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SECTION 1

INTRODUCTION

High performance aerospace systems are dependent on materials that are lighter, have
improved mechanical properties, and/or offer a cost savings. Aluminum alloys that met these
criteria were the newly developed aluminum-lithium alloys and the second generation powder
metallurgy alloys.

In 1985, the Air Force along with the aerospace community found it important to
investigate the potential of these promising aluminum alloys. A cooperative program was
formed by the Wright Laboratory Materials Directorate, Systems Support Division, and a number
of aerospace industries. The Air Force would obtain the test material from the producers,
compile the test data, and submit reports to the participants. The participants agreed to support
the program by performing mechanical property tests which include tension, compression,
bearing, shear, fracture toughness, and fatigue related properties (S/N, da/dn). The Air Force
elected to perform spectrum fatigue crack growth testing on most alloys. A list of participants is
shown in the following table.

This Interim report contains the aluminum-lithium alloys produced by Alcoa 2091
0.063 inch thick sheet, 2091 0.144 inch thick sheet, 2091 0.5 inch plate, 8090 hat extrusion and
8090 L extrusion. Comparisons to other materials and ranking of materials are generally avoided
since each potential application may be based on different evaluation criteria.



TABLE

PARTICIPANTS AND ADVANCED ALUMINUM ALLOYS

in the COOPERATIVE TEST PROGRAM

ALIJUUMA LITIIUM ALLOY P pALIUjmLUALLOYS

PECH ~ lb ALCOA REYNOLDS KAISER ALCOA

04 
~i 

I i -

Ai aeWAG HK ~bx x x x x xX

I 
XX

mnAVC ywWTN c.J x

GwnwriasAerOsp,N CA x x x x x xK
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SECTION 2

MATERIALS AND TESTS

The Alcoa aluminum-lithium alloys were received on various dates: 2091-T3 0.063-
inch sheet October 1988, 2091-T3 0.144-inch sheet March 1988, 2091-T8 0.5-inch plate March
1989, and 8090-T8 hat extrusion and 8090-T8 L extrusion September 1991. The 2091 was
developed for maximum damage tolerance and 8090 for damage tolerance and higher strength.

The 2091-T3 0.063-inch sheet was tested as received by the Air Force and Martin
Marietta. However, Northrop and McDonnell aircraft Company heat treated the alloy to a T8
condition. The 2091-T3 0.144-inch sheet was tested as received by the Air Force, Martin
Marietta and McDonnell Douglas Astronautics. However, General Dynamics aged their material
at 16 and 32 hours at 335 0F and Northrop heat treated their material to a T8X temper. The 2091-
T8 0.5-inch plate was tested as received. The dimensions of the 8090-T8 hat and L-extrusion are
shown in Appendix M Figure M1 and Figure M2 respectively. The L-extrusion had to be cut for
achieving the T8 condition making a thin and a thick piece. The L-extrusion was received in two
pieces (0.60" x 4.00" x length and 1.55" x 1.55" x length).

Mechanical properties, (tension, compression, bearing, shear, and fracture toughness)
fatigue and constant amplitude fatigue crack growth tests were tested according to ASTM
standards, unless otherwise specified.

Spectrum tests were performed by the Air Force using FALSTAFF (a severe fatigue
environment) and Mini-TWIST (a moderately intense fatigue environment) spectrums.
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SECTION 3
PRESENTATION

Each participant compiled a data package which contained the data they generated.
Some of these data packages contained discussions and in other cases, only the data wereprovided& The tensile, compression, bearing, and shear are put in tabular form. Fracturetoughness, fatigue, fatigue crack growth, and spectrum fatigue crack growth data were placed in
tabular and graphical form.
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SECTION 4

RESULTS AND DISCUSSION

The data generated by the participants on the 2091 sheet, plate, and 8090 extrusions
are in the Appendices. The following table lists the aluminum-lithium alloy, form, and the
appendix in which the data can be found.

Table

Contents of Appendices

Aluminum-Lithium Alloy Form Appendix

2091-T3 0.063" Sheet J
2091-T8 0.063" Sheet J

2091-T3 0.144" Sheet K

2091-T8 0.144" Sheet K

2091-T8 0.500" Plate L

8090-T8 Hat Extrusion M
8090-TB L-Extrusion M

5



SECTION 5

CONCLUSIONS

Seven aerospace laboratories participated in generating data on the 2091 sheet, plate, and
8090 extrusions for the cooperative test program. These data combined with previous interim
reports on the Air Force/Industry Cooperative Test Program on Advanced Aluminum Alloys
provide an extensive data base on aluminum-lithium alloys.
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APPENDIX J

2091-T3 and 2091-TB
0.063-Inch Sheet
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TABLE J1

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.063- X 48- X 48)

COMPANY TEST ORIENT- ULTIMATE YIELD 3LONG RA z
TEMP ATION STRENGTH STRENGTH (H) (%) (Msi)

(DEGREES P) (•S) (.s8)

MARTIN RT LONG 62.5 48.1 19.0 23.0 10.8
MARIETTA, 61.1 47.0 19.5 23.0 10.6
LOUISIANA 61.7 47.5 21.0 23.0 10.1

AIR FORCE RT LONG 60.8 47.6 22.4 24.8
60.7 47.6 25.1 23.1
60.4 47.5 22.9 23.1

AVERAGE 61.2 47.6 21.7 23.3 10.5

STANDARD DEVIATION 0.8 0.4 1.0 0.3 0.4

TABLE J2

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.063- X 48- X 48-)

COMPANY TEST ORIENT- ULTIMATE lIELD 31.OMG RA 3
TEMP ATION STRENGTH STRENGTH (%) (%) (HSI)

(DEGREES F) (KST) (Ks1)

AIR FORCE RT 45 60.6 40.4 23.4 27.3
60.6 40.4 22.9 25.3
60.8 41.1 21.8 26.4

AVERAGE 60.7 40.6 22.7 26.3

STANDARD DEVIATION 0.1 0.4 0.8 1.0

8



TA.BL J3

TENSILE RESULTS MFOR ALCOA

2091-T3 SHEET (0.063" X 48" X 48-)

COMPANY TEST ORIENT- ULTIMATE YIELD ELOMO RA 3
TEMP ATION ST1I NGTH STRENGTH (WA) (M) (MSI)

(DEGREIS F) (KS!) (KS!)

AIR FORCE RT 60 62.4 41.9 23.6 24.5
60.5 39.7 20.4 26.1
60.5 22.1 26.2

AVERAGE 61.1 40.8 22.0 25.3

STANDARD DEVIATION 1.1 1.6 1.6 0.9

TABLE J4

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.063" X 48" X 48")

COMPANY TEST ORIZNT- ULTIMATE YIELD ELONG Rh E
TEM ATION STRENGTH STRENGTH (H) (%) (MSI)

(DGREES F) (KSx) (KS!)
--- --- -- j~B I -- -- - -- -- - -- - -- -- - -- -- - -- - -- -- - ------ -- elW m la m o lm

MARTIN RT L TRANS 65.0 43.2 11.0 19.0 10.4
MARIETTA, 65.8 44.5 19.0 19.0 10.9
LOUISIANA 65.5 42.7 17.0 19.0 8.9

AIR FORCE RT L TRANS 63.9 42.7 17.1 20.7
63.5 42.1 17.9 21.4
64.2 43.7 19.0 21.2

AVERAGE 64.7 43.2 16.8 20.1 10.1

STANDARD DEVIATION 0.9 0.9 3.0 1.2 1.0
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R-CURVE FOR 2091-T3, .063 inch SHEET

(bongitudnaI
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Figure Jl. R-Curve Results for 2091-T3 0.063 inch Sheet

(L-T Orientation).
Martin Marietta.

R-CURVE FOR 2091 -T3, .063 inch SHEET
(transverse)

130
120

110
100
90

80

Y.40
30
20
10

3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0
CRACK LENGTH, inches

Figure J2. R-Curve Results for 2091-T3 0.063 inch Sheet
(T-L Orientation).
Martin Marietta.
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R-CURVE FOR 2091, .063 Inch Sheet
(1mnitwinao
(effective crack length adjusted for-plastic zone)
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EFFECTIVE CRACK LENGTh, Ae (Ae-Ao+Ap~a1h0) In inches

•Figure J3. R-Curve Results for 2091-T3 0.063 Inch Sheet,
with Effective Crack Length Adjusted for
Plastic Zone (L-T Orientation).
Mart in Marietta.
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R-CURVE FOR 2091-T3, .063 inch SHEET
(trwrv")
( effective crack length adjusted tor plastic zone)
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Figure J4. R-Curve Results for 2091-T3 0.063 Inch Sheet,
with Effective Crack Length Adjusted for
Plastic Zone. (T-L Orientation).
Martin Marietta.
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TABLE J5

R-Curve Data Associated with Figures J1 and J3

DATA FOR SPECIMEN NO. 1

2091-T3 LONGITUDINAL SHEET

LoWd. HalC CrCm-s-,di,, Fracture
Length Crack Length T,.,h0=- ksi

(a), inch (a + fto), Not Adjusted Adjusted
bInch__ _ for mf k

0 3.835 3.835 0.00.0
3.0 3.835 3.838 7.4 6.9

6.1 3.835 3.851 15.0 15.1

10.1 3.835 3.879 24,9 25.1

13.8 3.870 3.955 34.2 34.6

17.4 3.890 4.027 43.3 44.1

20.8 3.895 4.095 51.8 53.2

23.1 3.900 4.150 57.5 59.5

26.7 3.900 4.241 66.5 69.6

30.9 3.925 4 416 77.3 83.5

34.9 3.950 4.613 87.7 97.0

37.7 3.995 4.813 95.5 107.7

38.3 4.015 4.873 97.3 110.3

40.4 4.080 5.113 103.7 121.3

42.5 4.180 5.437 110.9 133.5

43.4 4.255 5.667 114.6 141.5

44.3 4.330 5.902 118.4 149.3

44.3 4.375 5.985 118.4 151.1

44.7 4.490 6.293 122.4 159.9

44.8 4.515 6.362 122.4 161.8

44.8 4.525 6.384 122.4 162.3

45.2 4.600 6.661 125.9 170.9

44.9 4.710 6.908 127.2 176.5

44.7 4.765 7.013 127.2 178.5

44.3 4.810 7.034 127.2 177.5

44.3 4.830 7.120 127.2 180.2

43.8 4.900 7.186 127.2 180.0

43.6 4.960 7.320 128.3 182.9

42.1 5.140 7.376 127.3 178.0

41.8 5.190 7.473 127.3 179.9

41.7 5.240 7.646 127.3 184.7

41.4 5.325 128.7

40.9 5.385 128.7

39.2 5.650 128.7

35.6 6.040 123.2

Thickness - .063 Inches
Yield Strength - 47.5 ksa
Spedmen Width 23.88 Inches
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TABLE J6

R-Curve rata Associated with Figures J1 and ,13

DATA FOR SPECIMEN NO. 2

2091-T3 LONGITUDINAL SHEET

LoadI, kips Halt Crack Hadl Corresponding Fracture
Length Crack Length Toughness. ksi 4inch

(a), inch (a + rho), Not Adjusted Adjusted
inch ,, for Plasticity

0 3.835 3.835 0.0 0.0
5.7 3.835 3.847 14.1 13.2

10.2 3.875 3.921 25.3 25.5
15.2 3.875 3.978 37.8 38.3
20.1 3.875 4.060 49.9 51.2
25.2 3.885 4.185 62.7 65.2
30.1 3.920 4.382 75.3 80.9
35.1 3.955 4.630 88.3 97.8
38.7 4.020 4.921 98.4 113.0
41.0 4.085 5.172 105.4 124.1
43.3 4.160 5.501 112.7 137.9
"44.9 4.245 5.825 118.4 149.7
45.5 4.305 6.042 121.1 156.9
46.0 4.355 6.225 123.4 162.8
46.5 4.495 6.723 127.5 177.7
46.5 4.560 6.951 128.8 184.1
46.5 4.635 7.376 130.3 197.1
46.0 4.730 130.3
45.3 4.885 131.9
44.9 4.940 131.9
44.2 5.045 131.9
43.4 5.175 131.9
42.3 5.325 131.9
42.5 5.350 131.9
41.6 5.470 131.9
40.4 5.610 131.9
39,3 5.800 131.9

Thickness - .063 inches
Yield Strength -47.5 ksi
Specimen Width = 23.87 inches
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TABLE J7

R-Curve Data Associated with Figures J2 and J4

DATA FOR SPECIMEN NO. 3

2091-T3 TRANSVERSE SHEET

Load. kips Hal Crack Hal Coffespordng Fracture
Length Crack Length Toness. ksi

(a), Inch (a + fto), Not Adjusted Adjusted
Inch ___ _ for PIastdv

0 3.875 3.875 0.0 0.0
5.1 3.875 3.887 12.7 11.8

10.3 3.875 3.931 25.6 25.8
15.0 3.880 4.001 37.3 37.9
20.2 3.880 4.105 50r.2 51.8
24.8 3.880 4.230 61.6 64.5
30.1 3.925 4.494 75.4 82.3
31.9 4.000 4.673 80.9 89.5
34.0 4.055 4.861 87.0 97.9
35.8 4.070 5.015 91.8 106.0
37.7 4.105 5.214 97.2 114.8
38.1 4.135 5.293 98.7 117.4
38.6 4.145 5.354 100.2 119.9
39.0 4.175 5.439 101.7 122.6
39.8 4.260 5.684 105.2 130.1
39.9 4.290 5.748 105.2 131.7
40.0 4.360 5.883 107.4 134.6
40.4 4.500 6.226 110.9 143.2
40.4 4.555 6.338 110.9 145.6
40.4 4.640 6.519 113.3 149.5
40.2 4.710 6.660 113.3 152.3
40.2 4.790 6.856 115.4 156.7
40.1 4.830 6.934 115.4 158.2
39.8 4.910 7.099 115.4 161.3
39.8 4.975 7.318 117.5 167.4
39.2 5.140 118.6
38.5 5.315 118.6
37.7 5.485 120.1
37.5 5.625 122.0
36.5 5.810 122.0

Thickness - .063 Inches
Yield Strength - 43.5 kal
Spedmen Width - 23.87 Inches
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TABLE J8

R-CURVE DATA ASSOCIATED WITH FIGURES J2 AND J4

DATA FOR SPECIMEN NO. 4

2091 -T3 TRANSVERSE SHEET

Load, ips Hal Crack Hall Cng Fraclum
Length Crack Length TgLo -kid

(a). Inch (a + iho), Not Adjusted Adjusted

0.0 3.845 3.845 0.0 0.0
5.1 3.845 3.857 12.6 11.8

10.4 3.845 3.901 25.7 25.9
15.3 3.880 4.006 38.0 38.7
20.0 3.895 4.116 49.8 51.3
25.1 3.895 4.256 62.5 65.5
30.1 3.915 4.481 75.2 82.1
33.7 3.985 4.751 85.2 95.5
36.2 4.105 5.092 93.3 108.4
37.4 4.145 5.246 97.0 114.4
38.1 4.245 5.459 100.4 120.1
38.8 4.350 5.717 104.0 127.5
39.2 4.430 5.900 106.4 132.2
39.4 4.565 6.170 109.2 138.1
39.4 4.625 6.282 110.2 140.4
39.4 4.755 6.571 112.4 146.9
39.4 4.815 6.701 113.5 149.8
39.3 4.900 6.905 114.6 154.4
39.1 5.030 7.226 116.3 161.6
38.3 5.260 7.896 117.9 177.0
38.3 5.320 119.0
38.3 5.350 119.0
38.2 5.400 120.1
37.7 5.495 120.1
37.6 5.605 121.9
36.9 5.735 121.9
35.8 5.990 122.9
31.9 6.185 112.8
31.9 8.575 119.7

