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TABLE 1. 4

. *: ABBREVIATIONS FOR MATERIAL SYSTEMS

Abbreviation Materials

ALUM Aluminum Alloys
TITAN. Titanium Alloys
NICKEL Nickel-Base Alloys
STAIN. STEEL Stainless Steel Alloys
ALLOY STEEL Steel Alloys

TABLE 1.5

ABBREVIATIONS FOR ALLOY CONDITIONING AND HEAT TREATMENTS

Abbreviation Condition/Heat Treatment

OQ Oil Quenched
ABQ Aus-Bay Quench
AC Air Cool
WC Water Quench
MA Mill Anneal
BA Beta Anneal
DA Duplex Anneal

-4.. RA Recrystallize Annea..
ST Solution Treated

STA Solution Treat- .' Aqed

-TABLE 1.6

ABBREVIATIONS FOR PRODUCT FORMS

Abbreviations Product Form

S Sheet
P Plate
E Extrusion
F Forging
FB Forged Bar
BT Billet
BR Round Bar
RB Rolled Bar
C Casting

I W Weldment
D Disk
EB Extruded Bar

A -' B Bar

* °o"
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TABLE 1.7

ABBREVIATIONS FOR ENVIRONMENTAL SYSTEMS

Abbreviations Environmental System

R. T. Room Temperature (65°F-800 F)
L. H. A. Low Humidity Air (< 10% RH)
Dry Air Low Humidity Air (< 10% RH)
H. H. A. High Humidity Air (> 80% RH)
Lab. Air Laboratory Air (% RH unspecified)
Dist. H20 Distilled Water
Dist. Water Distilled Water
3.5 PCT Nacl 3.5% Salt Water Solution
JP.4 JP-4 Aircraft Fuel
JP.4 - Fuel JP-4 Aircraft Fuel
S. T. W. Sump Tank Water
S. S. W. Simulated Sea Water
S.C.S. Shop Cleaning Solvent
F. C. S. Field Cleaning Solvent
Salt Fog Salt Fog
Temp. Temperature

TABLE 1.8

ABBREVIATIONS FOR SPECIMEN DESIGNS

Abbreviations Specimen Design*

CT Compact Tension
NB 3Pt. Notched Bend
WOL Wedge Open Load
CCP Center Cracked Panel
BWOL Bolt Loaded-Wedge Open Load
CANT Cantilever Beam
TDCB Tapered Double Cantilever Beam
CHAR Charpy
PTSC Part Through Surface Crack
SENT Single Edge Notch Tension
KBBAR KB Bar
4-NB 4 Pt. Notched Bend
MCT Modified Compact Tension
CNT Center Notched Tension
DCB Double Cantilever Beam
BDCB Bolt Loaded Double Cantilever Beam

*Also note that when "SG" is used in conjunction with a
specimen design, the specimen is side-grooved along the
path of the crack.
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TABLE 7.1.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.1.3.1 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2014
CONDITION: T6
ENVIRONMENT: R.r. ,LAB AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
* (KSI*IN**1/2)

A B C D

R=+0. 05 R=+0. 25 R='0. 40

A: 5.69 :.79
DELTA KB: 5.86 :2.14

MIN C: 4.82 :1.16

5.00 :1.37
6.00 : 1.06 2.27 2.74
7.00 : 2.11 3.39 4.39
8.00 : 3.38 4.90 6.46

*9.00 : 4.80 6.91 9.30
10.00 : 6.41 9.59 13.5
13.00 : 13.6 24.0

A: 13.77 : 16.4
DELTA K B: 14.47 :36.6

MAX C: 11.62 :26.0

ROOT MEAN SQUARE 8. 62 9. 37 5.128
PERCENT ERROR

LIFE 0. 0-0. 5
* PREDICTION 0. 5-0. 8 1

RATIO 0.8-1.25 5 4 4
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: T5 ALUM.
FORM: 0.04- 0. 08"TH SHEET YIELD STRENGTH: 67. 0 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 74. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 040- 0. 064"
FREQUENCY: 2. 00 HZ SPECIMEN WIDTH: 6. 000" 2014

