVISED: DECEMBER 1980 NONFERROUS ALLOYS
Alloy 2024
Form Rolled Wire. Rod. and Bar
Elongation,
Condition Diameter or Fy. ksi Fru. ksi e. 12 inch or 4D),
Thickness. inches {Min) (Min) percent. (Min)

0 Up Thru 8.000 — 35.0 (Max) 16
T36 Up Thre 0.375 52.0 69.0 10
T4 Up Thru 0.499 45.0 62.0 10

0.500-4.500 42.0 62,0 10

4.503-6.500 40.0 620 10

6.501-8.000 380 58.0 10
T42 Up Thru 6.500 40.0 62.0 10
T351 0.500-6.500 45.0 62.0 10
T6 Up Thru 6.500 50.0 62.0 5
T62 Up Thru 6.500 46.0 60.0 5 Alloy
T85! 0.500-6_500 58.0 66.0 s Form

TABLE 3.015. ALUMINUM ASSOCLATION MECHANICAL-PROPERTY
LIMITS FOR ROLLED WIRE, ROD. AND BAR (16)

Cold-Heading Wire and Rod,
0.063-1.000 inch Diameter

Fry, ksi (Min)
Feu. ksi (Min)
Elongation. e. (2 inch or 4D),

percent (Min)
Fsu. ksi

40.0
62.0
10

370

Alloy 2024
Fry.| Fru Eloangation, e. (2 inch). percent
Condition ksi | ksi | 1/16 inch thick 1/2 inch diameter
1] 1] 27 20 22
T3 50| 70 18 -
T4, T351 47 | 68 20 19
T361.T36 | 57 | 72 13 -
T6 57 | 69 10 -
T81.T851 | 65 | 70 6 -
T36 n 75 6 J -

TABLE 3.0214. TYPICAL TENSILE PROPERTIES FOR
VARIOUS HEAT-TREATED
CONDITIONS (16) (26)

TABLE 3.016. ALUMINUM ASSOCIATION MECHANICAL-

PROPERTY LIMITS FOR COLD-HEADING

WIRE AND ROD (16)

Alloy 2024
Form 2.5- inch Thick Plate
Orientation Longitudinal Transverse Short Transverse
Elongation, Elongation. Elongarion,
Fty. Fm. e, (4D). Fry. Fm &, (4D}, F[y. Fm. e (4D,
Condition ksi | ksi percent ksi | ksi percent ksi | ksi percent

T351 539 70.7 12.0
T851. 60,0} 67.2 8.0

47.4|68.2 i7.4
633|695 7.2

43.0{57.2 3.5
620(645] 10

TABLE 3.0215. TENSILE PROPERTIES OF PLATE IN DIFFERENT ORIENTATIONS
AND HEAT-TREAT CONDITIONS (14)

Alloy 2024-T852

Form Hand Forgings

Orientation Laongitudinal Transverse Short Transverse

Forging Elongation, Elongation, Elongation.

Section, Fty. Fru. | e. (2 inch), Fry. Fry, | e.{2inch). | Fry.|Feg.}e. (2inch),

inches ksi | ksi percent | ksi | ksi percent ksi | ksi | percent
2x8 67.2(72.4 5.0 71.2176.4 70 - - -
4x8 61.7)67.8 7.5 64.2170.8 5.5 - - -
5x%5 63.9170.2 990 61.1]66.5 35 5811670 33
§x20 56.9|65.5 8.0 569|633 30 55.31619 3.0
6x12 58.5|66.5 90 59.9)66.8 2.0 5451642 25

TABLE 3.0216. TENSILE PROPERTIES OF HAND FORGINGS IN DIFFERENT
SIZES AND QRIENTATIONS (9)

CODE 3203

Page 11




AIWT NONFERROUS ALLOYS REVISED: DECEMBER 1980

Al Alloy 2024-T852 : Alloy 2024
Form Hand Forgings Condition Shear Strength. T gn. Ksi
4.5 Cu Property Compressive Yield Strength, Foy, ksi [ 18 o
15 M a Ferging Section. inches | Longitudinal | Transverse | Stiort Transverse T3.T4.T351.T6 4
° 2x8 701 6d.1 - T36. T361 42
0.6 Mn 4x8 62.5 60.6 - T81, T851 43
£x§ 64.8 62.2 67.7 T86 45
2024 5x20 $6.0 60.6 607
6x12 59.1 63.2 63.3
TABLE 3.0251. TYPICAL SHEAR
TABLE 3.0222. COMPRESSIVE YIELD STRENGTH OF HAND STRENGTH FOR
FORGINGS IN DIFFERENT SIZES AND VARIOUS HEAT-TREATED
ORIENTATIONS (9) CONDITIONS (18) (26)
Alloy : 2024-T852
Form Hand Forgings
Property Shear Strength, Fey. ksi
Forging Sectian. inches | Longitudinal ] Transverse | Shorl Iransverse
2x8 427 418 -
4x8 405 395 38.6
5x5 40.8 40.7 39.6
$x20 358 380 370
&6x12 396 38.4 374