Thcukss .063 Inches
Yield Strength - 43.5 ksl
Spedmen Width m 23.88 Inches
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TABLE J9

TENSILE RESULTS FOR ALCOA

2091-T8 SHEET (0.0630 X 48" X 48")

COMPANY TEST ORIENT- ULTImATE YIELD ELONG RA B
TEMP ATION STRENGTH STRENGTH (%) (M) (MSI)

(DEGREES F) (KSI) (KSI)

S MKCAIR RT LONG 62.5 50.0 22.0 5.5
62,5 49.4 21.0 5.4
61.5 49.2 20.0 5.9

NORTHROP RT LONG 65.2 53.2 21.9 11.2
64.9 52.9 19.0 11.2
64.9 53.1 21.9 11.2
64.7 52.9 21.9 11.3

AVERAGE 63.7 51.5 21.1 8.8

STANDARD DEVIATION 1.5 1.9 0.6 3.0

TABLE J10

TENSILE RESULTS FOR ALCOA

2091-TS SHEET (0.063" X 48" X 48")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (M) (HSI)

(DEGREES F) (KSI) (KSI)
---------------------------------------------------------------------------
XCAIR RT 45 DEG 62.0 38.0 24.0 6.0

62.0 38.5 25.0 5.9
62.5 38.0 22.0 6.7

NORTHROP RT 45 DEG 64.3 43.9 16.9 11.0
63.4 43.8 14.1 11.0
64.1 43.9 17.2 11.2
63.8 43.1 16.7 11.0

AVERAGE 63.2 41.3 19.4 9.0

STANDARD DEVIATION 1.0 3.0 4.2 2.6
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TABLE J1l

TENSILE RESULTS FOR ALCOA

2091-T8 SHIRT (0.063- X 48- X 48")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (M) (M) (MSI)

(DEGREES F) (KSI) (KSI)

MCAIR RT L TRANS 64.5 40.9 18.0 5.6
65.0 43.6 16.0 5.9
66.0 42.3 21.0 5.5

NORTHROP RT L TRANS 67.9 47.7 20.8 11.3
68.2 47.4 18.2 11.3
67.5 47.7 16.9 11.2
68.3 47.2 18.7 11.1

AVERAGE 65.2 42.3 18.3 5.7

STANDARD DEVIATION 0.8 1.4 2.5 0.2
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E J12

COMPRESSION RESULTS FOR ALCOA

2091-TS SHEET (0.063" X 48" X 48")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KSI)

-- ------------------------------------------------------- -------------
MCAIR RT LONG 12.5

11.5

NORTHROP RT LONG 41.7 11.5

42.2 11.2
41.7 12.1

AVERAGE 41.9 11.8

STANDARD DEVIATION 0.3 0.5

TABLE J13

COMPRESSION RESULTS FOR ALCOA

&091-TB SHEET (0.063" X 48" X 48")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KSI)

-----------------------------------------------------------------------
MCAIR RT 45 DEG 12.1

12.2
11.7

AVERAGE 12.0

STANDARD DEVIATION 0.3
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TABLE J14

COMPRESSION RESULTS FOR ALCOA

2091-T8 SHEET (0.063" X 48" X 48")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KSI)

MCAIR RT L TRANS 12.6
12.6
12.5

NORTHROP RT L TRANS 46.4 12.1
48.8 11.9
48.9 12.0

AVERAGE 48.7 12.3

STANDARD DEVIATION 0.3 0.3
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TABLE JiS

SLOTTED SHEAR RESULTS FOR ALCOA

2091-T8 SHEET (0.063" X 48" X 48")

COMPANY ORIENTATION SHEAR
STRENGTH

(KSl)

NCAIR LONG 44.8
46.8

NORTHROP LONG 43. 9
43.8
43.7

AVERAGE 44.6

STANDARD DEVIATION 1.3

TABLE J16

SLOTTED SHEAR RESULTS FOR ALCOA

2091-TS SHEET (0.063" X 48" X 48")

COMPANY ORIENTATION SHEAR
STRENGTH

(18x)

NORTHROP L TRANS 44.7
45.0
44.6

AVERAGE 44.8

STANDARD DEVIATION 0.2
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TABLE J17

BEARING RESULTS FOR ALCOA

2091-T8 SHEET (0.063- X 48" X 48")

COMPlNY ORIENTATION O/D BEARING BEARING
ULT. STR. YIELD STR.

(KS) (KSI)
--------------------------------------------------------------------
HCAIR LONG 1.5 96.1

98.9 83.5
99.2 83.9

NORTHROP LONG 1.5 101.6 71.1
100.7 69.7
101.7 72.2

AVERAGE 99.7 76.1

STANDARD DEVIATION 2.1 7.0

TABLE J18

BEARING RESULTS FOR ALCOA

2091-T8 SHEET (0.063" X 48" X 48")

COMPANY ORIENTATION O/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

MCAIR L TRANS 1.5 98.2 85.7
97.4 84.0
97.5 85.1

NORTHROP L TRANS 1.5 104.4 76.9
103.7 73.9
104.0 75.4

AVERAGE 100.9 80.2

STANDARD DEVIATION 3.5 5.3
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TABLE J19

BEARING RESULTS FOR ALCOA

2091-TS SHEET (0.063- X 48" X 48")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

MCAIR LONG 2.0 128.6 107.0
130.3 108.4
127.1 107.0

NORTHROP LONG 2.0 127.3 72.8
129.9 76.0
130.2 74.7

AVERAGE 128.9 91.0

STANDARD DEVIATION 1.5 18.1

TABLE J20

BEARING RESULTS FOR ALCOA

2091-TS SHEET (0.063" X 48" X 48")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)
--------------------------------------------------------------------

MCAIR L TRANS 2.0 131.2 110.7
130.6 109.5
128.3 107.0

NORTHROP L TRANS 2.0 130.4 85.2
129.7 85.0
129.0 88.2

AVERAGE 129.9 97.6

STANDARD DEVIATION 1.1 12.7
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TABLE J21

R-CURVE FRACTURE TOUGHNESS
RESULTS FOR 2091-T8X SHEET

(0.063- X 48- X 48-)
Northrop

Specimen Orientation Kc
ID

VIRLI L-T 130.0
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TABLE J22

R-CURVE FRACTURE TOUGHNESS RESULTS

For 209 1-T8 Sheet (0.063- x 48 x 48.)

MCDONNELL AIRCRAFT CO

SPECIMEN IDENTIFICATION: LTI
MATERIAL DESCRIPTION: 2091 AL-LI SHEET
SPECIMEN TYPE: C(T) (COMPACT SPECIMEN)
SPECIMEN ORIENTATION: L-T
YIELD STRENGTH: 49.5 KSI
SPECIMEN THICKNESS: 0.063 IN
SPECIMEN WIDTH: 3.999 IN

SPECIMEN IS INVALID PER ASTM E561-86. PARA. 7.5

APPLIED PHYSICAL Kr EFFECTIVE Kr
LOAD CRACK (UNCORRECTED) CRACK (CORRECTED)

LENGTH LENGTH
Elbs) (in) (psi lin) (in) (psi 1in)

800 1.485 42.884 1.629 47.141
975 1.500 52.765 1.753 62.495

1.025 1.507 55.716 1.810 68,3&9
1.100 1.516 60,171 1.935 80.342
1.150 1.523 63.194
1.17S 1.529 64.829
1,200 1.534 66,420
1.225 1.545 68.270
1.250 1.555 70.121
1.275 FAILURE ---

"t Indicates that the equation for Kr (Corrected) did not
converge to a solution.

29



TABLE J23

R-CURVE FRACTURE TOUGHNESS RESULTS

For 2091-T8 Sheet (0.063" x 48" x 48")

MCDONNELL AIRCRAFT CO

SPECIMEN IDENTIFICATION: LT2
MATERIAL DESCRIPTION: 2091 AL-LI SHEET
SPECIMEN TYPE: C(T) (COMPACT SPECIMEN)
SPECIMEN ORIENTATION: L-T
YIELD STRENGTH: 49.5 KSI
SPECIMEN THICKNESS: 0.064 IN
SPECIMEN WIDTH: 4.002 IN

SPECIMEN IS.INVALID PER ASTM E561-86. PARA. 7.5

APPLIED PHYSICAL Kr EFFECTIVE Kr
LOAD CRACK (UNCORRECTED) CRACK (CORRECTED)

LENGTH LENGTH
Albs) (in) (psi 11n) (in) (psi fin)

975 1.501 51.927 1.743 60,963
1.000 1.515 53,727 1.783 64,343
1,050 1.523 56.711 1.847 70,665
1,110 1.526 60,073 1.943 80.115
1,160 1.530 62,951
1,190 1.534 64,769
1,220 1.540 66,640
1,235 1.543 67,574
1,270 1.549 69,785
1,285 1.570 71.568
1,305 1.576 72,983
1.315 1.585 73,989
1.325 1.592 74,876
1.335 1.598 75,731

.1,340 1.605 76,397
1,345 FAILURE .........

"* Indicates that the equation for Kr (Corrected) did not
converge to a solution.
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TABLE J24

R-CURVE FRACTURE TOUGHNESS RESULTS

For 2091-T8 Sheot (0.0630 x 48* x 48")

MCDONNELL AIRCRAFT CO

SPECIMEN IDENTIFICATION: TLI
MATERIAL DESCRIPTION: 2091 AL-LI SHEET
SPECIMEN TYPE: C(T) (COMPACT SPECIMEN)
SPECIMEN ORIENTATION: T-L
YIELD STRENGTH: 42.3 KSI
SPECIMEN THICKNESS: 0.064 IN
SPECIMEN WIDTH: 3.998 IN

SPECIMEN IS INVALID PER ASTM E561-86. PARA. 7.5

APPLIED PHYSICAL Kr EFFECTIVE Kr
LOAD CRACK (UNCORRECTED) CRACK (CORRECTED)

LENGTH LENGTH
(lbs) (in) (psi 11n) (in) (pSI (in)

800 1.495 42,504 1.708 48,955
825 1.499 43.946 1.734 51,378

1,025 1.503 54,749
1.050 1.509 56,296
1.085 1.513 58,335
1.095 1.518 59,045
1.135 1.524 61,462
1.165 1.535 63,532
1.175 1.544 64.468
1,190 1.544 65,291
1.215 1.549 66,881
1.230 1.557 68,045
1,240 1.562 68,819
1.250 1.583 70,357
1.270 1.587 71,638
1.280 1.594 72,565
1,290 1.612 73,989
1.295 1.616 74,493
1.305 FAILURE ---. ...

**' Indicates that the equation for Kr (Corrected) did not
converge to a solution.
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TABLE J25

R-CURVE FRACTURE TOUGHNESS RESULTS

For 2091 -T8 Sheet (0.0630 x 48" x 480)

MCDONNELL AIRCRAFT CO

SPECIMEN IDENTIFICATION: TLZ
MATERIAL DESCRIPTION: 2091 AL-LI SHEET
SPECIMEN TYPE: C(T) (COMPACT SPECIMEN)
SPECIMEN ORIENTATION: T-L
YIELD STRENGTH: 42.3 KSI
SPECIMEN THICKNESS: 0.061 IN
SPECIMEN WIDTH: 3.999 IN

SPECIMEN IS INVALID PER ASTM E561-86. PARA. 7.5

APPLIED PHYSICAL Kr EFFECTIVE Kr
LOAD CRACK (UNCORRECTED) CRACK (CORRECTED)

LENGTH LENGTH
(lbs) (in) (psi fin) (in) (psi 1in)

950 1.507 53,350 2.062 79.002
975 1.511 54,882 ti

1,075 1.517 60.775 tt tt
1,120 1.522 63,517 tt ttt
1.130 1.526 64.248 ttt ttt
1,180 1.531 67,305 ,t
1,240 1.541 71.181 'a' 'a'
1.255 1.544 72.179 t" 'a.
1,265 1.550 73,059 'a' a"
1,280 1.569 74,867 t" "a
1.285 1.576 75.466 "t tt
1.295 FAILURE

'a' Indicates that the equation for Kr (Corrected) did not
converge to a solution.
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TABLE J26

FATIGUE CRACK GROWTH RATE DATA ASSOCIATED

WITH FIGURE J9

CRACK GROWTH TEST OF ALCOA 2091 .063" SHT SPEC VIFLI

M(T) SPECIMEN TYPE L-T ORIENTATION

TEMP a R.T. REL HUM a 95 X 22-AUG-89

W a 2.999 IN 9 - .0612 IN R w .1

FREQUENCY - 10 HZ H.A. ENVIRONMENT

GRID SPACING a .05 IN FILE CODEs RK1tC00I52.DDN

YIELD STRESS a 53 KSJ FITO CODES RKI:C0OI52.DFO

SPECIMEN VIFLI M(T) SPECIMEN TYPE

REF K-MAX 2A 2A/I K-BAR DELTA DA/DN VALID
# IN K-BAR IN/CYC PER ASTM

1 4.74 .4671 .1558
4.85 4.36 2.26389E-07 Y

2 4.95 .5078 .1693
5.22 4.7 3.72283E-07 Y

3 5.48 .6106 .2036
5.6 5.04 4.90196E-07 Y

4 5.72 .6606 .2203
5.84 5.25 6.28289E-07 Y

5 5.95 .7083 .2362
6.24 5.61 1.37500E-06 Y

6 6.52 .8266 .2756
6.86 6.18 2.44167E-06 Y

7 7.21 .9731 .3245
7.53 6.78 3.37500E-06 Y

8 7.86 1.1081 .3695
8.06 7.26 4.12500E-06 Y

9 8.27 1.1906 .397
8.4 7.56 5.050OOE-06 Y

10 8.53 1.2411 .4138
8.78 7.9 4.85OOOE-06 V

11 9.04 1.3381 .4462
9.22 6.3 6.69999E-06 Y

12 9.4 1.4051 .4685
9.55 8.6 6.68749E-06 Y

.13 9.71 1.4586 .4864
9.87 8.89 7.18752E-06 Y

14 10.04 1.5161 .5055
10.23 9.2 7.56250E-06 Y

15 10.41 1.5766 .5257

10.63 9.56 8.40624E-06 Y
16 10.85 1.6438 .5481

11.03 9.92 9.04167E-06 Y
17 11.21 1.6981 .5662

11.35 10.22 9.87500E-06 Y
18 11.49 1.7376 .5794

11.66 10.49 1.13750E-05 Y
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TABLE J26 CONTINUED

SPECIMEN VIFLI M(T) SPECIMEN TYPE

REF K-MAX 2A 2A/I K-BAR DELTA DA/DN VALID
0 IN K-SAR IN/CYC PER ASTH

19 11.82 1.7831 .5946
12.01 10.81 1.22500E-05 Y

20 12.2 1.8321 .6109
12.41 11.17 1.30OOOE-05 Y

21 12.62 1.8841 .6282

12.86 11.57 1.38750E-05 Y
22 13.1 1.9396 .6467

13.34 12.01 1.73333E-05 Y
23 13.58 1.9916 .6641

13.85 12.46 1.81667E-05 Y
24 14.12 2.0461 .6823

14.34 12.91 2.16249E-05 Y
25 14.57 2.0893 .6967

14.87 13.38 2.65000E-05 Y
26 15.18 2.1423 .7144

16 14.4 2.83153E-03 Y
27 16.89 2.2726 .7578

17.3 15.57 4.45833E-05 Y
28 17.73 2.3261 .7756
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TABLE J27