S ENVIRONMENT: R. T. *LAB AIR REFERENCES:86734

AK (MPA -%/-M) 10&K (MPA 10
4 10 40 104 10 40 10

STRESS RATIO - 0. 05 lo @ STRESS RATIO +1-0. 25

162 16i2

10-1 10-1

4F2 103

2 -2

101 100~

1 44  10U

10' 3 10-3

5 161

10- 1-7 70~

16 166

-5B-

© '1'TT' W 1001

10F107

1072 102 6

~168 _ _ _ _ _ _ _ _ -10 _ __8

% 1 4~ 10 4E0 0 4 0

00102 1o52

V 10-1i -

10OF 1 oo o-

10 - 10

106 10-

6 10 4E0 4 0 0 4 0
V 9 A (S V)AK(SIvz

7.1-15

I1' . 1 - . - - . F

A.- ~*p -.- - A6



7 *

TABLE 7.1.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.1.3.2 INDICATING EFFECT

K.. OF STRESS RATIO

MATERIAL: ALUMINUM 2014
CONDITION: T6Ni! ENVIRONMENT: R. T., LAB AIR

DELTA K .DA/ON (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
A B C D

R=+0. 50 Rin+0. 57

A: 4. 13: .667
DELTA K B: 4.14: 435
MIN C:

D:

5.00 : 1.57 1.02
6.00 : 2.e8 2.01
7.00 : 4.58 3.34
8.00 : 7.15

A: 8.87 : 1.6
*.DELTA K B: 7.73: 4.59

MAX C:

ROOT MEAN SQUARE 6. 27 6. 15
PERCENT ERROR

LIFE 0.0-0.5L PREDICTION 0. 5-0.89
RATIO 0.8-1.25 4 1
SUMMARY 1.25-2.01
(NP/NA) >2.0

L
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CONDITION/HT: TS ALUM.
FORM: 0.04- 0. 08"TH SHEET YIELD STRENGTH: 87.0 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH. 74. 0 KSI

.ORIENTATION: L-T SPECIMEN THK: 0. 040- 0. 063"
FREOUENGY: 2.00 SPECIMEN WIDTH: 6.000" 21
ENVIRONMENT: R. T. *LAB AIR REFER ENCES:98734 21

&K (MPA 1 /i)AK (MPA V'T)
4 10 40 100 4 10 40 100

STRESS RATIO = 0. 50 STRESS RATIO= 13 57

10.1 101

10~ - 1o3

102 10-1

-- 1 1- 2

LI
1 0

0 T 0

zU
U1 0

10 - 0- 103

100i 10o5 5

-. 4

£2 - 10
166

STESRTI=100 0

10- 10 10

1081 10

1 4 1 40 1410 40 100

1 0-2 1021

1OF- 1073

100* 2 10' 2

-U4 4 U
10 1 6 0~

103 3 10

- 100'

- 8 10 106-8 1

1~6 41046101 4 10 440

7.-1

1OF 1 : - - - - -67~ ~ -
-~~1 Z: 6



TABLE 7.1.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.1.3.3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2014
CONDITION: T6
ENVIRONMENT: R. T., LAB AIR

--------------------------------------------------------------------------------------
* DELTA K .DA/DN (10**-6 IN. /CYCLE)

- - (KSI*IN**1/2)
A B C D

R=+0. 05 R=+0. 25 R=+0. 40

A: 5.65 :1. 11

DELTA K B: 5. 54 :1. 611.4

MIN C: 4. 88 It

5.00 :1.29
6.00 : 1.39 2. 10 2.70
7.00 : 2.33 3.42 4.40
8.00: 3.50 5.18S 6.6
9.00 : 5.00 7.60 10.2

10.00 : 7.03 11.0 16.3
13.00 : 19.8

A: 13.51 : 23.9
DELTA KD: 12.91 :33.1

*MAX c: 11.48 :36.6

ROOT MEAN SQUARE 12.89 12.95 13.84
- *~.*PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 9 1

RATIO 0.8-1.25 3 4 4
SUMMIARY 1. 25-2. 0
(NP/NA) >2. 0
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CONDITION/HT TO ALM.
FORM: 0.04- 0.05"TH SHEET YIELD STRENGTH: 57. 0 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 74. 0 KSI