TABLE 3.0252, SHEAR STRENGTH OF HAND FORGINGS IN
VARIOUS SIZES AND ORIENTATIONS (%)

Alloy 2024-T852
orm Hand Forgings
Property Bearing Yield Strength, | Bearing Ultimate Strength.
Fbry. ksi Fbru. ksi
Forging 3pecunen
Section. inches | Orientation | e/d=1.5 _e/d=2.0 | e/d=1.5 e/ded )
2x8 L 95.5 116.3 97.7 1331
T 89.5 -114.2 945 1259
4x8 L 82.8 1005 91.9 1179
T 828 101.0 888 119.4
5x5 L 899 105.1 938 1252
T 844 101.1 89.1 121.6
5x20 L 79.3 94.4 836 1126
- T 82.5 98.0 84.9 114.6
6x12 L 824 100.5 847 117.1
6x12 T 8.4 95.7 857 113.4

TABLE 3.0261. BEARING PROPERTIES OF HAND FORGINGS IN VARIOUS
SIZES AND ORIENTATIONS ()

Alloy 2024-T851
Form Plate
[ Platc Notch Tensile
Thickness. | Notched Specimen | Specimen Strength.- | Fpy. | Fyy. b
inches Diameter. inches | Orientation INTS), ksi ksi ksi
1-3/8 1/2 T 71.3 71.2 | 64.8
1-3/8 1-1/16 T 51.0 71.2 | 64.8
6.0 1/2 ST 40.5 67.7 | 59.9
6.0 1-1/16. ST 29.0 67.7 | 599

TABLE 3.02712. EFFECTS OF SPECDMEN SIZE AND ORJENTATION ON
SHARP-NOTCH TENSILE STRENGTH (34)

CODE 3203
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REVISED:

DECEMBER 1880 NONFERROQUS ALLOYS AIWT
Alloy 2024-T851 Alloy 2024 Al
Form Plate Form 2.5-inch Thick Plate
Plate Orieniation Longimudinal (L-T) | Short Transverse {5-L) 45 Cuy
Thickness, Specimen KIc. Condition Kic. ksivin. Kle. ksivin.
inches Orientation Ksi/ in. T351 - 296 21.0 1.5 Mg
£.00 LT 20.9 T851 25.3 16,7
T-L 18.7 0.6 Mn
1.37 LT 228 TABLE 3.02723. FRACTURE TOUGHNESS OF PLATE 2024
T-L 19.6 IN VARIOUS LOADING ORIENTATIONS
AND HEAT-TREATED CONDITIONS (14)
TABLE 3.02721. FRACTURE
TOUGHNESS FOR
VARIOUS PLATE
THICKNESSES AND
ORIENTATIONS (35)
Alloy 2023-T852
Form Hand Forgings
Property KJe. ksivin.
Forging Section.
inches Longitudinal | Transverse ! Short Transverse
2x8 242 215 -
3x12 23.0 17.7 -
é4x16 273 - 156
§x20 271 17.6 15.9
6 x 24 29.9 16.6 16.2
TABLE 3.02724, FRACTURE TOUGHNESS OF HAND
FORGINGS IN VARIOUS SIZES AND
ORIENTATIONS (9)
Alloy 2024
Faugue Limnu for
Condition 5 x 108 cvcies. ksifa)
0 13
T36.T6,T81.T851. T86 18
T3.T4.T351 20
{a) Rotating beam. R=-1. smooth specimens.
TABLE 3.052. TYPICAL FATIGUE LIMITS FOR
VARIOUS HEAT-TREATED
CONDITIONS (16) (26)
Allov 2024
Form Sheet and Plate
3 Condition 0 7 T3 [ T361 | T4 [ T81 | T861
Aoy o Iee Thickness inch | _Bend Radfi Expressed in Terms of Thickness, 1
rRings
Property Modulus of Elasticity, 103 ksl 1/64 0 b 2Sef 3 L5t a5tf 5t
Qrientation Tension Compression 1132 0 3t a = 551 6t
Longitadinal 10.39 10.75 e 01 4| 5t ar 1 6t Tt
Transverse 10.50 10.79 1/8 0.5t 5t 61 5t 7.51 B.:_ot
Short Transverse | 10.45 10.75 3/16 A L Stop 8t ) 9.5
1/4 1t 6t 8t 6t 9t 101
TABLE 3.0622. STATIC MODULUS OF 3/8 L5t} 78St g Tr | 10t | 1L5e
ELAST[C[TY OF HAND 1/2 4t 7.5t 9.5t 7.5t 10.51 1i.5t
FORGINGS IN TENSION
AND COMPRESSION AT TABLE 4.011. APPROXIMATE MINIMUM BEND RADII FOR 90
ROOM TEMPERATURE (9) DEGREE COLD BEND FOR VARIOUS
THICKNESSES AND HEAT-TREATED
CONDITIONS (33)
CODE 3203
Page 13