FATIGUE CRACK GROWTH RATE DATA ASSOCIATED

WITH FIGURE J9

CRACK GROWTH TEST OF ALCOA 2091 .0630 SHT SPEC VIFL3

M(T) SPECIMEN TYPE L-T ORIENTATION

TLMP a R.T. REL HUM a 95 % 28-AUG-89

W a 2.999 IN 1 = .0612 IN R z .1

FREQUENCY a 10 HZ H.A. ENVIRONMENT

GRID SPACING a .*5 IN FILE CODE' RKI:COOI54.DDN

YIELD STRESS a 65 KSI FITO CODEt RKI:CO0154.DFO

SPECIMEN VIFL3 M(T) SPECIMEN TYPE

REF K-MAX 2A 2A/W K-3AR DELTA DA/DN VALID
# IN K-BAR IN/CYC PER ASTM

1 3.87 .1891 .0631
4.2 3.78 1.1465SE-07 Y

2 4.51 .2556 .0852
4.57 4.11 1.65625E-07 Y

3 4.63 .2688 .0896
5.01 4.51 2.99837E-07 Y

4 5.38 .3606 .1202
5.67 5.11 5.09740E-07 Y

5 5.96 .4391 .1464
6.67 6 1.71875E-06 Y

6 7.34 .6453 .2152
7.72 6.95 4.05000E-06 Y

7 8.1 .7668 .2557
8.25 7.42 4.62500E-06 Y

8 8.39 .8131 .2711
8.53 7.68 4.75'00E-06 Y

9 8.68 .8606 .287
8.85 7.96 5.49999E-06 Y

10 9.02 .9156 .3053
9.19 8.27 5.65000E-06 Y

11 9.37 .9721 .3241
9.55 8.59 7.25000E-06 Y

12 9.73 1.0301 .3435
9.9 8.91 6.71875E-06 Y

13 10.06 1.0833 .3614
10.27 9.24 8.06250E-06 Y

14 10.48 1.1483 .3829
10.69 9.62 8.21875E-06 Y

15 10.91 1.2141 .4048
11.11 10 1.03333E-05 Y

16 11.32 1.2761 .4255
11.54 10.38 1.06667E-05 Y

17 11.76 1.3401 .4468
11.99 10.79 1.07500E-05 Y

18 12.22 1.4046 .4684
12.52 11.27 1.35000E-05 Y
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TABLE J27 CONTINUED

SPECIMEN VIFL3 M(T) SPECIMEN TYPE

REF K-MAX 2A 2A/M K-BAR DELTA DA/DN VALID
# IN K-BAR IN/CYC PER ASTM

19 12.52 1.4856 .4954
13.05 11.74 1.46250E-05 Y

20 13.28 1.5441 .5149
13.47 12.12 1.73215E-05 Y

21 13.67 1.5926 .531
13.86 12.48 2.13637E-05 Y

22 14.06 1.6396 .5467
14.25 12.83 2.44444E-05 Y

23 14.45 1.6836 .5614
14.63 13.17 2.76667E-05 Y

24 14.82 1.7251 .5752
14.99 13.49 2.72727E-05 Y

25 15.16 1.7611 .5872
15.37 13.83 -3.29545E-05 Y

26 15.58 1.8046 .6017
15.89 14.3 3.45930E-05 Y

27 16.2 1.8641 .6216
16.51 14.86 3.62500E-05 Y

28 16.83 1.9221 .6409
17.17 15.45 4.79167E-05 Y

29 17.51 1.9796 .6601
17.86 16.08 6.33334E-05 Y

30 18.23 2.0366 .6791
18.56 16.71 7.98387E-05 Y

31 18.9 2.0961 .6956
19.29 17.36 1.08000E-04 Y

32 19.69 2.1401 .7136
20.39 18.35 2.47143E-04 Y

33 21.11 2.2266 .7424
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TABLE J28

FATIGUE CRACK GROWTH RATE DATA ASSOCIATED

WITH FIGURE J10

CRACK GROWTH TEST OF ALCOA 2091 .0630 SHT SPEC VIFTI

M(T) SPECIMEN TYPE T-L ORIENTATION

TEMP a R.T. REL HUM s 95 % 2-AUG-89

"W a 2.999 IN B a .061 IN R a .1

FREQUENCY a 10 HZ H.A. ENVIRONMENT

GRID SPACING = .05 IN FILE CODE: RKI'COO149.DDN

YIELD STRESS a 47.7 KSI FITO CODE: RKI:COOI49.DFO

SPECIMEN VIFTI M(T) SPECIMEN TYPE

REF K-MAX 2A 2A/W K-BAR DELTA DA/DN VALID
# IN K-BAR IN/CYC PER ASTM

1 6.17 .8944 .2982
6.19 5.57 7.20342E-08 Y

2 6.21 .903 .3011
6.3 5.67 3.03622E-07 Y

3 6.39 .9457 .3153
6.7 6.03 9.37501E-07 Y

4 7.01 1.0875 .3626
7.39 6.65 1.94886E-06 Y

5 7.78 1.2589 .4198
8.01 7.21 2.42500E-06 Y

6 8.25 1.3559 .4521
8.4 7.56 3.18750E-06 Y

.7 8.56 1.4197 .4734
8.9 8.01 3.32908E-06 Y

8 9.25 1.5502 .5169
9.39 8.45 3.78907E-06 Y

9 9.53 1.5987 .5331
9.65 8.69 3.93519E-06 Y10 9.78 1.6412 .5472

10.01 9.01 4.76852E-06 Y
11 10.25 1.7185 .573

.10.4 9.36 6.58086E-06 Y
12 10.54 1.7632 .5879

10.66 9.59 5.73277E-06 Y
13 10.77 1.7964 .599

11.01 9.91 6.93877E-06 Y
14 11.25 1.8644 .6217

11.59 10.44 8.15909E-06 Y
15 11.95 1.9542 .6516

12.52 11.26 6.33494E-06 Y16 13.11 2.0847 .6951
15.77 14.19 1.27121E-05 Y

17 19.27 2.5042 .835
19.75 17.78 4.02498E-05 Y

18 20.25 2.5444 .8484
20.95 18.85 5.07503E-05 Y

19 21.68 2.5952 .8654
22.28 20.05 6.24998E-05 Y

20 22.91 2.6327 .8779
24.75 22.28 3.050OOE-04 Y

21 26.87 2.7242 .9084
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TABLE J29

FATIGUE CRACK GROWTH RATE DATA ASSOCIATED

with FIGURE J1O

CRACK GROWTH TEST OF ALCOA 2091 .0630 SHT SPEC VIFT3

M(T) SPECIMEN TYPE T-L ORIENTATION

TEMP a R.T. REL HUM a 95 Z 07-SEP-89

W x 2.999 IN B a .0612 IN R a .1

FREQUENCY = 10 HZ HUMID AIR ENVIRONMENT

GRID SPACING a .05 IN FILE CODE: RKI:COO156.DDN

YIELD STRESS a 65 KSI FITO CODE: RKItCOOI56.DFO

SPECIMEN VIFT3 M(T) SPECIMEN TYPE

REP K-MAX 2A 2A/W K-BAR DELTA DA/DN VALID
# IN K-BAR IN/CYC PER ASTM

1 3.65 .2825 .0942
3.69 3.32 5.49999E-08 Y2 3.72 .2935 .0979 3.8 3.42 1.18750E-07 Y

3 3.87 .3172 .1058
3.98 3.59 1.78750E-07 V

4 4.09 .353 .1177
4.22 3.8 2.150OOE-07 Y5 4.34 .396 .132
4.48 4.04 1.99000E-07 Y

6 4.62 .4457 .1486 S4.75 4.28 2.38750E-07 y
7 4.88 .4935 .1646 55.01 4.51 2.57500E-07 Y

8 5.15 .545 .1817
5.29 4.76 3.46875E-07 Y

9 5.43 .6005 .2002
5.53 4.98 3.20313E-07 Y

10 5.63 .6415 .2139
5.72 5.14 3.16964E-07 Y

11 5.8 .677 .2257 5.89 5.3 3.83333E-07 Y
12 5.97 .7115 .2372

6.08 5.47 4.65000E-07 Y
13 6.19 .758 .2528

6.35 5.71 6.69999E-07 Y14 6.51 .825 .2751 6.64 5.97 9.08335E-07 Y15 6.77 .8795 .2933 7.06 6.35 2.92857E-06 Y
16 7.35 1.0025 .3343 7.51 6.76 3.25000E-06 Y

17 7.66 1.0675 .356
7.77 7 3.23943E-06 V

18 7.89 1.1135 .3713
8 7.2 4.00862E-06 Y

19 8.12 1.16 .3868
8.22 7.4 4.52128E-06 Y

20 8.33 1.2025 .401 8.45 7.61 4.08335E-06 Y
21 8.58 1.2515 .4173 8.7 7.83 3.87499E-06 Y

22 8.82 1.298 .4328
8.92 8.03 3.80001E-06 Y
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TABLE J29 CONTINUED

SPECIMEN VIFT3 MIT) SPECIMEN TYPE

REF K-MAX 2A 2A/I K-BAR DELTA DA/DN VALID
I IN K-BAR IN/CYC PER ASTH

23 9.02 1.336 .4455
9.16 8.25 3.93940E-06 Y

24 9.31 1.388 .4628
9.47 8.53 6.19790E-06 Y

25 9.64 1.4475 .4827
9.75 8.78 5.50001E-06 Y

26 9.86 1.486 .4955
9.99 8.99 5.37500E-06 Y

27 10.12 1.529 .5098
10.27 9.25 5.55555E-06 Y

28 10.43 1.579 .5265
10.57 9.51 6.18055E-06 Y

29 10.7t 1.6235 .5413
10.9 9.81 5.74999E-06 Y

30 11.09 1.681 .5605
11.28 10.15 6.62501E-06 Y

31 11.46 1.734 .5782
11.66 10.5 6.81250E-06 Y

32 11.87 1.7885 .5964
12.08 10.87 9.33333E-06 Y

33 12.3 1.8445 .615 12.51 11.26 7.21429E-06 Y
34 12.72 1.895 .6319

12.95 11.65 8.99998E-06 Y
35 13.19 1.949 .6499

13.44 12.09 9.08333E-06 Y
36 13.7 2.0035 .6681

14.04 12.63 1.14167E-05 Y
37 14.39 2.072 .6909 14.62 13.16 1.06250E-05 Y
38 14.85 2.1145 .7051

15.21 13.69 1.53750E-05 Y
39 15.58 2.176 .7256

16 14.4 1.61250E-05 Y
40 16.43 2.2405 .7471 17.05 15.35 2.22369E-05 Y
41 17.71 2.325 .7753 18.41 16.57 3.11539E-05 Y
42 19.16 2.406 .8023

19.84 17.86 3.88235E-05 Y43 20.57 2.472 .8243
21.32 19.19 6.14998E-05 Y

44 22.12 2.5335 .8448 23.09 20.78 1.09167E-04 V

45 24.14 2.599 .8666
24.88 22.39 1.36666E-04 Y

46 25.66 2.64 .8803
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APPENDIX K

2091 -T3 and 2091 -T8
0.144 Inch Sheet

54



TABLE KI

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA z
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

MCDONNELL RT LONG 59.4 49.0 20.0 11.4
DOUGLAS 60.1 49.2 20.0 11.6
ASTRO., CA 59.9 49.5 20.0 11.5

59.9 49.6 20.0 11.5
58.9 49.5 22.0 11.5

MARTIN
MARIETTA, LA RT LONG 60.6 50.0 17.0 12.7 11.4

59.9 49.6 17.0 15.5 11.1
59.9 49.6 17.0 19.7 11.4

AIR FORCE RT LONG 61.4 51.1 14.3 14.7
61.4 50.9 17.9 20.5
61.4 51.3 17.2 19.7

AVERAGE 60.3 49.9 18.4 17.1 11.4

STANDARD DEVIATION 0.8 0.8 2.2 3.2 0.1

TABLE K2

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (HS(I)

(DEGREES F) (KSI) (KSI)

AIR FORCE RT 30 62.4 45.0 20.0 25.6
62.1 44.0 19.1 25.4
62.2 43.2 18.9 25.5

AVERAGE 62.2 44.1 19.3 25.5

STANDARD DEVIATION 0.2 0.9 0.6 0.1
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TABLE K3

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.144- X 48- X 48-)

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA z
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

AIR FORCE RT 45 61.4 42.0 23.3 28.3
61.6 42.7 24.4 28.2
61.5 42.7 23.9 29.3

AVERAGE 61.5 42.5 23.9 28.6

STANDARD DEVIATION 0.1 0.4 0.6 0.6

TABLE K4

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.144- X 48- X 48")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

AIR FORCE RT 60 61.2 40.9 24.0 29.0
61.0 43.3 21.5 27.8
60.3 41.5 22.8 31.1

AVERAGE 60.8 41.9 22.8 29.3

STANDARD DEVIATION 0.5 1.2 1.3 1.7
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TABLE K5

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.144- X 48- X 48")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA z
TEMP ATION STRENGTH STRENGTH (%) (•) (MSI)

(DEGREES F) (KSI) (KSI)

MCDONNELL RT L TRANS 64.3 12.0
DOUGLAS 65.3 46.6 14.0 11.6
ASTRO., CA 65.2 46.6 14.0 11.6

64.3 46.4 12.5 11.5
64.6 46.7 12.5 11.6

MARTIN RT L TRANS 64.7 46.2 12.0 12.7 11.1
MARIETTA, LA 65.1 45.8 13.0 11.3 11.4

64.7 45.6 13.0 11.3 11.3

AIR FORCE RT L TRANS 66.0 47.3 16.4 16.2
66.4 47.4 17.5 17.3
66.0 47.5 15.7 18.8

AVERAGE 65.1 46.6 14.1 14.6 11.5

STANDARD DEVIATION 0.7 0.6 1.9 3.3 0.3

TABLE K6

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA a
TEMP ATION STRENGTH STRENGTH (%) (•) (MSI)

(DEGREES F) (KSI) (KSI)

MCDONNELL -320 F LONG 75.3 57.6 16.0 12.4
DOUGLAS 76.2 58.1 16.5 12.5
ASTRO., CA 75.1 57.4 17.0 12.5

75.0 58.0 17.0 12.5

AVERAGE 75.4 57.8 16.6 12.5

STANDARD DEVIATION 0.5 0.3 0.5 0.1
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TABLE K7

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA 9
TEMP ATION STRENGTH STRENGTH (%) (%) (SI)

(DEGREES F) (1.8I) (l5I)
-------------------------------------------------------------------
MCDONNELL -320 F L TRANS 81.6 53.9 16.5 12.7
DOUGLAS 82.2 54.2 14.5 12.7
ASTRO., CA 81.5 55.1 14.5 12.7

80.6 55.1 13.0 12.5

AVERAGE 81.5 54.6 14.6 12.7

STANDARD DEVIATION 0.7 0.6 1.4 0.1
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TABLE KS

COMPRESSION RESULTS FOR ALCOR

2091-T3 SHEET (0.144- X 48" X 48")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DE•REES F) (KSI) (KSI)