- ORIENTATION: T-L SPECIMEN THK: 0. 040- 0. 063"
FREQUENCY: 2.00 SPECIMEN WIDTH: 5. 000" 2014
ENVIRONMENT: R.T..LAB AIR REFERENCES:88734

AK (MPA A,/') AK (MPA m/')
4 10 40 100 4 10 40 100

STRESS RATIO -o-0. 05 STRESS RATIO =t-0. 25il!10 2  1.2-

10 -1 0-1 10 - 1

10 10

10 2 2

0 10" C-1
C-)
>1 -4 4_________

U'1_ 10
10 13 E

1 0* - _

0 ,0 104

70 10 10

160

:0:- Z: 10-

"10 . 1 
. -- 6 10-7 6

-8 -

101. 4 10 40 100 1 4 10 40 100© ,,,
STRESS RATIO= -0.40 STRESS RATIO= 10

1-2 
16_______ 2

00 10-
1'1 -0.1 101

o7 - I
10302 -03

10 10

010-  101-

_ _ __. _--_- - _ _ __ _

3 3

E 10.  103 E

• 10 - ___ __--___ _
-" -": 1 ~ i I , I ,I I ! -I Il l I I I --

:2 10-' 10' 1-6 -6 4__ _:

10 10*

106 166

1 OF

10~ ~ .. L.L.L10I -6 10- .6±.Wi I..~iJ

1 4 10 40 100 1 4 10 40 100
AK (KSI vl'A) AK (KSI v'Tn)
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TABLE 7.1.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.1.3.4 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2014
CONDITION: T6
ENVIRONMENT: R. T. * LAB AIR

DELTA K .DA/DN (10*41-6 IN. /CYCLE)
(KSI*IN41*1/2)

*A B C D

* R=+0- 50 R-+0. 57

A: 4.17 :.731
DELTA K B: 3.686 .345
MIN C:

4.00: .497
5.00 :1.59 1.25
8.00 : 3. 10 2.56
7.00 : 5.36 4.39
8. 00 : 8.87

A: 8.66 : 12.3
DELTA K B: 7.88 :6.28

MAX C:

ROOT MEAN SQUARE 11.45 16.08
F. PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8 1

RATIO 0.9-1.25 34
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0
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CONDITION/HT: TS ALUM.
FORM: 0.04- 8. 08"TH SHEET YIELD STRENGTH: 87. 0 KS! ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 74. 0 KS!
ORIENTATION: T-L SPECIMEN THK: 0. 040- 0. 083"

FREQUENCY: 2. 00 SPECIMEN WIDTH: 8. 000" 2014
ENVIRONMENT: R. T., LAB AIR REFERENCES:85734

AK (MPA V-) 10K (MPA \,/1)
4 10 40 100 4 10 40 10

STRESS RATIO "-.0. 50 100 STRESS RATIO 0.57

S1010
2

10-2  10- 2

4 ~ _ _ _ _ _ -4 )

11 101

Z __103 3 E.
"

10-: - __ _ _ _ _ -

z 
-75

- 104

.07 107

10 
10 -

10 6 1 6

1 4 10 40 l1 4 10 40 100

STRESS RATIO 10 STRESS RATIO= 0o

2 10-2
S101 -

10-1 1 -10 
1

1 - - 1-4 4o - 2

010-
G_ _-"_0 _- O

c. -3-- 10
4

0- 10 -

1 -5 .- 0. 5 1 .

100 z
42

10-10_ - 107 - 4

1660
55

1 0-6 10.6

"-"1 4 10 40 10O0 1 4 10 40 100

AK (KSI V/n) AK (Ko-I v'.).;','Figure 7..3.4
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TABLE 7.1.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.1.3.5 INDICATING EFFECT

OF ENVIRONMENT
-------------- --------------- --------------------------------------------------------
MATERIAL: ALUMINUM 2014
CONDITION: T6

----------------------------------------------------------------------------------------
DELTA K .DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
*A B C D

* E= R.T. E- R.T.
LAB AIR H.H.A.