AIWT NONFERRQUS ALLOYS REVISED: DECEMBER 1980
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FIGURE 2.0151. EFFECT OF TEMPERATURE ON FIGURE 2.0161. EFFECT OF TEMPERATURE ON
SPECIFIC HEAT (21) THERMAL DIFFUSIVITY (21)
CODE 3203

‘Page 14




REVISED: DECEMBER 1980

0.102 2024-T4
Q101
Q100
QOS9
008
] I ! ! 1
0093660 200 400 600 800
Temperature, F
FIGURE 2.0211. EFFECT OF TEMPERATURE
ON DENSITY {21)
80 2024-T4 Bar
- ?olf o 3 —e
; tu
g 60—
&
5098 -- :
Fry
£ =
g = 40
35 &
£s5 16
w
14—
. e (2 inch} A
g 2t A
EE |o‘
-3
27 8
3 RA
= 6 | )
4 B8 12 18 20 24 26 28

Exposure Time, hours
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WATER) ON TENSILE PROPERTIES AT
ROOM TEMPERATURE (2}

NONFERRQOUS ALLOYS
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FIGURE 2.0315. EFFECTS OF PRIOR EXPQSURES AT 250 F
ON STRESS-CORROSION CRACK-GROWTH
RATE AT VARIOUS INITIAL LEVELSOF
STRESS INTENSITY {K,} IN DOUBLE
CANTILEVER BEAM SPECIMENS LOADED
IN THE SHOAT TRANSVERSE (ST) DIREC-
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FIGURE 3.0211. COMPLETE TENSILE STRESS STRAIN
CURVES FOR VARIQUS FORMS
AND CONDITIONS (12}
CODE 3203
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AIWT NONFERROUS ALLOYS REVISED: DECEMBER 1980
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REVISED: DECEMBER 1980 NONFERROUS ALLOYS AIWT
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AIWT NONFERROUS ALLOYS REVISED: DECEMBER 1980
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AS A FUNCTION OF STRESS-INTENSITY-
FACTOR RANGE IN EXPLOSIVELY
BONDED PLATE COMPARED WITH
UNIFORM PLATE IN THE ANNEALED
CONDITION (7)
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GENERAL

In order to improve the corrosion resistance of 2024
sheet, sorip and plate it i clad with high purity (99, 3%+
aluminum (1230). This imparts to Clad 2024 a corrosion
resistance equal to that of pure aluminum, unless it is
overheated. The cladding reduces the strength of 2024 by
about 5 percent, In most respects Clad 2024 behaves in the
same manner ag bare 2024, sheet, strip and plate,

Commercial Designadon,  (lad 2024,

Alternate Designations. Alclad 2024. Clad 24 5 (vbsolete).

Specifications, Table I, 03,

_TABLE 1.03

AMS

Form Military

4034
4036

4040 E
4041 F
4042 E

Fiate, (1351 Copd)

Clad one side sheet (T3 Cond) plate (T4
Cond)

Sheet, plate (0 Cond)

$heet, (T3 Cond) plate, (T4 Cond}

Sheet, plate, (T:36 Cond)

Sheet, plate (T6, T81, TB6 Cond) MIL-A-8705

L4

Compesition. Table 1. 04.

IABLE 1.C4

Saurce

AMS (1)
Cladding{®)
Percent
Max

Copper 3
Magnegium 1.
Manganese o]
Iron =
Slllcon - G.
Zinc - Q.
[Chromium - [+]
Other [mpurities

Aluminum — Balance

0.19

0.05

- }0.7
0.10

0.05 -
Q.15

each -

0.05
total - Q.18

99.3

* The nominal cladding thickness is berweesn 5 and 1.5 per-

Los

L 06

L07
L0711

Loz

cent of the total thickness on each stde, depending an the
total thickness of the product

Heat Treamment. Clad 2024 i5 heat treated under the same
conditions as 2024, but the shortest heat weatment time
consismnt with securing the reguired properties should be
‘used. Prolonged heating ox Tepeated reheat treannents
which cause diffusion of alloying elements into the coating
and impair the resismance (o corrosion should be avoided,
See 4,043,

Hardenability. See 2024,

Forms and Condirions Available

Alloy is available in the full commercial range of sizes
for sheet and ptate.

Condidons available, Table 1. 072,

TABLE 1,072

Source

(3, p.32-34)

Form

Condition

Sheet
Plawe

0, T3, T36, T4, T42, Té, T8I, T851, T8
0, T36, T351, T4, T42, Te, T8l, T851, T86

L8

L9

Melting and Casdng Practice. Clad sheet is produced
today exclusively by rolling a sandwich, rather than by
casting, i

Special Considerarions. See 2024 also, Prolonged heating
or repeazed rehear twreatments of clad material will cavse

diffusion of alloying elements into the cladding and impair
its resistance w corrosion.