MCONNELL RT LONG 41.1 11.5
DOUGLAS 11.5
ASTRO., CA 40.7 11.4

AVERAGE 40.9 11.5

STANDARD DEVIATION 0.3 0.1

TABLE K9

COMPRESSION RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KSI)

MCDONNELL RT L TRANS 49.0 11.3
DOUGLAS 48.6 11.5
ASTRO., CA 49.8 11.5

AVERAGE 49.1 11.4

STANDARD DEVIATION 0.6 0.1
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TABLE KIO

COMPRESSION RESULTS FOR ALCOA

2091-T3 SHEET (0.144- X 48" X 48")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DZGREES F) (KSI) (KSI)

MCDONNELL -320 F LONG 46.8 12.7
DOUGLAS 12.5
ASTRO., CA 46.4 12.4

AVERAGE 46.6 12.5

STANDARD DEVIATION 0.3 0.2

TABLE KlI

COMPRESSION RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KSI)

MCDONNELL -320 F L TRANS 56.8 12.8
DOUGLAS 55.1 12.8
ASTRO., CA 58.8 12.5

AVERAGE 56.9 12.7

STANDARD DEVIATION 1.9 0.2
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TABLE K12

BEARING RESULTS FOR ALCOR

2091-T3 SHEET (0.144" X 48- X 48"}

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KsI) (KSI)

MCDONNELL LONG 1.5 95.6
DOUGLAS 95.9 75.3
ASTRO., CA 95.3 75.8

95.2 74.3
95.1 72.9

AVERAGE 95.4 74.6

STANDARD DEVIATION 0.3 1.3

TABLE K13

BEARING RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

MCDONNELL L TRANS 1.5 98.1 75.3
DOUGLAS 98.2 74.2
ASTRO., CA 98.5 78.6

96.5 74.6
98.1

AVERAGE 97.9 75.7

STANDARD DEVIATION 0.8 2.0
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TABLE K14

BEARING RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

MCDONNELL LONG 2.0 119.0 86.2
DOUGLAS 119.0
ASTRO., CA 120.0 86.6

120.0
120.0 85.3

AVERAGE 119.6 86.0

STANDARD DEVIATION 0.5 0.7

TABLE KiS

BEARING RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

MCDONNELL L TRANS 2.0 122.0 89.2
DOUGLAS 122.0 90.7
ASTRO., CA 122.0

123.0 88.7
121.0 87.9

AVERAGE 122.0 89.1

STANDARD DEVIATION 0.7 1.2
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Figure K1. R-Curve Results for 2091-T3
0.144 Inch Sheet (L-T Orientation).
Martin Marietta
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Figure K3. R-Curve Results for 2091-T3
0. 144 Inch Sheet with Effective Crack Length
Adjusted for Plastic Zone (L-T Orientation)
Martin Marietta.
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TABLE K16

R-CURVE DATA ASSOCIATED WITH

FIGURES K1 AND K3 (SPECIMEN 3)

Half Corresponding Fracture
Half Crack Crack Length, Toughness. si 4inch

Load, kips Length (c + rho) Not adjusted Adjusted for
(c) inch inch Plasticity

10 3.895 3.902 11 11
18 3.960 3.985 20 20
24 3.960 4.004 26 26
26 3.975 4.029 29 29
28 3.990 4.053 31 31
29 3.990 4.059 32 33
32 4.000 4.083 36 36
36 4.020 4.126 40 41
40 4.020 4.154 45 46
44 4.020 4.183 49 50
48 4.020 4.213 53 55
52 4.020 4.251 58 60
57 4.020 4.295 63 65
61 4.020 4.340 68 70
64 4.045 4.402 71 74
65 4.060 4.451 73 78
67 4.085 4.497 75 80
69 4.085 4.525 77 83
71 4.105 4.581 80 86
71 4.115 4.601 80 87
74 4.140 4.668 84 91
74 4.140 4.677 84 91
76 4.165 4.732 86 94
76 4.225 4.812 88 95
76 4.225 4.823 88 96
78 4.255 4.886 90 99
80 4.290 4.967 93 103
81 4.325 5.027 94 104
82 4.500 5.284 99 110
82 4.655 5.495 102 114
83 4.750 5.649 104 118
82 4.900 5.837 105 121
82 5.045 6.042 108 124
81 5.345 6.447 112 131

Thickness = .144 inch
Yield = 49.7 ksi
Specimen Width = 23.83 inch

67



TABLE K 17

R-CURVE DATA ASSOCIATED WITH

FIGURES KI AND K3 (SPECIMEN 4)

Half Corresponding Fracture
Half Crack Crack Length, Toughness..ksi 4inch

Load, kips Length (c + rho) Not adjusted Adjusted for
(C) inch inch Plasticity

10 3.895 3.902 11 11
19 3.895 3.924 21 21
28 3.895 3.956 31 31
36 3.930 4.032 39 40
44 4.000 4.163 49 50
52 4.000 4.231 58 60
60 4.010 4.319. 67 69
65 4.040 4.416 73 76
69 4.080 4.523 77 83
74 4.110 4.641 84 91
78 4.200 4.823 90 98
79 4.260 4.921 92 101
so 4.350 5.058 95 105
82 4.480 5.262 99 110
84 4.575 5.A40 102 116
84 4.615 5.492 102 117
84 4.735 5.663 105 120
84 4.800 5.754 106 122
84 4.890 5.883 107 124
84 4.945 5.956 107 125
84 5.025 6.072 109 128
84 5.135 6.223 ill 130
82 5.320 6.435 ill 132
81 5.490 6.661 114 135
79 5.730 6.962 115 138
74.5 6.265 7.660 117 144
74.5 6.440 7.932 118 152

Thickness .144 inch
Yield = 49.7 ksi
Specimen Width - 23.81 inch
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TABLE K18

R-CURVE DATA ASSOCIATED WITH

FIGURES K2 AND K4 (SPECIMEN 1)

Half Corresponding Fracture
Hadf Crack Crack Length, Toughne ksi inch

Load, kips Length (c + rho) Not adjusted Adjusted for
(c) inch inch Plasticity

10 2.895 2.905 12 12
13 2.895 2.915 16 16
19 2.950 2.995 24 25
28 2.960 3.061 36 36
37 2.980 3.158 47 49
46 2.995 3.279 58 61
50 2.995 3.354 64 69
54 3.000 3.422 69 75
56 3.005 3.461 71 78
59 3.020 3.547 75 83
65 3.045 3.728 83 95
69 3.085 3.920 89 105
71 3.100 4.032 92 111
72 3.100 4.077 94 114
75 3.150 4.282 98 122
76 3.250 4.598 102 133
77 3.250 4.608 102 134
78 3.345 4.943 106 145
79 3.355 5.104 108 152
79 3.420 5.500 110 166
79 3.525 112
77 3.655 113
75 3.865 113
71 4.100 113

Thickness , .144 inch
Yield , 45.9 ksi
Specimen Width 18.03 inch
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TABLE K19

R-CURVE DATA ASSOCIATED WITH

FIGURES K2 AND K4 (SPECIMEN 2)

Half Corresponding Fracture
Half Crack Crack Length, Toughness, ksi inch

Load, kips Length (c + rho) Not adjusted Adjusted for
(c) inch inch Plasticity

8 2.880 2.886 10 9
18 2.880 2.918 22 22
26 2.950 3.036 33 34
36 2.950 3.122 45 46
44 2.975 3.231 56 58
49 2.990 3.331 63 67
56 3.020 3.477 71 78
58 3.025 3.530 74 82
63 3.050 3.687 81 92
67 3.075 3.837 86 100
68 3.080 3.901 88 104
70 3.115 4.025 92 110
73 3.150 4.214 96 119
75 3.240 4.499 101 129
76 3.260 4.627 103 134
78 3.275 4.766 105 140
78 3.365 5.054 107 149
79 3.425 110
79 3.425 110
78 3.540 112
78 3.605 112
76 3.735 112
75 3.865 115
73 3.940 113
74 3.955 114
73 4.000 114

Thickness = .144 inch
Yield = 45.9 ksi
Specimen Width = 18.01 inch
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TABLE K25

FATIGUE RESULTS WITH R-O.1 AND Kt=l.0 FOR

ALCOA 2091-T3 SHEET (0.144" X 48" X 48")

COMPANY ORIENTATION STRESS CYCLES
(KSI)

MCDONNELL DOUGLAS LONG 50.2 65,600 +
ASTRO., CA 45.2 209,000 +

42.0 67,000
40.0 353,000 +
38.1 670,000 +
35.9 84,400 @
35.7 45,700 #
33.1 120,000 @
30.9 340,000
29.1 1,000,000 *

('): INDICATES A RUN-OUT TEST
() : INDICATES FAILURE AT PIN HOLE
(@}: INDICATES FAILURE AT RADIUS
(+): INDICATES SPECIMENS WERE RECONFIGURED AND

HAD SURFACE COATING REMOVED

TABLE K26

FATIGUE RESULTS WITH R=U.1 AND Kt=1.0 FOR

ALCOA 2091-T3 SHEET (0.144" X 48" X 48")

COMPANY ORIENTATION STRESS CYCLES
(KSI)

MCDONNELL DOUGLAS L TRANS 49.9 42,300 +
ASTRO., CA 45.0 87,700 1+

45.0 39,900
39.8 293,000 +
35.0 1,000,000 *+
34.9 385,000 1
33.0 203,000 1
33.0 621,000 1
30.9 1,530,000 *1

(*): INDICATES A RUN-OUT TEST
(#): INDICATES FAILURE AT PIN HOLE
(I)t INDICATES THE SPECIMENS WERE ONLY RECONFIGURED
(+): INDICATES SPECIMENS WERE RECONFIGURED AND

HAD SURFACE COATING REMOVED
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TABLE K27

FATIGUE RESULTS WITH R=0.1 AND Kt-3.0 FOR

ALCOA 2091-T3 SHEET (0.144" X 48" X 48")

COMPANY ORIENTATION STRESS CYCLES
(KSI)

MCDONNELL DOUGLAS LONG 24.9 16,100
ASTRO., CA 21.9 32,200

19.9 109,000
18.0 112,000
18.0 71,250
15.0 294,000
14.9 1,000,000 *
14.0 1,000,000 *
13.0 1,000,000 *

(*): INDICATES A RUN-OUT TEST

TABLE K28

FATIGUE RESULTS WITH R=0.1 AND Kt=3.0 FOR

ALCOA 2091-T3 SHEET (0.144" X 48" X 48")

COMPANY ORIENTATION STRESS CYCLES
(KSI)

--- -----------------------------------------------------------------
MCDONNELL DOUGLAS L TRANS 29.9 10,800
ASTRO., CA 28.1 11,200

26.8 23,700
25.1 34,900
22.1 58,700
19.9 87,400
18.0 135,000
16.0 247,000
14.9 1,000,000
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TABLE K29

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

AGED 16 HOURS AT 335 F

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

GENERAL RT LONG 67.3 56.1 14.2
DYNAMICS, 67.1 56.3 14.3
TEXAS

AVERAGE 67.2 56.2 14.3

STANDARD DEVIATION 0.1 0.1 0.1

TABLE K30

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

AGED 16 HOURS AT 335 F

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%M (%M (MSI)

(DEGREES F) (KSI) (KSI)

GENERAL RT 45 65.3 46.7 19.2
DYNAMICS, 65.6 47.4 19.8
TEXAS

AVERAGE 65.5 47.1 19.5

STANDARD DEVIATION 0.2 0.5 0.4

91



TABLE K31

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48-)

AGED 16 HOURS AT 335 F

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

GENERAL RT L TRANS 70.7 51.3 12.8
DYNAMICS, 70.9 52.8 11.1
TEXAS

AVERAGE 70.8 52.1 12.0

STANDARD DEVIATION 0.1 1.1 1.2

TABLE K32

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

AGED 32 HOURS AT 335 F

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (M% (MSI)

(DEGREES F) (KSI) (KSI)

GENERAL RT LONG 69.6 58.8
DYNAMICS, 69.9 59.4 15.3
TEXAS

AVERAGE 69.8 59.1 15.3

STANDARD DEVIATION 0.2 0.4

92



TABLE K33

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48- X 48")

AGED 32 HOURS AT 335 F

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (HSI)

(DEGREES F) (KSI) (KSI)

GENERAL RT 45 68.8 51.9 17.9
DYNAMICS, 68.1 51.1 18.5
TEXAS

AVERAGE 68.5 51.5 18.2

STANDARD DEVIATION 0.5 0.6 0.4

TABLE K34

TENSILE RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

AGED 32 HOURS AT 335 F

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%M (%) (MSI)

(DEGREES F) (KSI) (KSI)

GENERAL RT L TRANS 73.9 57.0 15.6
DYNAMICS, 74.5 54.5 14.3
TEXAS

AVERAGE 74.2 55.8 15.0

STANDARD DEVIATION 0.4 1.8 0.9
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TABLE K35

KAHN TEAR TEST RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

AGED 16 HOURS AT 335 F

COMPANY ORIENTATION TEAR
STRENGTH

(KSI)

GENERAL DYNAMICS, L-T 81.4
TEXAS 78.8

AVERAGE 80.1

STANDARD DEVIATION 1.9

TABLE K36

KAHN TEAR TEST RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

AGED 16 HOURS AT 335 F

COMPANY ORIENTATION TEAR
STRENGTH

(KSI)

GENERAL DYNAMICS, 45-45 74.6
TEXAS

AVERAGE 74.6

STANDARD DEVIATION
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TABLE K37

KAHN TEAR TEST RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

AGED 16 HOURS AT 335 F

COMPANY ORIENTATION TEAR
STRENGTH

(KSI)

GENERAL DYNAMICS, T-L 78.2
TEXAS 77.3

AVERAGE 77.7

STANDARD DEVIATION 0.6

TABLE X38

KAHN TEAR TEST RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

AGED 32 HOURS AT 335 F

COMPANY ORIENTATION TEAR
STRENGTH

(KSI)

GENERAL DYNAMICS, L-T 76.4
TEXAS 74.6

AVERAGE 75.5

STANDARD DEVIATION 1.3
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TABLE K39

KAHN TEAR TEST RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

AGED 32 HOURS AT 335 F

COMPANY ORIENTATION TEAR
STRENGTH

(KSI)

GENERAL DYNAMICS, 45-45 73.7
TEXAS 74.1

AVERAGE 73.9

STANDARD DEVIATION 0.2

TABLE K40

KAHN TEAR TEST RESULTS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

AGED 32 HOURS AT 335 F

COMPANY ORIENTATION TEAR
STRENGTH

(KSI)

GENERAL DYNAMICS, T-L 74.7
TEXAS

AVERAGE 74.7

STANDARD DEVIATION
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TABLE 41

TEAR-YIELD STRENGTH RATIOS FOR ALCOA

2091-T3 SHEET (0.144" X 48" X 48")

AGED 16 HOURS AT 335 F

COMPANY TENSILE-TEAR TEAR-YIELD
ORIENTATION STRENGTH RATIO

GENERAL DYNAMICS, L/L-T 1.42
TEXAS

LT/T-L 1.48

45/45-45 1.58

L/T-L 1.38

TABLE 42

TEAR-YIELD STRENGTH RATIOS FOR ALCOA

2091-T3 SHEET (0.144- X 48- X 48")

AGED 32 HOURS AT 335 F

COMPANY TENSILE-TEAR TEAR-YIELD
ORIENTATION STRENGTH RATIO

GENERAL DYNAMICS, L/L-T 1.27
TEXAS

LT/T-L 1.34

45, /45-45 1.44

L/T-L 1.26
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STRENGTH DATA for 2091-T3 Aged 16132 Hours at 335oF.
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TABLE K43