A: 6.53 :.315
DELTA K B: 4.0 :e .543

M'IN C:
D:

5.00 :1.20
6.00 2.41
7.00 :.479 4.42
8.00 :.885 7.73
9.00 :1.35 13.2
10.00 :1.93 22.0
13.00 :7.89 97.4

A: 15.67 : 60. 8
DELTA K B: 15.39 :309.
MAX C:

D:

---- -- -- -- -- -- ----- --- -- -- --- -- --- -- --- -- --- -- --- -- --- -- --- -- --- ----- -- -- -- -- ---
ROOT MEAN SQUARE 18.38 21.24
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0).

RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

7.1-22



CONDITION/HT: T6ALM
FORM:FORGING YIELD STRENGTH: 54. 1 KSI IALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 68.2 KSI

* . ORIENTATION- T-L SPECIMEN THK: 0. 400"
* . STRESS RATIO: -0. 05 SPECIMEN WIDTH: 2. 000- 4. 00201
*FREQUENCY: REFERENCES: BWO 1 21

&K (MPAVN/) &K (MPA V ,/)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. .. 10ENVI ONMENT: R.
LAB AIR H. H. A.

1-2 
-__ 

_ _ _ _ __ _ _ _ -i 
2

100
10.1 10.1

1-2 102
c.,10 100

E
z -- 05

10 16

10a, 10'

-65

J\ 1 - 10~ 106 1

*i~l
0  

-10F,

10'. 10-6

-18

'' ENVIRONMENT: 10 ENVIRONMENT:10

1 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -162

10.
10. 101

io~-3
7. -~10.2102

z 165* E

10-4U47
z- A ~_ _ _ _ _ _ _ _ _ _ -1~

-~1 0' 10' 5

-6~0, -6__ __ _ _ _100

100 107

&K C 8S LJiJ lLLI K KSI r
~ ~. AK (KSI ~'Th Figure 7.1.3.5 A KI~T
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TABLE 7.1.3.6

FAT IGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7136INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2014
CONDITION: T6
ENVIRONMENT: R. T. ,H.H. A.

-------------------------------------------------------------------------------------

DELTA K DA/DN (10*4-6 IN. /CYCLE)
(KSI*IN*411/2)

A B C D

R=1-00

A: 4.85: .662
DELTA K B:

MIN C:

5.00 :.783
6.00 i .88
7. 00 : 3. 42
8.00 : 5.26
9.00 : 7.31
10.00 : 9.51
13.00 : 17. 1
16.00 : 27.3
20.00 : 48.8

A: 21.09 : 57.2
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 8. 35
PERCENT ERROR

%LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0
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CONDITION/HT: T5 ALUM.
4 FORM: 5.00"TH FORGING YIELD STRENGTH: ALLOY

SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK: 0. 400"
FREQUENCY: 9. 00 HZ SPECIMEN WIDTH: 2. 000" 2014

*ENVIRONMENT: R. T..* H. H. A. REFERENCESBWOO 1

&K (MPA vrii) &K (MPA V,/-m)

4 10 40 100 4 10 40 100

-STRESS RATIO = -1. 00 loSTRESS RATIO

-10.1 10.1

1o73  
- OF3

-10.2 10-2

N. -4 %_ _ _ _ __ _ _ _ 
5_ 

_ _ _ E

10 10101

166 106

.77

1--6-

100

10.1 10.171108 1

I I__ _ _ I_ _ _ ___ 1-7_111_1_

10- - 1o 3 22

10-1 10-_

16 U

zl -5 1-5 E

~10~ - 10 - 4

10- 1 105

1 OF

.Ii106 10-

'108 1078L~d - 10111
1 4 10 40 100 1 4 10 40 100

AK (KS 11ThFigure 7.1.3.6 K(Sv')

%el 
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TABLE 7.1.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.1.3.7 INDICATING EFFECT

OF STRESS RATIO
-- ---------------------------------------------------------

MATERIAL: ALUMINUM 2014
CONDITION: T6
ENVIRONMENT: R.T. ,H.H.A.