NONFERROUS ALLOYS
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2, PHYSICAL AND CHEMICAL PROPERTIES A'
2.01 Thermal Properdes. See 2024 also. 4 5 Cu
2,00 Thermal conductivity, T3 and T4 Conditions, 70,2 Btu ft '
per (hx sq # F). T6 Condition, 84.7 Bw ft per (hr sq it F). 15 Mg
2,012 Thermal expansion from RT to 212 F, 12. 61100 in per in
per.F. 0.6 Mn
2,013 Specific heat, 0,23 Bt per (b F).
2,03 Chemical Propertes CLAC 2024
2,03 Corrosion resistance
2,031 The general corrosion resistance of clad material is con-
siderably superior to that of kare metal as the cladding
possesges an inherent corrosion resistance comparable
to that of pure aluminum. Since the cladding is mere
anodic than the core material, the ¢ore is protected even
when it is exposed.
2,032  The corrosion Tesismnce is tmpaired by copper diffusion
into the cladding during heatng and heat treating for times
exceeding the required minimum time or repeated heat
treating.
2,032 Oxidador resistance, See 2024,
3, MECHANICAL PROPERTIES. See 2024 also and deduct
3 to 10 percent from strength values, depending on thick-
ness of cladding,
3.0 Specified Mechanical Properties
3.011 Aluminum Association specified mechanical properties for
clad sheet and plate in O Condition, Table 3.011.
TABLE 3,011
Source (2. p.32)
[ alloy A1-{. 5Cu-1. SMg-0: 6Mn
Form Shee:, Plare
Condition a*
0.C08 to 0,010 to|0.033 to]0. 063 to{ 050020
Thickoess - in 0.009 0,032 |0.062 [0.499 [1.750
Fry, max - ksl 30 30 30 32 32
Fop Mmax - ks 14 14 14 14 -
e(?l.n), min-percent 7 [ 10 12 8
* For all standgrd widths and clad thickness.
3.012 Aluminum Asseciation specified mechanical properties for
clad sheet in T3 Condition and clad sheet and plate in T36
Condition, Table 3,012,
3.013 Aluminum Association specified mechanical properties for
cled coiled sheet in T4 Condition, clad plate ic T4 and T357
Condition and clad sheet and plate in T42 and Té Conditian,
Table 3.013.
3.014 Aluminum Asscciation specified mechanical properties for
clad sheer and plate in T§1 and T851 Condition and T85
Condition up 1o width of 48 inches, Tabie 3.014.
3.015 Aluminum Association specified mechanical properties for
clad sheet and plate in T'86 Condition over 48 inches width,
Table 3.015.
k] Mechanical Properties at Room Temperature. See 3.03
also,
3o Stress strain curves in rénsion and compression for sheet
in T3 and T36 Coadirions, Fig, 3,02L
3,022 Effect of stretching on rensile and compressive yield
strengths of sheet in the T4 Condition, Fig. 3.022,
3.03 Mechanical Properties at Various Temperatures
3.03] Short time tensior properties
3.031 Stress strain curves for sheet in T3 Condition at room and
elevated temperawres, Fig. 3. 031.
3, 0312 Stress strain curves for sheet in T8l and T86 Conditions
at room and elevated temperaqures, Fig, 3,0312,
3.0313  Effect of exposure and test temperature on tensile proper-
des of sheet in T3 Condidon, Fig. 3.0313.
3.0314  Effect of exposure and test temperatre on tensile proper-
ties of sheet in T81 Condition, Fig. 3,0314,
3.03t5 Eftcer of exposure amd test temperature on tensile proper-
des of sheet in T86 Condidon, Fig. 3. 0315,
copE 3204
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TABLE 3,012
Al Source (2, p.32, 33)
All Al-4.5Cu-1.5Mg-0, 6Mn
45 Cu Form Flat sheet Flat sheet and plate®
Condition T3 T36
.5 Mg Width - in ATl < 48 > 48 <60 > 60
06 Mn Clad thickness - % s 5 S Tayz[ii/2] 5 21210 072) 5 T2 1/2] % 1/3] 1 a8} 2 j2] 1 172
. Thickness - in 0,008 [ 0.010 002t |0.053 | 0.186] 0.020| 0.043] 0.188] ©0.020) 0.053] 0.188| 0.250 0.063 | 0.188] 0. 250
w to to to to 10 to to 0o T L] w0 [{-] 10 to
CLAC 2024 0.009 |0.020 0052 |0. 249 [ 0.249] 0.062| 0.499] 0495 0.052] 0499} 0.249] 0.459] 0. 499 0.249] 0. 499
Fry min “ksi 58 59 39 62 63 62 0.3 67 ¢l 65 60 66 64 65 65
Fiy, min ~ksi 39 39 39 40 41 48 50 51 47 49 50 49 48 49 48
e io} min - percent 10 |1z |15 15 | 15 & | 9 9 3 9 9 9 9 9 9