TENSILE RESULTS FOR ALCOA

2091-T8X SHEET (0.144" X 48" X 48")

COMPANY TEST ORIENT- ULTImatE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (HSI)

(DEGREES F) (KSI) (KSI)

NORTHROP RT LONG 63.4 53.5 15.6 10.8
63.2 53.3 16.7 10.2
63.7 53.7 14.7 10.5
63.2 53.6 12.6 10.8

AVERAGE 63.4 53.5 14.9 10.6

STANDARD DEVIATION 0.2 0.2 1.7 0.3

TABLE K44

TENSILE RESULTS POR ALCOA

2091-TSX SHEET (0.144- X 48- X 48")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

NORTHROP RT 45 44.3 10.4
63.3 44.1 19.8 10.5
62.4 43.5 17.8 11.8
62.8 44.9 19.2 11.9

AVERAGE 62.8 44.2 18.9 11.2

STANDARD DEVIATION 0.5 0.6 1.0 0.8
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TABLE K45

TENSILE RESULTS FOR ALCOA

2091-TSX SHEET (0.144" X 48" X 48")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (M) (1S I)

(DEGREES F) (KSI) (xSI)

NORTHROP RT L TRANS 67.5 48.7 12.1 10.6
68.2 49.2 12.7 11.2
67.8 48.8 13.1 11.3

AVERAGE 67.8 48.9 12.6 11.0

STANDARD DEVIATION 0.4 0.3 0.5 0.4
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TABLE K46

COMPRESSION RESULTS FOR ALCOA

2091-T8X SHEET (0.144" X 48" X 48")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KSI)

NORTHROP RT LONG 42.7 12.0
42.5 11.5
42.9 11.7

AVERAGE 42.7 11.7

STANDARD DEVIATION 0.3 0.2

TABLE K47

COMPRESSION RESULTS FOR ALCOA

2091-T8X SHEET (0.144" X 48" X 48")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KSI)

----- --------------------------------------------------------------
NORTHROP RT L TRANS 51.5 11.5

51.4 11.3
51.3 11.3

AVERAGE 51.4 11.4

STANDARD DEVIATION 0.1 0.1
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TABLE K48

SLOTTED SHEAR RESULTS FOR ALCOA

2091-T8X SHEET (0.144" X 48" X 48")

COMPANY ORIENTATION SHEAR
STRENGTH

(KSI)

NORTHROP LONG 40.6
40.5
40.5

AVERAGE 40.5

STANDARD DEVIATION 0.1

TABLE K49

SLOTTED SHEAR RESULTS FOR ALCOA

2091-T8X SHEET (0.144" X 48" X 48")

COMPANY ORIENTATION SHEAR
STRENGTH

(KSI)

NORTHROP L TRANS 43.0
43.0
43.2

AVERAGE 43.1

STANDARD DEVIATION 0.1
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TABLE K50

BEARING RESULTS FOR ALCOA

2091-T8X SHEET (0.144" X 48" X 48")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

NORTHROP LONG 1.5 96.8 76.3
92.9 73.6

AVERAGE 94.9 75.0

STANDARD DEVIATION 2.8 1.9

TABLE K51

BEARING RESULTS FOR ALCOA

2091-T8X SHEET (0.063" X 48" X 48")

COMPANY ORIENTATION e/D BEARING BEARING

ULT. STR. YIELD STR.
(KSI) (KSI)

NORTHROP L TRANS 1.5 100.8 76.1
99.3 75.1
97.0 74.0

AVERAGE 99.0 75.1

STANDARD DEVIATION 1.9 1.1
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COMPANY OR I H IAT! BEARING BEARING
ULT. STP. YIELD STR.

(I< iI) (KSI)

NORTHROP LONG 2. 120.7 89.8

122.4 89.1
123.9 91.8

AVEIPAGE 122.3 90.2

STANDARu DEVIATIoN 1.6 1.4

TABLE K53

BEARING RESULTS FOR ALCOA

2091-T8X SHEET (0.144" X 48" X 48")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

NORTHROP L TRANS 2.0 125.6 91.9
126.9 91.0

126.1 94.6

AVERAGE 126.2 92.5

STANDARD DEVIATION 0.7 1.9
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TABLE K54

R-CURVE FRACTURE TOUGINESS RESULTS FOR

ALCOA 2C91-T8X SHEET (0.144" X 48" X 48")

COMPANY SPECIMEN I.D. ORIENTATION KC
(KSI SQRT-IN)

NORTHROP T6RL1 L-T 135.0
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TABLE K55

FATIGUE CRACK GROWTH RATE DATA ASSOCIATED

WITH FIGURE K19 (SPECIMEN T6 FL-A)

CRACK GROWTH TEST OF ALCOA 2091 SPEC T6FL-I

M(T) SPECIMEN TYPE L-T ORIENTATION

TEMP a 80 REL HUM a 95 Z 11-MAY-89

W a 2.9998 IN 8 a .142 IN R = .1

FREQUENCY a 10 HZ HUMID AIR ENVIRONMENT

GRID SPACING a .05 IN FILE CODES RKItCO0145.DDN

YIELD STRESS = 54 KSI FITO CODEt RK1%C00145.DF0

SPECIMEN TbFL-1 MIT) 8PECIMEN TYPE
----------------------------------------------------------------

REF K-MAX 2A 2A/M K-BAR DELTA DA/DN VALID
# IN K-BAR INICYC PER A9TM

----------------------------------------------------------------
4.9 .3041 .1014 5 4.5 1.08794E-07 v

2 5.09 .3281 .1094 5.29 4.76 1.91278E-07 Y
3 5.48 .3781 .126 5.68 5.11 1.81063E-07 Y
4 5.88 .4326 .1442 6.06 5.46 2.16216E-07 Y5 6.25 .4846 .1615 6.74 6.07 4.36765E-07 Y
6 7.22 .6331 .211 8.02 7.22 3.21250E-06 Y
7 8.81 .8901 .2967 9.16 8.25 5.45231E-06 Y
8 9.51 1.0046 .3349 9.92 8.93 7.73530E-06 Y9 10.34 1.1361 .3787 10.83 9.75 1.04138E-05 Y
10 11.33 1.2871 .4291

11.97 10.77 1.47200E-05 V
11 12.64 1.4711 .4904 13.39 12.05 1.74545E-05 Y
12 14.18 1.6631 .5544

15.58 14.02 3.49405E-0S Y
13 17.13 1.9566 .6522 27.14 24.43 1.45651E-04 Y
14 48.43 2.8206 .9403
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TABLE K56

FATIGUE CRACK GROWTH RATE DATA ASSOCIATED

WITH FIGURE K19 (SPECIMEN T6 FL-3)

CRACK GROWTH TEST OF ALCOA 2091 SHEET SPEC T6FL-3

M(T) SPECIMEN TYPE L-T ORIENTATION

TEMP a 78 REL HUM = 95 Z 28-JUN-89

W a 3 IN B a .1411 IN R a .33

FREQUENCY a 10 HZ HUMID AIR ENVIRONMENT

GRID SPACING a .05 IN FILE CODE: RKI:DOOO45.DDN

YIELD STRESS a 53.5 KSI FITO CODE: RKI:D0O045.DFO

SPECIMEN T6FL-3 M(T) SPECIMEN TYPE

REF K-MAX 2A 2A/W K-BAR DELTA DA/DN VALID
0 IN K-BAR IN/CYC PER ASTM

1 6.59 .5301 .1767
6.76 4.53 3.15625E-07 Y

2 6.93 .5806 .1935
7.07 4.73 3.54167E-07 Y

3 7.2 .6231 .2077
7.4 4.96 7.87500E-07 v

4 7.6 .6861 .2287
7.76 5.2 9.79999E-07 Y

5 7.91 .7351 .245
8.05 5.39 1.100OOE-06 Y

6 8.18 .7791 .2597
8.45 5.66 2.18750E-06 Y

7 8.72 .8666 .2889
9.03 6.05 3.38333E-06 Y

8 9.35 .9681 .3227
9.56 6.41 3.46500E-06 Y

9 9.78 1.0374 .3458
10.06 6.74 5.63750E-06 Y

10 10.35 1.1276 .3759
10.52 7.05 4.500OOE-06 Y

11 10.7 1.1816 .3939
10.85 7.27 5.87502E-06 Y

12 11.01 1.2286 .4095
11.22 7.52 6.44999E-06 Y

13 11.44 1.2931 .431

11.71 7.84 7.70000E-06 Y
14 11.98 1.3701 .4567

12.26 8.21 9.81249E-06 Y
15 12.55 1.4486 .4829

12.84 8.6 1.26667E-05 Y
16 13.13 1.5246 .5082

13.3 8.91 1.07500E-05 Y
17 13.47 1.5676 .5225

13.71 9.18 1.45000E-05 Y
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TABLE K57

FATIGUE CRACK GROWTH RATE DATA ASSOCIATED

WITH FIGURE K20 (SPECIMEN T6 FL-1)

CRACK GROWTH TEST OF ALCOA 2091 SHEET SPEC T6FT-I

MOT) SPECIMEN TYPE T-L ORIENTATION

TEMP a 80 REL HUl a 95 % 12-JUL-89

W a 3 IN 3 a .1424 IN R a .1

FREQUENCY a 10 HZ HUMID AIR ENVIRONMENT

GRID SPACING a .05 IN FILE CODE' RK1000046.DDN

YIELD STRESS a 49 KSI FITO CODE' RKISDOOO47.DFO

SPECIMEN T6FT-I N(T) SPECIMEN TYPE
-------------------------------- ------------------------------------
REF K-MAX 2A 2A/I K-SAR DELTA DA/DN VALID

a IN K-BAR INICYC PER ASTH

1 5.57 .1437 .0479
6.27 5.64 1.93750E-07 Y

2 6.92 .2212 .0737
7.89 7.1 8.28125E-07 Y

3 8.8 .3537 .1179
12.19 10.97 7.56875E-06 Y

4 15.35 .9592 .3197
18.52 16.66 2.93750E-05 Y

5 21.97 1.5467 .5156
22.81 20.53 6.17500E-05 Y

6 23.67 1.6702 .5567
24.36 21.93 9.30001E-05 Y

7 25.08 1.7632 .5877
.25.63 23.07 6.84999E-05 Y

6 26.2 1.8317 .6106
26.84 24.15 7.35000E-05 Y

9 27.49 1.9052 .6351
28.62 25.76 1.17000E-04 Y

10 29.8 2.0222 .6741
30.82 27.74 2.287SIE-04 Y

11 31.88 2.1137 .7046
32.7 29.43 2.51922E-04 Y

12 33.55 2.1792 .7264

110



TABLE K58

FATIGUE CRACK GROWTH RATE DATA ASSOCIATED

WITH FIGURE K20 (SPECIMEN T6FT-3)

CRACK GROWTH TEST OF ALCOA 2091 SPEC TBFT-3

M(T) SPECIMEN TYPE T-L ORIENTATION

TEMP a 80 REL HUM - 50 % 08-06-89

u m 3.0002 IN B - .1425 IN R a .33

FREQUENCY - 10 HZ LAD AIR ENVIRONMENT

GRID SPACING a .05 IN FILE CODES RKI:A00702.DDN

YIELD STRESS - 54 KSI FITO CODES RKISAOO702.DFO

SPECIMEN T6FT-3 M(T) SPECIMEN TYPE
------------------------------------------------------------------

REF K-MAX 2A 2A/W K-DAR DELTA DA/DN VALID
IN K-DAR IN/CYC PER AST"

1 5.31 .2652 .0884
5.38 3.6 5.72917E-08 Y

2 5.45 .279 .093
5.68 3.8 1.93582E-07 Y

3 5.9 .3257 .1086
6.46 4.33 2.06557E-07 Y

4 6.99 .4517 .1506
7.29 4.88 3.29422E-07 Y

5 7.58 .5247 .1749
7.98 5.34 5.51316E-07 Y

6 8.37 .6294 .2098
8.67 5.81 8.59134E-07 Y

7 8.98 .7127 .2376
9.42 6.31 1.77857E-06 Y

8 9.87 .8372 .279
10.54 7.06 2.69286E-06 Y

9 11.21 1.0257 .3419
11.41 7.64 2.70000E-06 Y

1o 11.6 1.0797 .3599
12.11 8.11 3.985512-06 Y

11 12.63 1.2172 .4057
.12.86 8.61 4.05405E-06 Y

12 13.09 1.2772 .4257
13.36 8.95 4.72222E-06 Y

3 13.63 1.3452 .4484
14.19 9.51 5.44355E-06 Y

14 14.77 1.4802 .4934
15.06 10.09 6.55000E-06 Y

15 15.36 1.5457 .5152
17.12 11.47 7.40938E-06 Y

16 19.08 1.8932 .631
19.51 13.07 1.01515E-05 Y

17 19.96 1.9602 .6334
20.22 13.55 1.24167E-05 Y

18 20.48 1.9975 .6658
21.05 14.1 1.52499E-05 Y

19 21.64 2.0737 .6912
22.17 14.85 2.14167E-05 Y

20 22.71 2.1379 .7126
23.53 15.76 2.94166E-05 y

21 24.38 2.2262 .742
26.72 17.9 4.02000E-05 Y

22 29.4 2.4272 .809
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APPENDIX L

2091-T8 0.5 Inch Plate
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TABLE Li

TENSILE RESULTS FOR ALCOA

2091-T8 PLATE (0.5" X 48" X 48")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%M (%M (HSI)

(DEGREES F) (KSI) (KSI)

MARTIN RT LONG 74.8 62.1 11.0 11.4
MARIETTA, 74.2 61.4 11.0 10.8
LOUISIANA 75.2 62.3 10.0 11.4

AIR FORCE RT LONG 76.2 64.0 8.9 16.2
75.6 63.4 9.4 17.0
75.3 62.8 8.6 15.1

AVERAGE 75.2 62.7 9.8 13.7

STANDARD DEVIATION 0.7 0.9 0.4 1.1

TABLE L2

TENSILE RESULTS FOR ALCOA

2091-T8 PLATE (0.5" X 48" X 48")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%M (MSI)

(DEGREES F) (KSI) (KSI)

AIR FORCE RT 30 71.6 52.9 11.6 16.2
71.6 53.2 11.7 18.4

AVERAGE 71.6 53.1 11.7 17.3

STANDARD DEVIATION 0.0 0.2 0.1 1.5
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TABLE L3

TENSILE RESULTS FOR ALCOA

2091-TB PLATE (0.5" X 48" X 48")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (s) (M) (HSI)

(DEGREES F) (KSI) (KSI)

AIR FORCE RT 45 64.0 46.6 19.4 32.9
63.6 45.9 19.1 35.5
63.6 45.9 19.6 33.6

AVERAGE 63.7 46.1 19.4 34.0

STANDARD DEVIATION 0.2 0.4 0.3 1.3

TABLE L4

TENSILE RESULTS FOR ALCOA

2091-T8 PLATE (0.5" X 48" X 48")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (M) (%) (MSI )

(DEGREES F) (1SI) (KS)

MARTIN RT L TRANS 72.9 55.0 14.0 18.8
MARIETTA, 72.2 54.1 14.0 18.8
LOUISIANA 73.5 55.0 14.0 14.2

AIR FORCE RT L TRANS 73.6 55.6 12.1 24.9
73.8 55.7 11.5 24.5
73.8 55.4 13.0 22.7

AVERAGE 73.3 55.1 13.1 20.7

STANDARD DEVIATION 0.6 0.6 1.1 4.1
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TABLE L5