-------------------------------------------------------------------------------------
DELTA K DA/DN (10**-6 IN. /CYCLE)

(KSX*IN**1/2)
A B C D

R=-1.00

A: 4.79' 1.01
DELTA K B:

MIN C:

5.00 :1.26
6.00 : 2.86
7.00: 5.18
8.00 : 8.23
9.00 : 12.1
10.00 : 17.4
13.00 : 58.2
16. 00 : 224.

A: 17. 10 : 284.
DELTA K B:

MAX C:

-------------------------------------------------------------------------------------

ROOT MEAN SQUARE 26. 13
PERCENT ERROR

----------- ---------------------------------------------------------------------
LIFE 0.0-0.5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: T6 ALUM.
FORM: 5.00"TH FORGING YIELD STRENGTH: 64. 1 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 68. 2 KSI

-ORIENTATION: T-L SPECIMEN THK: 0. 400"
FREQUENCY: 9.00 HZ SPECIMEN WIDTH: 4. 000" 2014
ENVIRONMENT: R. T.. H. H. A. REFERENCES:BW0 1

AK (MPA N/m) AK (MPA V/)
4 10 40 100 4 10 40 100

=100STRESS RATIO= -1.00 - STRESS RATIO

10 10

_1011

.- 01012 
10-2

________"_______ .4 __10.2  ______ -- 10
2 -

- 130 10- "

10 10 z

166

1o5  10

10.6 10.6

10660-
"?"-i 10.F - I I I 1,1 I , I ,I1 , -- 10"8 l ,I I i I 1 1
" "1 4 10 40 100 1 4 10 40 100

STRESS RATIO STRESS RATIO= 100

10 -
- 10

'{o _- _ - 1
1 0 .1 

1 01-

1 1-

1_ 10.2 10.2

k - _o -

z E-... 1, - 0 3  z1 .

105 _- 10 - z
" 10

-.- -10 .-.. 10"

-.- ,- __4

1 . 10F--

,-=: 10 .  10
6

'.10-" 1 10 - 1F 1
% . . '.oJ L z . L . L '~ i 1 0 " e ,8 . J . i. l W l I.. ....L .L J .

-5:,1 4 10 40 100 1 4 10 40 100
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TABLE 7.1.3.8

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

':~DATA ASSOCIATED WITH FIGURE 7.1.3.8 INDICATING EFFECT

OF ENVIRONMENT
------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 2014
CONDITION: T6

DELTA K .DA/DN (10*41-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

E= ER. T.
:LAB AIR

A: 24.55: 196.
DELTA K B:
MIN C:

25.00 : 236.
30. 00 : 549.
35.00 : 1271.
40.00 1575.

A: 46. 11 : 2655.
DELTA K B:

MAX C :
D:

------------------------------------------------------------------------------------
ROOT MEAN SQUARE 28. 37
PERCENT ERROR

------------------------------------------------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0.5s-0.

RATIO 0.8-1.25 4
SUMMARY 1. 25-2. 0
(NP/NA) ' 2. 0
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CONDITION/HT: T13ALM
FORM: 1.00'TH ROLLED BAR YIELD STRENGTH: 60. 2- 60. 5 KSI IALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 66. 0- 67. 3 KSI

.ORIENTATION L- SPECIMEN THK:025- .26
STRESS RATIO: -00. 00 SPECIMEN WIDTH: 7. 500- 7. 517" 21
FREQUENCY: 5. 20 HZ REFERENCES:98213 21

AK (MPA Vm-) AK (MPA V/7m)
4 10 40 100 4 10 40 100

ENVIRONMENT: R .10 ENVI 0 ONMENT:

- - 10

10- 10-1

10 102E

70 lo 10 E

~~o io 1 5

1661

10 101

-7 -7

100 6 1

1 4 10 40 100 1 4 10 40 100

© ENVIRONMENT: 100o ENVIRONMENT: 100

*1-2 Z________ -2

10- - 10

10' 10 'a

44 -4 z0

16 10 u2i- 0

~10 - 10

10- 5 10-

1 o- 5  1o-

10107-

16 1 6

1 4 10 40 100 1 4 10 40 100
AK (KSI v')Fjr .. ~AK (KSI V'7)