* For plfxte 0.500 in or over in thickness the clad has been removed to prepare specimens and therefore the properties are for core
materizl only. The actua! composite properties wauld re slightly lower, For values see 2024,

TAELE 3.013
Source (2, p.33. 34
Alloy Al-4.5Cu~1. SMg-0. 6Mn
Form Coiled sheet Plate* Sheet and ptate* Sheet and plate
Condition T4 T4, T351 T42 T6
| Width - in All All All Al
Clad thickness-% 5 3 21/212172 11 1/2 5 3 5 21720 ¥ y/2|21/211 1/% 5 217211 1/2
Thickness - in 0.010 [ 0.02)| 0.068) 0.250 ) 0.250 | 0.008 ) 0.010 | 0.021 | 0.053] 0.188) 0.250] 0.250 { 0.010 [0.063 | 0.188
to w to to to 1 to w0 w 10 to e o to to
0.020 | 0.062] 0.128] 0.499 | 0.499 | 0.009 | 0.020 } 0.062 | 0.249] 0.249 | 0.499 | 0.49% [ 0.062 | 0.499 | 0.499
Frpe min kst | 58 58 61 62 63 55 S5 54 59 60 62 63 &0 &2 62
Fry» min -ksi | 37 37 38 40 40 34 34 34 36 37 38 38 47 49 49
e(? in) min-percent| 12 15 15 12 12 10 12 15 15 15 12 12 S 5 5
* See foowncre for Table 3.012,
TABLE 3,014
ce (2. p.34)
LAlLy Al-4.5Cu-1. 5Mg-0. 6Mn
EForm Flat sheet and plate®
| Condirion T81 ard T85) T8
 Width - in Al <30 > 30 < 48
LCtad thickpess - % 5 2172 11 1/2 5 21/2 1 i/2 12172 ) 172 5 2 /2 1172 2 1/2 1172}
Thickness - in 0. 010t0]0. 063 to] 0. 188 to] 0.020 tof 0. 063 t0f0. 188 1o 0. 250 to [0. 250 to|0. 020 to| 0. 063 td 0. 188 10| 0. 250 to|0. 250 10|
0,062 | 0.499 | 0.499 | 0.062 | 0.249 | 0.249 0.499 | 0.499 | 0.062 0.249 0.249] 0.499 0. 499
Fyye min -ksi 62 65 66 66 kli] 71 70 71 [ U ki) L1 70
F.+ min -ksi 54 56 57 62 &6 67 65 66 62 65 66 64 63
e(?ln) min-percent 5 S 5 3 4 4 4 4 3 4 4 4 4
* See footnote for Tahle 3.012.
TABLE 3.015
Source (2. p.34)
Allgy Al-4.5Cy-), 5Mz -0, 6Mn
Fm? Flat shesr and plate®
Condition Ta6 m
Width - ig > 48 =60 >
[Clad thicknegs % S 212 1172 2172 1172 2142 11/2 21/2 FYZ
Thickness - in 0.020 to 0.063 10 0.188 to 0.250 to 0.250 to 0.063 te 0.188 16 0.250 w0 0.250 to
0,062 0.249 0.249 0.499 0. 499 0. 249 0, 249 0. 499 G. 499
g MR -ksi 64 69 70 68 &9 69 70 68 69
Fiy, min ~ksi 58 65 66 63 64 64 65 62 63
e(2 in) min-percent 3 4 4 4 4 4 4 4 4
* See footnote for Table 3.012.
3.032  Short time propertes other than teasion 3,04 Creep and Creep Rupture Properties. See 2024,
3.032]1  Srress strain cuxves in compression for sheet in T3 Con- 3,041 Short tirne roral strain curves for sheet in T8l Condition
didon at room and elevated temperamres, Fig, 3, 032L at 300 to 600 F, Fig. 3. 041
3,.0322 Stress strain curves in compression for sheet in T81 and 3,042 Shoxt firne romal strain curves for sheet in T86 Conditdon
T86 Conditions at room and elevated temperamres, Fig. at 300 to 600 F, Fig, 3,042,
3, 0322,
3.0323 Effect of exp e and st temp € 0N compressive 3.05 Fatlgue Properdes, See 2024 also,
yield strength of sheet in T3, T8l and T86 Coaditdons, Fig, 3.08 Fadgue strength of alloy in various Conditons, Takle
3,0323. 3.08L
3.0324  Effect of exposure and test temperanre on shear strength X
of sheet in T3, T8! and T86 Conditions, Fig. 3. 0324, 3.06 Elastic Properdes. See 2024 also.
3.0325  Effect of exposure and test temperature on bearing proper- 3.061  Clad sluminum alloys have two separate modulus vaiues.
des of sheet in T3 Condition, Fig. 3.0325. The initial, or primary, modulus is substantially the same
3.0326  Effect of exposure and test temperature on bearing proper= as dm of the core material, It applies up to seresses near
ties of sheet in T81 and T86 Conditions, Fig, 3.0326. the yicld strength of the cladding. Above this polat the
3.033 Starc stress concentration effects material exhibits a secondary modulus up w the elaste