COMPRESSION RESULTS FOR ALCOA

2091-TB PLATE (0.5" X 48" X 48")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (MSI)

MARTIN RT LONG 52.2 11.8
MARIETTA, 51.4 11.8
LOUISIANA 52.4 11.8

AVERAGE 52.0 11.8

STANDARD DEVIATION 0.5 0.0

TABLE L6

COMPRESSION RESULTS FOR ALCOA

2091-T8 PLATE (0.5" X 48" X 48")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KSI)

MARTIN RT L TRANS 57.9 11.9
MARIETTA, 58.8 11.9
LOUISIANA

AVERAGE 58.4 11.9

STANDARD DEVIATION 0.6 0.0
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TABLE L7

FRACTURE TOUGHNESS RESULTS FOR ALCOA

2091-T8 PLATE (0.5" X 48" X 48")

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in^0.5) (KSI in-0.5)

MARTIN L - T 33.8 INVALID(1)
MARIETTA, 31.1 INVALID(l)
LOUISIANA 37.4 INVALID(l)

AVERAGE 34.1

STANDARD DEVIATION 3.2

(1): SPECIMEN SIZE TOO SMALL

TABLE L8

FRACTURE TOUGHNESS RESULTS FOR ALCOA

2091-T8 PLATE (0.5" X 48" X 48")

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in^0.5} (KSI in^0.5}

MARTIN T - L 34.0 INVALID(1)
MARIETTA, 37.8 INVALID(1)
LOUISIANA 37.4 INVALID(1)

AVERAGE 36.4

STANDARD DEVIATION 2.1

(1): SPECIMEN SIZE TOO SMALL
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TABLE L9

POST-OVERLOAD FATIGUE TEST RESULTS for 2091-T8

0.5 INCH PLATE and 2091-T83 0.144 INCH PLATE

R=0.05 LABAMR de-te.K=6.0 kd(m)..5 ONEOVERLAD CY(cE PpIED

do/lN @ O.L. DELAY CYCLES

% O.L _ _W PciPm (H-tcvQ ov10".I)

PLATE SPECIMEN THICKNESS - 0.250"

o 0.39 0.402 0.184 171.7
80 0.463 0.456 0.190 146.7
80 0.550 0.449 0.414 93.4
8o 0.600 0." 0o.A3 96.6

PLATE SPECIMEN THICKNESS • 0.140"

8o 0.401 0.645 0.097 owra
80 0.447 0.603 0.0" m

so 0.407 0.535 0.135 137.6
60 0.415 0.840 0.07 wm
6o 0.484 0.564 057 901.0
60 0.502 0.647 0.149 128.7
so 0.541 0.O00 0.140 72.8
w0 0.654 0.933 0.120 59.0
60 0.696 0.574 0.107 71.5

SHEET SPECIMEN THICKNESS * 0.140"

60 0.264 0.516 1=' 13.2
60 0.276 0.511 0.696 31.6
60 0.314 0.505 2.435 17.4
s0 0.315 0.501 1.381 10.7
so 0.34 0.483 1.133 30.3
so 0.366 0.45 2.486 13.8
s0 0.400 0.413 2.331 22.0
60 0.447 0.446 1.24 14.3
s0 0.516 0.37" 3.143 11.6
60 0.574 0.344 3127 10.3
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Al 2091 -T8
200-

000oo PLATE

a a 0 o SHEET
V)
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__J(9 0
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0
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FIGURE L1. A Comparison of Delay Cycles Due to Fatigue Crack
Growth Retardation for a 60 Percent Overload Cycle
at a stress Intensity of 6 KSIF in 2091-T81 Plate
Versus 2091-T83 Sheet. Thickness of the Compact
Tension Specimens Used for Plate and Sheet was
0.144 Inch.
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150

(V)

1-100
00

Al 2091 -T8 plate
<: -80% Overload
.J 50 A K = 6 KSlvf'n

LU Thickness,B = 0.25 in
R= 0.05
15 hz.
720F
Lob air

0.30 0.40 0.50 0.60 0.70

a/W

FIGURE L2. Delay Cycles Due to Fatigue Crack Growth
Retardation for an 80 Percent Overload Cycle at
a Stress Intensity Range of 6 KSIg, in 2091 -T81
Plate, with a Specimen Thickness of 0.250 Inch.
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FIGURE L3. A Comparison of the Crack Closure Level
Prior to the Application of a 60 Percent
Overload Cycle. Note the Larger Level of
Crack Closure in the Plate as Compared to
Sheet Which Correlates with the Overload
Delay Cycles.
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TABLE L10

POST-OVERLOAD RECOVERY EXTENSION

IN 2091 PLATE AND SHEET

deft.K- 6.0 NMQl) .5 Onm Ovedod Cycle AppEbd
15 hz. Lab Air R-.05 Clock Tip Pilc Zone-0.00=4 (n)

dm/dN O.L cculwat MIno Post O.L Recowly
wW Pumno• Zonew? d On)

PLATE (250 In. 9"
60 PERCENT OVERLOAD

0.369 0.184 Yes 0.02D
0.463 0.190 Yes 0.025
0.55m 0.414 Yes 0.025
0.800 0.369 Yes 0.015

PLATE (.144 In. 0Uch1
60 PERCENT OVERLOAD

0.401 0.007 Yes wnet
0.447 0.O98 No wrest

PLATE (.144 In. Uf"ci
O0 PERCENT OVERLOAD

0.407 0.135 NO 0.015
0.415 0.078 No Tares
0.484 0.057 No 0.024
0.502 0.149 NO 0.016
0.541 0.140 NO 0.015
0.654 0.120 NO o.009
0.096 0.107 Yen 0.016

SHEET (.144 In. UIWcO
6o PERCENT OVERLOAD

0248 1.27 Yea 0.016
0.276 0.006 Yem 0.015
0.314 2.435 Yes 0.042
0.315 1.361 Ye" 0.020
0.340 1.133 NO 0.020
0.368 2.495 Yes 0.026
0.400 3.331 Yea 0.025
0.447 1.624 Yes 0.016
0.516 3.143 NO 0020
0.574 3.A27 Ye" 0.02O
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10-,

LIJ
-1 60 PERCENT OVERLOAD
U 2091-T83 SHEET
>-- L330L60B

C-

0 ) 10

-0

~121

~0

-0.05 -0.03 -0.01 0.01 0.03 0.05
crack extension after overload (in)

FIGURE L4. Crack Velocity Versus Post-Overload Crack
Extension for Alloy 2091-T83 Sheet.
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W_ " 60 PERCENT OVERLOAD
0_. 2091 -T81 PLATE
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U 10-'

0
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\,10 -27-
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1 c3
-0.05 -0.03 -0.01 0.01 0.03 0.05

crack extension after overload (in)

FIGURE L5. Crack Velocity Versus Post-Overload Crack
Extension for Alloy 2091-T81 Plate 0.144 Inch
Thick Specimen.
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FIGURE L6. Crack Velocity Versus Post-Overload Crack
Extension for Alloy 2091 -T81 Plate 0.250 Inch
Thick Specimen.
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APPENDIX M

8090-48 Hat Extrusion and 8090-T8771 L-Extrusion
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0.79 1.58 0.157 outside rad.
(typ.)

1.38
.0079 inside rad.

(typ.)
U L:

0.079- 3.15

ALL DIMENSIONS ARE IN INCHES

FIGURE Mi. 8090-T8 HAT EXTRUSION GEOMETRY.

R=0.125 0.60
1.55

4.00

[-1-Radius f or MtI outside corners=0.05

• --1.55 ---.

ALL DIMENSIONS ARE IN INCHES

FIGURE M2. 8090-T8 L-EXTRUSION GEOMETRY.
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TABLE M1

TENSILE RESULTS AT t/2 LOCATION FOR

ALCOA 8090-TS HAT EXTRUSION

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA COMMENT
TEMP ATION STRENGTH STRENGTH (M) (%)

(DEGREES F) (KSI) (KSI)

ARMY-MTL RT LONG 62.5 55.4 4.1 3.9 TOP
62.8 56.0 5.5 5.7 TOP
63.3 55.6 5.1 5.5 TOP
63.5 56.7 4.3 5.9 TOP
62.8 55.9 4.7 5.3 TOP
62.9 56.3 3.8 4.5 TOP

AVERAGE 62.9 56.0 4.6 S.1

STANDARD DEVIATION 0.4 0.4 0.6 0.8

TABLE K42

TENSILE RESULTS AT t/2 LOCATION FOR

ALCOA 8090-T8 HAT EXTRUSION

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA COMMENT
TEMP ATION STRENGTH STRENGTH (1k) (r%)

(DEGREES F) (KSI) (KSI)

ARMY-MTL RT LONG 64.1 56.6 4.5 4.1 BOTTOM
63.4 57.1 3.3 3.6 BOTTOM
64.3 54.7 S.0 5.3 BOTTOM
63.5 56.3 5.7 5.9 BOTTOM
63.1 55.9 3.5 4.2 BOTTOM
61.9 55.4 4.2 6.5 BOTTOM

AVERAGE 63.4 56.0 4.4 4.9

STANDARD DEVIATION 0.9 0.9 0.9 1.1
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TABLE M3

TENSILE RESULTS AT t/2 LOCATION FOR

ALCOA 8090-T8 HAT EXTRUSION

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA COMMENT
TEMP ATION STRENGTH STRENGTH (%) (%)

(DEGREES F) (KSI) (KSI)

ARMY-MTL RT LONG 64.0 55.7 5.6 5.8 SIDE
64.3 56.9 4.1 4.2 SIDE
64.1 57.0 4.8 5.7 SIDE
64.7 57.4 4.5 4.1 SIDE
65.2 57.8 5.5 3.7 SIDE
64.5 57.3 5.5 4.6 SIDE

AVERAGE 64.5 57.0 5.0 4.7

STANDARD DEVIATION 0.4 0.7 0.6 0.9

128



TABLE M4

BEARING RESULTS FOR ALCOA

8090-TS HAT EXTRUSION

COMPANY ORIENTATION e/D BEARING BEARING COMMENT
ULT. STR. YIELD STR.

(KSI) (KSI)

ARMY-MTL LONG 1.5 85.9 74.2 TOP
87.5 73.4 TOP
85.6 75.2 TOP

AVERAGE 86.3 74.3

STANDARD DEVIATION 1.0 0.9

TABLE MS

BEARING RESULTS FOR ALCOA

8090-TS HAT EXTRUSION

COMPANY ORIENTATION e/D BEARING BEARING COMMENT
ULT. STR. YIELD STR.

(KSI) (KSI)

ARMY-MTL LONG 1.5 91.7 81.6 SIDE
95.4 80.9 SIDE
93.2 80.1 SIDE

AVERAGE 93.4 80.9

STANDARD DEVIATION 1.9 0.7
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TABLE K6

BEARING RESULTS FOR ALCOA

8090-T8 HAT EXTRUSION

COMPANY ORIENTATION e/D BEARING BEARING COMMENT
ULT. STR. YIELD STR.

(KSI) (KSZ)

ARMY-KTL LONG 2.0 98.9 78.6 TOP
104.0 82.5 TOP
106.2 81.5 TOP

AVERAGE 103.0 80.9

STANDARD DEVIATION 3.7 2.0

TABLE H7

BEARING RESULTS FOR ALCOA

8090-TB HAT EXTRUSION

COMPANY ORIENTATION elD iEARING BEARING COMMENT
ULT. STR. YIELD STR.

(KSI) (KSI)

ARMY-MTL LONG 2.0 116.3 89.0 SIDE
111.6 89.0 SIDE
112.9 89.9 SIDE

AVERAGE 113.6 89.3

STANDARD DEVIATION 2.4 0.5
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TABLE M48

TENSILE RESULTS AT t/2 LOCATION FOR
ALCOA 8090-T8771 "L" EXTRUSION

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (SI)

(DEGREES F) (KSI, (KSI)

ARMY-MTL RT LONG 76.0 69.6 2.8 10.9
68.8 57.5 3.2 11.0
70.8 58.0 4.7 11.3
69.8 58.0 5.2 11.1
69.4 59.0 3.4 10.8
69.4 58.0 4.1 11.3

MARTIN RT LONG 72.1 64.9 5.0 4.9 (1)
MARIETTA, LA 70.3 60.1 6.0 6.3 (1)

70.4 59.6 5.0 3.3 (1)
79.5 76.8 5.0 4.1 (2)
79.5 76.3 3.0 3.9 (2)
78.9 76.8 5.0 4.1 (2)

AVERAGE 73.0 64.8 4.6 4.4 11.1

STANDARD DEVIATION 4.4 8.4 0.9 1.0 0.2

(1): THICK SECTION
(2): THIN SECTION
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TABLE M9

TENSILE RESULTS AT t/2 LOCATION FOR

ALCOA 8090-T8771 "L" EXTRUSION

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E

TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)
(DLZUs 7) (KSI) (KSI)

ARMY-NTL RT L TRANS 68.2 52.8 6.3 11.0

68.4 53.8 5.0 10.8

68.6 53.0 6.5 10.6

68.0 52.5 6.5 10.3

67.5 54.0 4.1 11.0

68.5 53.5 5.9 10.8

MARTIN RT L TRANS 69.9 55.1 8.0 11.0 (1)

MARIETTA, LA 69.6 55.4 7.0 8.0 (1)
70.0 55.2 8.5 9.0 (1)

AVERAGE 68.7 53.9 6.4 9.3 10.8

STANDARD DEVIATION 0.9 1.1 1.4 1.5 0.3

(1): THIN SECTION
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TABLE M1O

TENSILE RESULTS AT t/2 LOCATION FOR
ALCOA 8090-T8771 "L" EXTRUSION

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (M5I)

(DEGREES F) (XSI) (KSI)
------ ----------------------------------------------------------

ARMY-MTL RT S TRANS 66.5 51.0 6.0 9.9
58.3 43.0 8.0 9.6
67.0 52.0 8.0 9.8

AVERAGE 63.9 48.7 7.3 9.8

STANDARD DEVIATION 4.9 4.9 1.2 0.2
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TABLE Mll

COMPRESSION RESULTS AT t/2 LOCATION FOR
ALCOA 8090-T8771 "L" EXTRUSION

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KSI)

ARMY-MTL RT LONG 65.3 10.6
54.6 10.4
53.8 11.1
61.7 9.9
52.8 11.9
53.9 10.8

MARTIN RT LONG 49.8 11.5 (1)
MARIETTA, LA 43.4 (1)

50.0 11.9 (1)
54.1 11.9 (2)
47.9 11.8 (2)
47.7 11.8 (2)

AVERAGE 52.9 11.2

STANDARD DEVIATION 6.0 0.7

(1): THICK SECTION
(2): THIN SECTION
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TABLE M12

COMPRESSION RESULTS AT t/2 LOCATION FOR
ALCOA 8090-T8771 "L" EXTRUSION

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRUEOTH MODULUS
(DEGREES F) (KS1) (KSI)

ARMY-MTL RT L TRANS 58.2 9.5
59.9 11.9
58.8 13.4
55.7 11.8
58.1 11.3
64.7 8.9

MARTIN RT L TRANS 52.0 11.9 (1)
MARIETTA, LA 49.8 11.7 (1)

49.8 11.8 (1)