Fi. ur 7 1.3
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TABL.E 7.1.3.10

--'TAI!NED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA -,-SOCIATEI) WITH FIGURE 7.1.3. 10INDICATING EFFEC7T

OF ENVIRONMENI

MATERIAL. ALUM)NUM )0 14
CONDITION. T451

K MAX DA/DT (10**-6 IN/HOUR)

A B C D)

3X/DAY--3. 5NAC.L

A:
K MAX B:

MIN C:
D

200. 00

A:
K MAX B:
MAX C:

D:

ROOT MEAN SQUARE 0. 00

PERCENT ERROR

7.1-30



CONDITION/HT: T451 ALUM.
FORM: 1. 5"TH PLATE SPECIMEN THK: 1. 000" ALLOY I
SPECIMEN TYPE: DCB SPECIMEN WIDTH: 5. 000"
ORIENTATION:S-L CRACK LENGTH (Ao).
YIELD STRENGTH: K iscc:
ULT STRENGTH REFERENCES:78313 2014

K max (MPA Vm) K max (MPA V-m)
4 10 40 100 4 10 40 100

O ENVIRONMENT: 10 2 
' ENVIRONMENT:

3X/DAY-3. 5NACL
10 0  10010 _---

101 101

. 11 00 - 10

2 10 _10 E

510 - 102 -

-io3  --

S10.2 10-

4V
10

-- 010 1010
1 0 s 5 - 1 0 5  -

4 .4
10 10

10-6 I 1 -, 1 1 10 6 1 1, 1 LJ l I I i J J 11
% 4 10 40 100 1 4 10 40 100

© ENVIRONMENT: 102 ENVIRONMENT: 102

10 0 10 0
10 10'

-1010" - 10
"3 .. 2 -101 0

0 00,10 10 E

IU " E

" 0 10-3  3 io10 1
,102 10

.
2 

.5. " o _5 ___lO_____10- I 10

-4 440 10

10..,I10L'I , 10 10 0

1 4 10 40 100 1 4 10 40 100
K max (KSI V7i) Figure 7. .. 3.9 K max (KSI vi)
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TABLE 7.1.3.9

SU5TAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOn

EATA !c~5SOC-I ATED WITH FIGURE 7.1.3.9 INDICATING EFFECTr

Of- ENYIRONMENf

MATERIAL: ALUMINUM 20 14
CONDITION: T651

K MAX DA/DT (10**-6 IN/HOUR)

A B c D

F
3X/DAY--3. 5NACL

A:
K MAX B.
MIN C:

D

200.00

A:
K MAX B:
MAX C:

ROOT MEAN SQUARE 0. 00
PERCENT ERROR

7.1-32



*CONDITION/HT: T5 LM
FORM: 2. 0TH PLATE SPECIMEN THK: 1. 000' I ALLOY
SPECIMEN TYPE: OCB SPECIMEN WIDTH: 5.0900

- -- ORIENTATI0N:S-L CRACK LENGTH (A0).
-YIELD STRE-NuiH: K iscc:

* ULT. STRENGTH: REFERENCES:78913 21

K max (MPA V-m) K max (MPA %/-m)
4 10 40 100 4 10 40 100

ENVIRONMENT: 102ENIONET
SX/DAY-3. 5NACL EVRNET

101 101

1010 10

0 0
-10 10

0 1-2 1 _ _ _ _ _ ___ ___2_ 0

010 - 102E
C 10 E

10 i 3  M__ _ _ n -o 1 3
-

o-2 1 -2

~h 10 - 10

10 10-

-- 14 1 4 0 101 0 4 0

1 10 -410

10 101 10

10 0 100

00 100

0o E
E

:6 lo<- 3 2302
.0 100

-202

10 -10

-4 -4

1 6 1 J..IL 1 ~ ~ ~ 1 il 11-6 - I I L1 ..1.1...1..1.1..1LL.IJ1
1 4 10 40 100 11 4 10 40 100

Kma (KI V~h -i~r~ 7.1. 3.i 10max (KSIV')
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TABLE 7.2.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.2.3.1 INDICATING EFFECT

OF ENVIRONMENT

" MATERIAL: ALUMINUM 2020
CONDITION: T6

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R. T.
:LAB AIR

A: 16.10 29.5
DELTA K B:

MIN C:
,w D:

20.00 " 104.