limit of the core material. The secondary modulus is from
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TABLE 3,051 4,044 Spray quenching can be substtuted for water mm
Source (3, p. 142) provided that the test for intergranular corrosion is passed Al
Form Sheer 4, 045 Resoalution treating of clad aluminum alloys is limited to 5 c
the following number of times: Thicknesses to 0,125 In 4, u
Condition | TempiMethod | Stress Fatigue Strengeh - ksi mazimum, once, thicknesses over (0,125 In, twice.
F Rado o5 Oga C%d ¥ 1 3 4, 046 Regarding possible damage by improper heat greating and 1.5 Mg
ALRIL ! 10 108 _|sxi0 its detection, clad material differs from bare sheet in the 06 Mn
T3 RT | Rot w |-1 | 32 20 |15 13 | 12,5 following respects; In addition to the various damages -
T36 beam 32 2035 16 135 13,5 possikle in 2024, diffusion of copper should be tested by
T8l 27.5] 17 | 14.5| 135 13.5 micrescopie examication at 100 to 1000 X. To test for in- CLAD 2024
T86 3 19 | 14,51 135]13.0 tergranular corrosion the cladding should be removed

from bath sides,

d i ing thicks=
i:::ﬂpercentlawer epending upon the cladding < £05 e Trea - A
3. 062 Modulus of elastcity in tension and compression for sheet 4,051 .ngze daddi?s N_Omcuf: :;f;"fe by S’ﬂlcr“:fd:;c‘:i :::d?:ﬂ
in T3 Coadition at room and elevated temperatures, Fig. 4, therefore,is subj c surface
3.062, same m as pure a (1100).
3,068  Tangenr modulus curves in compression for sheet in T3 4.052  Anodizing is the most popular type of surface rreamment
Condidon, Fig, 3.063. for addidonal corresion protecton.

3. 064 Tangent modulus curves in compression for sheet in T81
and T86 Conditions at room and elevated temperatres,
Fig. 3.064,

4. FABRICATION
In most respects this material performs in much the same
manner 2g its core material, 2024, Exceptions are listed

below,
4.01 Forming and Casting. The alloy hes forming propertes
e slightly superior to those of 2024,
4.03 Welg E

4. 031 Resistance welding of clad sheet in the heat reated condi-
tons can be performed with special practices and over a
narrow range of machine gertings without reduction in
corTosion resist@ance.

4,04 Heating and Heat Treating

4,041 Heat treating and reheat treating of clad material should be
as fast and ag short as necessary to obtin the specified
properdes. This requires a number of provisions during
heat treating which are listed below {(MIL~H~6088B(ASG).

4.042 When solution treating clad material,the load and its dis=-
tribution ghould permit heating within a minimum tme,

This includes the fact that a furnace chaxge should contain 60 T
material of neatly equal thickness, AL~4, 5Cu-1, 5Mg-0, &M T L
4. 043 The soaking time should be 23 ¢lose as possibie to the CLAD SHEET g e Suund
specified minimum Hme to prevent copper diffusion to the IT3 COND & ::q__":.).':——r—‘i
surface and decrease in corrosion resistance. Maximum 50 o,
soaking times for solution treating clad material, Table fr g 4
4.043,
TABLE 4,043 20
Source __{12)
Thickness - ie Meximum Soaking Time - min
Salt Bath Air Furnace®’
=0.016 15 25 0
0.017 to 0, 620 20 0 E T36 COND p ET £ L "1
0.021 to 0, 032 25 35 60 = = ;_é-‘_,—:-
0.033 to 0,063 30 40 =
9064 to 0,090 3 15 L "'-m‘
0,091 to 3, 125 40 50 LT
0.126 to 0 250 45 60 40 A
0,251 to 0,500 35 70
0.501 to 1,000 70 100
1,001 te 1,500 100 130
1.501 to 2,000 115 160 20
2.001t0 2,500 130 190
2.50) o 3. 00D 160 220 TENSION
3.001 w0 3.500 175 250 = — COMPRESSION
13,501 to 4, 900 190 280 0 |
* Total time in fumace when no load thesmocouple Ls used [i] 0.002 0.004 0. 005 0.008 0,010
should not exceed indicated times by more than 35 min if STRAIN - IN PER.IN
thickness is 0,102 in maximum and 60 min if thickeess is
greater than 0. 102 Ia FIG. 3.021 STRESS STRAIN CURVES IN TENSION AND COM-
®* Times less than 20 min may not yteld full solution PRESSION FOR SHEET [N T3 AND T6 CONDITIONS
treatmenz. 9
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. - = 80
Al Al Aot 2Mg-0; oM A1-4.5Cu-1, 5Mg-0. 6Mn
60 T4 COND 0.064 IN CLAD SHEET
45 Cu 00.063 N 3 T81 COND
A0.081 IN —‘ 60 |20 MIN EXPOSURE
|5 Mg A4\ 09_1 IN RT
06 Mn 50 | ®0. 125 IN 200 F L~ 300 F
: o -] -2 / 400 F
TY
CLAC 2024 rON PR 40 7
0 - o /
E 60 20 -
AV@ STRETCHING IN L DIRECTION
Gs*rrncumc IN T DIRECTION
50 (e — 0
Lo~ ¥ 80
o Fey T86 CoNp P
O 300 B RT
100 60
\200 7
0
0 1 2 3 4 5 400 F
STRETCH - PERCENT 40
FIG. 3.022 EFFECT OF STRETCHING ON TENSILE AND COM-
PRESSIVE YIELD STRENGTHS OF SHEET IN T+4
CONDITION 20
%)
TENSION
0
0 0. 002 0.004 0006 0,008 0.0L0