AVERAGE 56.3 11.4

STANDARD DEVIATION 5.0 1.4

(1): THICK SECTION
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TABLE U13

COMPRESSION RESULTS AT t/2 LOCATION FOR
ALCOA 8090-T8771 "La EXTRUSION

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KSI)

ARMY-MTL RT S TRANS 51.5 10.1
52.0 11.2
52.0 11.5

MARTIN RT 8 TRANS 50.1 11.7 (1)
MARIETTA, LA 50.2 11.8 (1)

50.1 11.4 (1)

AVERAGE 51.0 11.3

STANDARD DEVIATION 0.9 0.6

(1): THICK SECTION
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TABLE 4M14

RIVET SHEAR RESULTS FOR ALCOA
8090-T8771 "L" EXTRUSION

COMPANY ORIENTATION SHEAR
STRENGTH

(KSI)

ARMY-mT LONG 40.7
41.4
45.0
39.6
41.4
39.9

AVERAGE 41.3

STANDARD DEVIATION 2.3

TABLE M15

RIVET SHEAR RESULTS FOR ALCOA
8090-T8771 "Ln EXTRUSION

COMPANY ORIENTATION SHEAR
STRENGTH

(KSI)

ARNY-MTL L TRANS 38.3
37.5
35.5
38.7
38.0
36.8

AVERAGE 37.5

STANDARD DEVIATION 1.4

137



TABLE 3116

FRACTURE TOUGHNESS RESULTS FOR
ALCOA 8090-T8771 "L" EXTRUSION

COMPANY ORIINTATION KIC Kq COMMENT
(KSI Ln-O.S) (KSI inAO.5)

ARKY-MTL L-T 31.9 (1)
32.9 (1)
30.2 (1)
29.0 (1)

MARTIN L-T 33.1 (1)
MARIETTA, LA 38.5 (1)

36.3

AVERAGE 36.3 32.6

STANDARD DEVIATION 3.3

(1): IbVALID DUE TO B < 2.5(KQ/Fty)A2
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TABLE M17

* FRACTURE TOUGHNESS RESULTS FOR

ALCOA 8090-T8771 OL KXTRUSION

COMPANY ORIENTATION KIC Kq COMMENT
(ESI in'0.5) (KSI W0A.5)

ARMY-MTL T-L 29.8 (1),(2)
28.9 (1),(2)
30.8 (1),(2)
30.2 (1),(2)

*30.9 (1),(2)

MARTIN T-L 20.2
MARIETTA, LA 19.7

18.0

AVERAGE 19.3 30.1

STANDARD DEVIATION 1.2 0.8

(1)z INVALID DUS TO Pmax/Pq > 1.10

(2): INVALID DUE To B < 2.5(KQ/Fty)Ak2
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TABLE M18

FRACTURE TOUGHNESS RESULTS FOR
ALCOA 8090-T8771 "L" EXTRUSION

COMPANY ORIENTATION KIC Eq COMMENT
(KSI in^0.5) (KSI in#O.5)

ARMY-MTL S-L 22.6
22.6
22.7
22.4
22.3
21.5

AVERAGE 22.4

STANDARD DEVIATION 0.4

TABLE 119

FRACTURE TOUGHNESS RESULTS FOR
ALCOA 8090-T8771 "L" EXTRUSION

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in^0.5) (KSI in-0.5)

MARTIN S-T 19.2 (1)
MARIETTA, LA 21.7 (1)

20.9

AVERAGE 20.9 20.5

STANDARD DEVIATION 1.8

(1): INVALID DUE TO Pmax/Pq > 1.10
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TABLE 920

FATIGUE RESULTS WITH R-0.1 AND Ktul.O FOR
ALCOA 8090-T8771 "L" EXTRUSION

COMPANY ORIENTATION STRESS CYCLES
(KSI)

ARMY-MTL LONG 47.5 30,000
39.3 164,000
30.1 1,411,000
28.0 3,639,000
27.8 171,000
27.5 11,787,000
26.2 10,382,000

(*): RUN OUT
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FIGURE M3. FATIGUE RESULTS FOR 8090-T8 771

L-EXTRUSION (R-0.1 AND Kt-1 .0).
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Fatigue Crack Growth Rate for 8090-T8
Extrusion, L-T Orientation

10 -4 ,. . ,' 
-

Specimen R K-Qd Tweq.
LT-2 .1 0 7OF.
LT4 .3 0 AM

105 S.ir
*Speckimn LT-2

* Specimen LT-6
" " U

S:/
104

U

10"71• • • • :

1 6K Winch 1O0

FIGURE M4. FATIGUE CRACK GROWTH RATES for
8090-T8771 L-Extrusion (L-T Orientation).
Martin Marietta.
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TABLE M21
FATIGUE CRACK GROWTH RATE DATA ASSOCIATED WITH FIGURE M4

(Specimen P-4 11 -LT-2)
Io CPU K Gralmst 0

Suml%" .l 71•in h' Ladd 105 obw

Slbsk 69-Ta AL-iim, Ladd 1060 am
iOt P-411-LT-2 Too Mode: In

Yeld w S0,0t9b 0.09l 0pDi Pt kt. 0.01 kudi
Moduasb of Emifhi* 11=.,333 pi Min GrMth dRd 0.000001 kc,
coo Pae 2 CrarpISmop: 2
Crack Plnow LT plocym 200
Geanwby. I upper Sb"p Idif as

Wll:1.1967 Loa S~lop t1h 15

Thlmw 0.595 No Of Sbp AG. 5
He pw (MD) 0 CoaWbom Coruc*m 1.21440
Enkonment AIR NIMk Longo: 0.4757 kv*
Taniperur: as Praaadc Lank 0.52566 wc
Humi 72 Pv.@as Cyci 562511

Wavweori 1 Procrack Max Load 1206.64 be.
Teo FrmWe 30 PwI ad Min Load 120.819 Ib
Tad Type: 1 spoit 33

Cyd. C DIck Longo. inch WM inchl/de C. Psi "qn rich Dao" Load, be.
85101 0.5m5 0 0 948217

132024 0.53w 0 0 949.682
178420 0.5450 0 0 965.056
190090 0.5m 2.74E07 12372 947.24
250561 0.5m6 3.64E-07 12966 5.206
00.5784 4.68E-07 13258 952.125

306150 0,5606 &02E-07 13624 949.194
323275 o.6000 7.27E-07 14150 967.01
33675 0.6101 8.74E-07 14320 947.24
347470 0.6205 i.iE-OC 14815 961.637
50.6m3 1.41E-06 15450 967.01

3645 0.6417 1.49E- 15600 9.056
370025 0.6661 1.l8E-06 16176 964.079
379760 0.690 2.0E-0 17061 965.0566
36662 0.679 VO7E-06 17663 969.941
390 0.911 3,33E-06 18187 954.079
391960 0.7015 3.77E-06 18612 953.5"1
390 0.7130 4.5E-M 19617 90.453
39736 0.7230 5.48E-06 20136 967.01
399430 0.7327 6OE-06 20929 967.499
401145 0.7449 7.65E-06 21847 962.872
4026 . 0.7009 9.15E-06 23123 969.941
404565 0.7750 i.07E- 23986 9.712
405610 0.7674 1.16E-06 25660 9.84
40650 0.8012 1.25E-06 26206 967.758
407690 0.8146 1.4" 31369 066.315
4067 0.261 1.5E-05 33285 977.528
400760 0.8441 0 0 979.971
410165 0.6568 0 0 M70.482
410686 0.8707 0 0 960.948
411240 0.8812 0 0 908-276
411610 0.6071 0 0 99.56
411966 0.9215 0 0 967.296

Fdv Cycb: 412200
Las Courl: I
Lad Com 2: 1
Span: 100
Man: 0
d6lN nmdod 2
Poy pokt: 7
SIMe nm Id 1050.32 bs.

mt nm Ic 13670.1 psi aqtd bi

TaOM wan pednmd wUh fth "CGA Crack Gow rpWi fto kodsled n Veunon 1.54.
The an* bngli were ced basad on the " nuoms wa tL
11. def ~weasaved ualg tse 7 paled poilomo a mehod.
Tim paed Pmot bead of 1207 ba. susad hin a dame 13% Nhw~e Mon~ to k"l Pi as NI oad of 1060 be id.
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TABLE M22
FATIGUE CRACK GROWTH RATE DATA ASSOCIATED WITH FIGURE M4

(Specimen P-41 1 -.LT-6)
Opera-cam K 0IawwU 0
Saffpi d*m. 7r2062 Mm LOA 31516

6ouna060-10 ANSA Max LOst 1050
10 W. P-411-LT4 Tea Mods: I
Yield Susi• 9. OS0 pm 0"3 Pt lro* 0.01 ,nw

Moduluas a wai I 1••.333 pea Mm GMioe Rale: 0.000001 .rh
00 Pow 2 Coamo Slow 2

Crack P~w LT Pbuyde 200
GeamtWr:. I Lipue Slpe Lw "6
W12•o n:lc Lew Slopa Lowl Is
S0.5113 mch No of SlIpM Ave: I
NM wi (MTn 0 Cian"le Cor.: 1.01217

ErNOnmMn- AIR Naoch Longet 0.402190
To"werlc:. 70 deu. F. P soc Lmn g t 0.5406 ich

KAt 72% Pfauec t0cee 501
WuMlan I Pvecaud leax Lost 11061.5 Me.
Tet Fusfeny. 30 .2 Prc-ack Mm Lo@ 327.306 Ib

Test Type: I 39@mW 42

Old-t Crack Leti. rich dm4t. ,=*cyce dl(. pa up sh 0Deft LoIA. be.

i10 0.496 0 0 740.107

38166 0.494 0 0 712.32

5s310 0.503 0 0 735.222

11006 0.514 0 0 740.107

100131 0.524 6.52E-07 9107 742.55

113915 0.5w1 7.74E-07 330 744.903

136210 0.547 9.5•E-07 602 714.763

146•5o 0.?7 f. 14.•40 100ro 740.837

1S1025 0.570 1.19E-0 907 737.N66

1572K6 0.57" 127E.0 10343 740.117

12m0 0.5w 1.40".u lO00 764.5=

17331o 04.00 1.4E.06 11020 752.32

111400 0800 1.51E-0S 11572 754.7M3

137530 0.320 1.42E-0 1146 744.903

104030 0.63 1`70.06 12015 754.763

1906720 0 1.71D-03 12191 746.873

204275 0.648 1.2E-03 12656 757 206

209510 0.610 1.92E-06 12664 740.879

217715 0.672 117"-06 13531 752.32

222070 0.681 2.4AK-0 14216 769.419

22532 0.691 2.77E-06 14485 764.533

22865 0.700 .2I1-06 150M 774.304

232250 0.710 3836-06 15457 766.976

235010 0.719 4.55.-06 15963 762.061

257200 0.730 S45.N06 16734 T7.746

239155 0.741 3,57-06 17246 771.861

240470 0.750 T.49.06 I M02 701.419

241940 0.760 3.771-0w 49171 774.304

24277 0.769 9.93e-o 180a48 771.861

243026 0.761 1.19-06 19024 774.304

244835 0.700 1.-05 21135 716.517

245•50 0.760 I.57E-05 21593 786.&17

246195 0.811 1.80E-06 21730 764.074

246710 0.o21 2.01e-05 23604 78.959

247305 0.834 2.36E-0 28121 70.950

247320 0.845 2.70E-0 22733 801.172

248170 0.854 3.22E-0 41777 706.287

248525 O.86 0 0 793.M45

248830 0.878 0 0 7M3.845

249155 0.8M 0 0 906.5

243•50 0.905 0 0 800.S

249465 0.918 0 0 813.385
Fil Cycle: 240,M.
Lasl CwgvL 43
Last Cooun 2 1

* Sparc 0Ot sleart 0
MemO0

dA/d mewwta I

Pofy poiktt 0
Sbet• max toea 1062.76 Ia.

Str mam c A 1489 per snihm

Tem we Pe lh - i inCO Ca-ir OmaMh Pmw ff w AWarakrwh Ruv. 1.54
T•e , , Wbnt mm ',w be amad ant WW Ka mMwnrft-
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Fatigue Crack Growth Rate for 8090-T8
Extrusion, T-L Orientation

10-4•" 
•

Spedmen R K-Grad Temp.
1L-2 .1 0 70F.
TL-4 .3 0 70"F.
TL-6 .1 0 70F.

* UI%

10-E

* s U Spcln.nTL-2

0 Specimenf.-4

% a Seckmn" TL-6

1* U.

* mu

10"71I

10 100
MK. ksNinch

FIGURE M5. FATIGUE CRACK GROWTH RATES for
8090-T8771 L-EXTRUSION
(T-L Orientation).
MARTIN MARIETTA.
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TABLE M23

FATIGUE CRACK GR,,,WTH RATE DATA ASSOCIATED WITH FIGURE M5

(Specimen P-41 I-TL-2)

Operalor qx: K Greclmt 0
Sampie dats: 7/2w Lin Lost go bs.
Matured: OO9o-TO AJ-U Max Losd 9bD a.
tll- P.411-TL-2 Ted Moed: I
Yield Stro•t 55.206 Pi DM Pt k**. 0.01 imcl
Modujue of •at 9=.23.33 psi Min Growt RF . 0.0001 ioch
COD Poe: 2 CoMO Slope: 2
crack Plane: TL Ptkajd*: 200
Gooney: I Upper Slope Lmi: 81
Wkkh: 1.19M6 inch LowrSlope Unf 15
"Thkckness: 0.5903 ich No of Slowas Ave: I
Holl pa (MT): 0 Compimice Car.: 23.0314
Enrlron•.it. AIR NOW Lanu 0.481 ich
Twnpera1wo: 71 dog. F. PreAa Longit 0.542 ikh
HbmnkW. 73% Prioora oCdee: 2=12
welomt. 1 Preacit Max Lod 879.336 bt

Toot Fmquenc: 30 HZ PrQraac Min le.md 75.7206 ba.
TOo Type: 1 pointr: 20

cycles Cradc Langih rich &MA~. inchkyd d( psi a"t rich Doef Lnod be.
102 0.4323 0 0 62.s66

2593 0.4435 0 0 636.360
20719 0.486 0 0 6s2.697
34715 0.4676 9.56E-07 902 635.360
47520 0.4796 t.0E-06 0336 2.697
57690 0.4906 1.23E-06 9666 842.607
68185 0.8025 1.48E-06 9012 417.5=2
76330 0.5146 1.38E-06 10096 642.697
81600 0.5256 ZM3E-Os 104M0 847.582
87780 0.5384 3.37E-06 10651 650.024
90445 0.5497 4k2E-0-1 11126 864.91
93675 0.5637 5.&9E-06 11464 850.024
95460 0.5753 8.03E-6 11901 85•.795
9716 0.5861 1.13E-06 12369 662.237
g9235 0.599M 1.52E-05 12640 660.568
99145 0.6152 2.17E-05 13186 850.796
9969 0.6300 3.47E-05 13932 884.68
100400 0.6440 0 0 872.00
100690 0.6592 0 0 679.336
100780 0.6810 0 0 84.221

FkW Cyle: . 10020
Lst Couat 21
Last Count 2 21
Span: 100
Memn: 0
dAA3N melhod I
Py pokn. I
Slt nmm kk 90624 be.
S Wtmm max 6539.27 Pit Wq inch
No%@:

STests wore podormed wflh te TCGR Cracd Growth Progrern from Intealen, Rev. 1.54
The cras* enge wre corocled based on the mel meenomxensf.