A: 24. 15 : 415.
DELTA K B:

MAX C:
.:.'? D:•

ROOT MEAN SGUARE 27. 51
PERCENT ERROR

LIFE 0 0-0 5
PREDICTION 0 5-0 . 2

RATIO 0.8-1.25 2
SUMMARY 1. 25-2 0
(NP/NA) >2 0

7.2-8



4 CONDITION/HT: TS ALUM.
FORM: 0. 13"TH SHEET YIELD STRENGTH: 78. 4 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 84. 7 KSI
ORIENTATION L-T SPECIMEN THK: 0. 125- 0. 125"
STRESS RATIO: .0. 00 SPECIMEN WIDTH: 4. 000" 2020
FREQUENCY: 13. 30 REFERENCES:86213

AK (MPA /'m) AK (MPA \/m)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. *1 100 11) ENVIRONMENT:

LAB AIR
210 -10

2

10.1 10- 1

' 10 

4. z -4 . -

U 16 10 -
3

C 10.Z 10-3 E
10io 1-0 z

4 4-6 -6 0
.  

___ __ 10
-4

1 - 10- -

-- 10. 5  _ 10.5

1 7 
-7

10 -6 1 106

10-8 I .1..IJlL , I - 10.8 1 iJ. I,. II, I L 1 J1 -

1 4 10 40 100 1 4 10 40 100

ENVIRONMENT: 100 ENVIRONMENT: 100

1d2 -1 210- 10"

-10I  _10

10.3 -10-3

S02 -- 2

S1 ;10

-- - 0 3  
-
3 E

--u 4
"  

C 0
" 

)"~10 - 10 -

C i0 E

-- -_ _10-4 _4--__ _0 
5

10-o - _0

- - 10 o 106
-6 -6

* 10 -10

1 6
5

*! - -- ---

10 10" -
01 11 08 1 1

1 4 10 40 100 1 4 10 40 100A'•". K (KSI A/' K (KSI v'/ * )
AK (Figure 7.2.3.1
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TABLE 7.2.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.2.3.2 INDICATING EFFECT

OF ENVIRONMENT
------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 2020
CONDITION: T651

---------------------------------------------- -------------------------------------

DELTA K :DA/DN (1O**-6 IN./CYCLE)
(KSI*IN**1/2)

A B C D

* E= R. T. E- R. T.
.H. H.A. H.H.A. - 25HZ

A: 3. 15 :.0956
DELTA K D: 3. 72 :. 157
MIN C:

D:

3.50 :.205
4.00 :.352 .203
5.00 :.396
6.00 :.704
7.00 :1. 25
8.00 :2. 12
9.00 :3.35
10.00 :4.61
13. 00 :9. 17'

A: 4.8 :e .574
DELTA K B: 15.96 :29.4

MAX C:

ROOT MEAN SQUARE 17. 57 12. 36
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.89
RATIO 0.8-1.251
SUMMARY 1. 25-2. 0

7' ~ (NP/NA) >2. 0

7.2-10



CONDITION/HT: T551AUM
FORM: 1. 28"TH PLATE YIELD STRENGTH:ALO
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION- L-T SPECIMEN THK: 0. 248- 0. 250"
STRESS RATIO: -00. 33 SPECIMEN WIDTH: 2. 500- 2. 501"22
FREQUENCY: REFER ENCES:AL002 22

AK (MPA - /Th) &K (MPA /)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. *.100 E NVI Il0 N M1N T I R. T..
H. H. A. H. H. A. - 25HZ

1-2 10-2 _______

10- - 10

100' 3 00

102 102

U U

10 -4 10 4

U 10

C10- 3 10-

10 lo 10-

4 -7

10-6 10.6

IT 108 7 . L J -7

1 4 10 40 100 1- ___4__ 10___ 40___ 100_

ENVIRONMENT: _0 @ ENVIRONMENT: 100

-d2 __________ 
2

10- 100-1

10'3 10F'

10 10 -2

104 U

Sl - 0 10-
% 

3 E
z .5Z -5E

10- 10-~

-6 166
10 -1

5
10-1 10'

1 -7 1 .7

10 -61
10.6 106

-8 108 -

10 4 10 40 100 1 4 10 40 100

AK (KSI ~ Figure 7.2.3.2 A KIvT

7.2-11
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TABLE 7.2.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.2.3.3 INDICATING EFFECT

OF ENVIRONMENT
------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 2020
CONDITION: T651

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**t/2)

.A B C D

E= R. T.
* : H. H. A.