STRAIN - IN PER TN

FiG. 3.0312 STRESS STRAIN CURVES FOR SHEET IN T8l
AND TBS CONDITIONS AT ROOM AND ELE-
VATED TEMPERATURES
(5, p.133-136, 145-148)

Al~4.5Cu-1, 5Mg-0. 6Mn
0.064 IN CLAD SHEET]sg
T3 COND
Al-2. 5Cu-L. 5Mg-0. 6Mn
0 0. 064 IN CLAD SHEET
T3 COND
RT
30 MIN EXPOSURE %ﬁa’
@ | o p 60
="
300 F
/ /A’- 500 F
30 - 5 40
& %
4 x Fry |\
20 ) =20 ;
s EXPOSURE X
| G00F ®1/2 HR
/ Q100 HR »(5)
10 A 0 | &1000H
— g 40| @L12HR, ()
i i (3] e 2N
TENSION g
0 | =0
0 0.002  0.004  0.006 0008 0 200 400 600 800
STRAIN - IN PER IN TEMP - F
FIG. 3.0311 STRESS STRAIN CURVES FOR SHEET FIG. 3.0313 EFFECT OF EXPOSURE AND TEST
IN T3 CONDITION AT ROOM AND TEMPERATURE ON TENSILE PROP-
ELEVATED TEMPERATURES ERTIES OF SHEET IN T3 CONDITION
(8, p.1-7} {c, p-96)(7. p.29)
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Al-4.5Cu-1, SMg-0, 6Ma
0,064 IN CLAD BHEET

0 200 00 600
TEMP - F
FIG. 3.0314 EFFECT OF EXPOSURE AND TEST
TEMPERATURE ON TENSILE
FROPERTIES QF SHEET IN T8!
CONDITION (5. p-42)

Fy - kSl

MG, 3.0315 BFFECT OF EXPOSURE AND TEST
TEMPERATURE ON TENSILE
PROPERTIES QP SHEET IN T8o
CONDITION {5, p-44)

NONFERROUS ALLOYS

AIWT

60 [ Al-3.5Cu- 1. 5Mg -0 6Mn Al
0.004 [N CLAD SHEET
30 MIN EXPOSURE T3 COND 45 Cu
% P 15 Mg
//’t_soop 06 Mn
212 400 F
© v CLAD 2024
|| A
20 et 00 F
10 | 700F
F
cmmlassxw
o
0 o002 0004 0006 000 0010

STRAIN - IN PER IN

FIG. 3.0321 STRESS $STRAIN CURVES IN COMPRESSION
FOR SHEET IN T3 CONDITION AT ROOM
AND ELEVATED TEMFERATURES

.
(8, p.B-14)
80
Al-4, 5Cu-L SMg-0. 6Mp 200 P
0. 064 [N CLAD SHEET RT
T8l COND /
l
s (300 P
30 MIN EXPOSURE
400 F
40
20
COMPRESSION
0
8
% | 136 conp w0p—~ ETL
a il
% a0 P
400 P
40
0
COMPRESSION
]
0 0.002 0. 004 0. 008 0.008 0.010

ETRAIN - INPER IN

FIG. 3,0322 STRESS STRAIN CURVES IN COMPRESSION

FOR-SHEET [N T81 AND T86 CONDITIONS AT
ROOM AND ELEVATED TEMPERATURES
(5, $.137-140, 149-152)
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Al © A5G T 55 0 6%
0,004 I[N CLAD SHERT
45 Cu T3 COND
| ©
5 Mg 40 X
06 Mn Foy \\
CLAD2024 = Q
. |
& T8l COND
&)
60
\
F LY
CY
2w
20
80
TS COND
{5}
&0
40 FAPGSURE
@ \/ZHR
O 100 HR
20 a 1000 HR.
0 200 400 &00 800
TEMP - F

PIG. 3.0023 EFPECT OF EXPOSURE AND TEST
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‘TEMPERATURE QN COMFPRESSIVE
YIELD STRENGTH OF SHEET IN T3,
TS1 AND T85 CONDITIONS