The was averaged umng fe 7 poIt poynomll method
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TABLE M24

FATIGUE CRACK GROWTH RATE DATA ASSOCIATED WITH FIGURE MS

(Specimen P-41 1-TL-4)
Opemr •m• K Graiint 0

Swnple das: 7o Mina Lod: 270 b-

Materia: 090o-6 AI-U Max Load =O0 b&.

lO #- P-411-TL-4 TelOd• I

Yield Strength 56209 psi Daft Pt MIM: 0.01 inch

MloA uw of Elasticity 9,2W,333 psi min Groth Raft: 0.000001 inch

COO Position: 2 Comop Slope: 2

Crck Plae P. Ptswyce: 200

Geometry: pper Saps Llmit 86

Widi: 1.18inch Lower Slope Lon 15

Thicknes: 0.5963 inch No of Slops Ave: 1

N span (MT) 0 Conviwtoe Cot.: 1.04518

Enrvonnwnt AIR Notch Langth: 0.4788 itch

Temrperstue: 70 degrees F. Pecrack Length: 0.540 inch

Hurnidity. 72% Prceadc Cycles: 161228

W&Vefol- I Precrack Max Load: M8.106 inch

Tet Frequency 30 Hz Precrck Min Load: 236.932 inch

Test Type: I #Points 21

Cycle$ Crack Lnrh. rich d/dMN. kit•icyde d(, pm sqt Wich Delta Load. ha.

102 0.477122 0 0 66U63

8064 0.48619 0 0 661.944

17911 0.496762 0 0 664.367

26545 0.506321 124E-06 7"06.26 660.272

34068 0.515525 1.40E-06 8103.03 671.715

40796 0.52494 1.60E-06 8264.49 .671.715

46667 0.534579 1.80E-06 8632.1 676.6

51145 0.544001 2.OOE-06 8642.17 671.715

55880 0.563252 2.27E-06 8911.49 676.6

60615 0.563792 2.65E-06 9217.21 681.485

63996 0.573166 3.30E-06 9352.74 676.6

67615 0.584118 4.57E-06 0760.3S 683.928

6066 0.593493 6.68E-06 10104.7 688.813

70945 0.503432 6.70E-06 10314.4 891.255

72170 0.612936 1.16E-05 10651.5 693.698

72836 0.622871 1.52E-05 10673. 693.M98

73740 0.63390 2.43E-05 11343.3 693.606

74170 0.6432W9 4.02E-05 11815.2 701.026

74440 0.656417 0 0 701.026

74625 0.668738 0 0 702.468

74735 0.68147 0 0 713.239

Fnal Cyce: 74735

Las Count 22

Lat Count 2 1

Sperv. 100

MIn: 0

poly Pak", 7

Slot max Id: 920.86

slttm kL 11229

Testis periomned with lth "CGR Crk Growth Prnm' from tntelatale Version I.S4.

The crack lengilu ere corrctd baed on he 111 meamsuement5.

"Th w m averpd wktghe 7 p Int plynor" mItodI
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TABLE M25

FATIGUE CRACK GROWTH RATE DATA ASSOCIATED WITH FIGURE M5

(Specimen P-41 1 -TL)

operabr.K GcmSfldWt 0
Samrple date.: rswMnLa:9
Malte k aogo-8Te Max Load 900
tDoo P-411-TL Ted Mode: I
Yel Skr9th: 5829 Pi Dow Pt inM: 0.01 inch
Modulis of Elest 9g. ,333 pesi M Growth Rle: 0.000001 inch
COD Poe: 2 Compl Slope: 2
Crack Plase: TL PlaCyce: 200
G .omeW 1 uppur Slope Li* as
WIdth: 1.197 Inch Lowr Slope Llos 15
Thickness: 0.5906 hnh No of Slopes Ave. 3
Half span (MT): 0 Compiance Cor.: 1.11667
Enviroient AIR Notch Lanm : 0.477 inch
TempertIum:. 70 dog. F. Precrac Lsngh: 0.540 noh.
Hrlkdity: 72% Prweadc Cyles: 271.614
Waveform: 1 Precrack Mu Load: 881.8 le.
Test Frequency: 30 Hz Pf:a'acI Min Load: 68.4 6e.
Test Type: I Poits 21

Cyces Crack LUgtk rich dmsi. irict*yde dK, pasqit krh Delta Load, ble
197 0.472671 0 0 836.183

26854 0.48•27 0 0 6M.626
38197 0.493092 0 0 840.254
46238 0.502636 9.06E-07 9757M 838.626
59160 0.512279 1.10E-06 10100 841.82
67025 0.521875 1.26E-06 10300 842.897
75245 0.531116 1.50E-06 10612 847.502
82420 0.543767 1.90E-6 10067 844.325
88200 0.553961 2.35E-06 11172 845.963
93110 0.564713 3.10E-06 11644 848.396
95925 0.576006 3.97E-06 11799 850.024
99265 0.586188 5.33E-06 12232 850.839
101210 0.59915 6.88E-06 12581 652.467
103156 0.612621 9.47E-06 13117 U56.53=
104105 0.623243 1.32E-05 13605 858.166
106130 0.634197 1.91E-05 14096 865.494
105680 0.643813 2.80E-06 14430 860.609
106065 0.665565 4.07E-05 15019 869.505
106260 0.6655 0 0 865.494
106466 0.675114 0 0 867.123
I0",665 0.6 0 0 876.079

Fial C~cW 106.725
Last C00unt: 22
Last Count 2: 1
Span: 100
Mean: 0
dAdN rMethod: 1
Poly POOnt: 7
Stat mx Id: 911.1bs.
Sluat mai k: 10943.8 pet sqrt inch
Nob:

Tom were pew•lrmd with the "CGR Crack Growth Program' from Interlaken, Rev. 1.54
The crack I*Vfs were orfrecled based on the "ks mearsierns.
The dat was averaged usng the 7 point polynoriel method.
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Fatigue Crack Growth Rate for 8090-T8
Extrusion, S-T Orientation

Specimen R K-Grad Temp.
ST-2 .1 0 700F.
ST-4 .3 0 709F.
ST.6 .1 0 70F.

"10"5 Spd STt,
Seew •Specimen ST-4

• Specmen ST-6

"...ps

10"6
AK. ksNimch 100

FIGURE M6. FATIGUE CRACK GROWTH RATES for
8090-T8771 L-EXTRUSION
(S-T Orientation).
MARTIN MARIETTA.
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TABLE M26

FATIGUE CRACK GROWTH RATE DATA ASSOCIATED WITH FIGURE M6

(Specimen P-41 1 -ST-2)

Opferr awn K Grdent 0
Smnpis da te. M LoMi 100 wbe
Mawi* 800-T18 A-U M Load 1000 b.
ID A P-411-ST-2 TeesModft I
Yiewd Sbeno 6520 Psi Oft Pt kn, 0.01 kich
Modsuki of EWA 9.253,U3 P1 in Growth Rge. 0.000001 inch
COO Poe: 2 Compl Slope 2
crack Piec, ST Pi-yd: 200
Geonwe I Upper moe UltkI: a6
Wklh: 12012 inch LowerSlope M* : is
Thicnmse: 0.5967 ioch No of Slopes Ave: 5
Nol spe (Mr): 0 Canplaece Car.: 1.1206
Emnont AIR Notc LanOt 0.4817 inch
TSmperaGre: 72 deg. F. Preci LVMi: 0.560 Inch-unI 70% Piege 0chk unreorde
W&VeMn: 1 Pee Muc Load 1070.7 IbL
Tom Frequency0. 30z Precrac Mi Lead 107.0 bO .
Test Type: 1 oPont 14

cyCrack Lngth. inch d&M W hcd, dK p•iats inch Dom Lod, be.
291 0.607021 0 0 919.304

IS00 0.51871 0 0 915.485
1163l 0.532553 0 0 915.485
I5s6 0.54862 2.66-06 11722 917.929
22717 0.559751 3.42E-06 12255 914.966
26777 0.67190M 621E-06 12724 917.44
•2566 0.5"W01 7.94E-06 13149 918.417
3006 0.06119 1.19604 13337 913.043
M11IN 0.60635M 1.766-%6 13972 923.302
31720 0.620M2 222E-05 14321 924.279
32201 0.631771 3.00E-06 14840 926.234
32651 0.66031 0 0 024.768
33419 O.6M672 0 0 924.768
33716 0.6937 0 0 931.119

Lad CyO*i.s
Lat Count 16
Lair Cowit2 1

Spam 100
Moan 0
dA/dN metwd 1
Poly pokint 7
Slut m= loed: 1006.35 be.
Sbit ma•c 10601.5 psi aqt kIch

Tast sra perko•md with In CGR Craci Growt Progm'from IrkeIMdsun. Rev. 1.54"nheo re:k lengli ooro ecled lased on be Ink nm reeseiak.

1he d m averaged using bte 7 Ponst po4m rnia mefsdad
The precreck Pmav fid of 1071 On. resuted hn a deft 7%/ hViw then the ineS Pmm Not oad of 1000 In. €dL
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TABLE M27

FATIGUE CRACK GROWTH RATE DATA ASSOCIATED WITH FIGURE M6
(Specimen P-411 -ST-4)

Opsraor qlvw K Gradlerk 0
Semple dc : 7Mo min Lood 270 os.

u s 800-1T" A-U 11f Load 900 ba
Io I- P-411-ST-4 Tei kodaw 1
YWmd stkwvt 56.209 Pei Deb Pt hItv 0.01 inch
Modduls of East 9.263.333 psi Me GiuM, Rob: 0.000001 c
COD Poe: 2 comp Slope: 2
Crack Plene: ST Phucyci: 200
Gsonwmry: I Upp StlopeLa 86
V* ; 1,200 inch Lo, st1o"Lkvsit 15
"Thckesms: 0.5W07 inch No of Slopes Av: 1
Hal span (MT): 0 Comluimcs Cor.: 0.640211
Env: AIR Notch Ln1 0.4716 kch
Temp. 70 dog. F. Pemackc Length: 0.54 kich
Huimry: 72% Precrack Cycles: 180.666
Wevsfrmt I Pregad k a Load 10e8.1 Im b
Test FrOW 30Hz Psmo Mbin Lad: 300.44 bLo
Test Typer. I ePolo 3

Cyde Cradc Lw0•, kich dWftN. rlcys dK. psi a" kch Deom LoC. b.
204 0.6CA 0 0 644.846

1027 0.545 0 0 644.646
33151 0.556 0 0 647.269
S97l 0.567 0 0 649.731
73082 0.577 0.1E..07 9ow0 662.174
84367 0.569 9.32E-07 gm6 649.731
gem72 0.6w0 1.10E-06 9541 649.731
109162 0.611 1.24E-06 902 664.617
116w 0.@.4 1.3I6-06 10141 649.731
124732 0.636 1.49E.06 10406 662.174
132042 0.647 1.61E-06 10013 667.066
141112 0.061 1.79E.06 11320 652.174
146617 0.670 1.97E-06 11647 662.174
150602 0.680 2.19E-06 11M96 662.174
166762 0.601 .7E-S .1247 657.09
160667 0.701 3.19E-06 12621 667.080
164677 0.712 $.9RE-0 13617 M1.94
167347 0.724 5.04E-06 13902 657.069
1690l 7 0.736 6.21E-06 1444s 664.367
171647 0.746 8.6E-0O 16346 654.387
173037 0.757 1.21E-05 16059 664.367
173547 0.766 IwE-O0 16324 664.397
174372 0.778 2.IGE-05 17294 ee27
175042 0.791 3.09E-06 1836m 661.944
175472 0.806 4.60E-"6 19961 676.6
175742 0.816 6.64E-06 29679 674.167
175037 0.629 0 0 676.6
176047 0.843 0 0 676.6
176167 0.656 0 0 "Sa.M
176267 0.873 0 0 679.043
1766M2 0.691 0 0 681.485

RnFa CycW. 176432
Lat Count 32
Lat Cont 2: 32
SPut 100
Meat 0
dA*N metod: I

PkPolyolts 9
SIlt mnx k 9M0.647 los.
St mex k: 11,168.7psisqrtinch

Toms were pedonned wih the CGR Crack Growth Progun, tom InMdakn, Rev. 1.64
lb e a sengft.won Cfrecild bmd on toe id meserxmenW.
Tis dMaew eigqd u tg the 9 powt poynioml method.
7b@ premcrl Pmw Ioed of 1036 ft. readd in a deft 14.0% tdhW tihn f hh P1k" ti lW of 00 to. cd

152



TABLE M28

FATIGUE CRACK GROWTH RATE DATA ASSOCIATED WITH FIGURE MG

(Specdien P-41 1-ST-6)

O ao rK CIkIR 0
8-iIF- ddwI ?.lare 16n I.Ist 94111.
Mlarial: 80S0-T ,.U A Lim L, 940 ba.
Ot P-411-ST4 Ted st: I
Vd Skenwgt KIM Psi via Pt kIMf 0.0l kh
Modulus of Els:t 9,=3.32 psi MIn Ww1 R•W. 0.00001 kwclwh
00O Pae: 2 Cpr oam: 2
Crack Pla ST Ptsatcycs: 200
Gowmsk- 4 Uppe Slops Lkwft as
WkLd 1.1m2kc LMWSSapsLvI* i5
iikrie: 0.59e? kwh No of Slopes Ae: 1

Hlepan (nT): 0 Campiler" Car.: 1214
Emw AIR Ndic Lmng 0.478 kn2
Temp 71 d%. F. Pemm Lnglk 0.540 kwch
Mwrd* 72% P131 Cycles: 206
S1 !vremI Ma Lomad MIIb
Tet Frequer. 20 Hz Pre MI Load 6.1392 b.
Tedt Tpe: 1 Poll: 23

Cycles Crack Lmief kh tM. ncty.y, M psi upi kh ODef Lo" be.
103 0.546011 0 0 674.46

15442 0.551171 0 0 674.45
25446 0.467011 0 0 879.335
312 0.577573 1.741-06 12196 M.09
20312 0.59062 2.17-6 1241 176.893
43733 0640373 22DE-M 13019 67932
48073 0.6132•1 2REE,, 13376 579.•36
51940 062713 294E-06 13744 179M.32
S699 0.634M09 4.09E-06 14449 A.N
16660 0.644966 L61E-0 14914 6.6

S0.62 542.-0 15200 66.663
62190 0.686447 1.06146 15729 6.
63180 0.611M 1.361E6 16346 691.549
64230 0.092437 1.93E-5 17253 803.991
64915 0.701001 2751465 17946 W6.434
6 0.72127 4.0E- 10012 9.676
669 0.73196 4.4$E46 19715 906.647
6I600 0.742406 4.7416 19960 911.069
6610 0.757529 6-32E-4 21027 911.069
6415i 0.770=1 7.9$5- 0 906.647

s660 0.781477 0 0 2. 1
86715 0.100794 0 0 026.746
66326 0.812337 0 0 96.516

Fbial Cycle GO9=
Ladt Court
Lad Cow* t2: 0
Spert 100
LUtW 0

P* olyplta: 7
Sta m bat 9,655 lb.
Sbrt ma kt- 12.313 psi a"i kwch
dANommho:

Test were pfmrd wl tw "CGR Crack Gmrwlh Pogim" *om kfitddn, Rev. 1.54
The iaenicir s m m cAwlbed Ind on lise imi memuiem b.
The don was vrevc! ukirg 1* 7 polr pol~auud maliad.
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