(5. p. 42, 44)6, p.97)

40

20
80

60

20
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Al=4.5Cu-1. 5Mg-0. 6Mn
0,064 IN CLAD SHEET|
T3 COND
Fry ®)
Fry 6N CLAD SHEBT
T81 COND
(s}
Fa;
3716 IN CLAD SHEET
H‘.\* T86 COND
()
Fry
EXPOSURE
® 1/2 HR_|
O 100 HR
A 1000 HR |
200 400 600 800

TEMP - F

FIG. 3,0324 EFFECT OF EXPOSURE AND TEST

TEMPERATURE ON SHEAR STRENGTH
OF SHEET P~ T3, T8) AND T35 CONDI-

TIONS (5. p. 42, 44X5, p.90,59)
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Al-4.5Cu~1,5Mg-0. 6Ma -4, 5Cu-1]5Mg-0, 6Ma Al
0.064 IN CLAD SHEET]| | o0 g0 U041 IN CLAD SHEEL ]
T3 COND 60 1 T81 COND 4_5 cu

© 15 Mg

v 50 06 Mn

\\ ek CLAD 2024
eog 5 20

\ >
1 &
| \ b 10
30 i 40
2% |
O\R sf O3% | ToTAL THERMAL EXP. —
—~ \ & 5% [ STRAIN mcx.lmso
60 . 20 4 ]
3 0,001 0.01 0.1 1 10
TIME - HR
4
, Fary \g\
w40 i o FIG. 3.041 SHOHT TIME TOTAL STRAIN CURVES FOR SHEET
5 -] IN T8} CONDITION AT 300 TO 400 F
11, p.33
*  feme1s \ (L .33, 34)
20 100 Al-4.5Cu-1 SMg-0. 6Mn
EXPOSURE N 80 0. 040 IN CLAD SHEET]
® 1/2HR 00 F T8 COND
O 100 HR 60 s
o A 1000 gJR
0 200 400 600 800 @ F 0.25#
TEMP - F 40
~. 0. 4%
FIG. 3.0325 EFFECT OF EXPUSURE AND TEST TEM- 500 F -
PERATURE ON BEARING PROPERTIES OF 3
SHEET IN T3 CONDITION 600 P =
(6, p.98) X
20
(AL
O 3% | TOTAL
& 5% 7 STRAIN
Al-4.5Cu-1. 5Mg-0, 6Mn Y
120 |0. 064 IN CLAD SHBET o) U7% ),
T81 COND 86 COND . ]
0.001 0.0: 0.1 1 10
. TIME - HR
100
P Ppay FIG. 3.042 SHORT TIME TOTAL S$TRAIN CURVES FOR SHEET
BRU IN T8 CONDITION AT 300 TO 600 F
\ (10, p.38-41)
80
‘ !
\ 12 v ,
g Al-4,5Cu-1.5 Mg-0.6Mn
&0 0,064 IN CLAD SHEBT
'y 0\13\0\ T3 COND
100 10
(]
\ g .
80 \\ ' g
Farv|\ Fari\ | = E STATIC
(e/D=1_5) \
60 - 6
EXPOSURE °]
@ L/2HR ®r
QO 100 HR ) Ec} T3 COND
40| & 1000 HR 4 i
0 200 00 0 200 400 [ 200 400 500 800
TEMP - F TEMP - P
FIG. 3.0326 EFFECT OF EXPOSURE AND TEST TEMPERA- FIG. 3.062 MCQULUS UF ELASTICITY IN TENSION
TURE ON BEARING PROPERTIES OF SHEET IN AND COMPRESSION FOR SHEEY IN T3
T81 AND T86 CONDITIONS CONDITION AT ROOM AND ELEVATED
5. p.98, 102) TEMPERATURES (6, p.96, 97)
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60 -— r
Al L‘ Al 5Cu-1. 5Mg-0. 6Mn
45 Cu ~ 0.D64 TG 0.250 IN CLAD SHEET
g N T3CONI
IS Mg | © — ] '
— T
06 Mn |8 0 \\

CLAD2029 ¥

comrssron =

L]

) 1
2 4

[] 8 10 12
1000 KS1

PIG, 3.063 TANGENT MODULUS CURYES IN COMPRESSION POIL SHEET
(6, p.be)

IN'T3 CONDITION

"’ o e e
. <\zno . \\{ ‘81 COND
~=
a0 ¢
00 F INN
w \\
By \\
%
N
i
pTy
COMPRESSION
a 10
i p~§ RT T86 COND
e N
¢ —;:"\\\%::
5 \\
w
*r COMPRESSION
™ !
) 2 4 6 8 10 2

1000 K51

PG, 3,084 TANGENT MODULUS CURVES [N COMPRESSION FOIR
SHEET IN T81 AN ‘T46 CONDITIONS AT ROOM AND
PLEVATED TEMPERATURES {5, p. 189-196)
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