A: 2.68 .027

DELTA K B: 0
*MIN C:

D:

3.00 .0598

3.50 .. 147
4.00 .282
5.00 .706
6.00 1.42

- .7.00 . 2.67
8.00 : 4.99
9.00: 9.49

'a10.00 18.5

A: 11.13 : 40.6

DELTA K B:
MAX C:

D:

-------------------------------------------------------------------------------------

ROOT MEAN SQUARE 43. 54
-PERCENT ERROR

---------------------------------------------- --------------------------------------

*LIFE 0.0-0.5
PREDICTION 0.5-0.8 1

RATIO 0.8-1.25
SUMMARY 1. 25-2. 0

!1(NP/NA) >2. 0

7.2-12



CONDITION/HT: T651 ALUM.
*-T FORM: 1. 28"TH PLATE YIELD STRENGTH: ALLOY

SPECIMEN TYPE: CT ULT. STRENGTH:
.. .ORIENTATION T-L SPECIMEN THK' 0. 248'

- STRESS RATIO: -0. 33 SPECIMEN WIDTH: 2. 500" 2020
FREOUENCY: 25. 00 HZ REFERENCES:AL002

AK (MPA N/m) AK (MPA -/M)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. T.. 100 ENVlRNMI _T:
H. H. A.

S " 21 0 1 2

.- ~- .lo- 1-*:. -2--_______ __________- 0-_________ __________

10 - 10-

-2102-o3 - - -01- s

10
.  10 -2

4 01
'.> 4 -4 -- 10

- 4

lO6 - 16 -

_ 10.- -'_ 10-4-
1 - 0 E

70 0 107-5 0

4 47

-- 10. - 10.

10-6 10-

08 L. ,U , I1, 1 ,IL - 08  - i ll,
1 4 10 40 100 1 4 10 40 100

©"ENVIRONMENT: 10o ENVIRONMENT: 100
1 0I- 0 -

0101 10>

1 - - _o _
110-2 10-2

4 4

-. 10 -

3 10 -- 3 ES10 10 E

_ 5_ 10. 5 _ - 1

10-7 - 10- -

010 10 .

1 4 10 40 100 1 4 10 40 100
-(K... Figure 7.2.3.3
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TABLE 7.2.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.2.3.4 INDICATINg EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2020
CONDITION: T651
ENVIRONMENT: R.T., LAB AIR

DELTA K " DA/DN (10**--6 IN./CYCLE)
(KSI*IN**1/2)

A B C D

R=-0. 50 R=+0. 00

A: 5.76 .549
DELTA K B: 5.25 .0908

MIN C:w*= " D:"

6. 00 .580 .254
7.00 : .840 .672

e.00 1.35 1. 35
9.00 2. 16 2.28

10.00 3.33 3.45
13.00 ' 9.63 e.55
16.00 21. 1 17.4

A: 18.95 : 64.6
* DELTA K B: 16.95 • 21. 5

MAX C:
S'. D:

ROOT MEAN SQUARE 36. 60 32. 02
PERCENT ERROR

LIFE 0. 0-0.5
PREDICTION 0. 5-0. 8 1 1

RATIO 0.8-1.25 2 3

SUMMARY 1.25-2.0 1 1
(NP/NA) >2. 0

.. 21
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-0CONDITION/HT: T551ALM
FORM: 1.38"TH PLATE YIELD STRENGTH: 76.2 KSI ALLOY

* SPECIMEN TYPE. CCP ULT. STRENGTH. 61. 7 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 748- 0. 754"
FREQUENCY: 5.20 SPECIMEN WIDTH: 2. 997- 3. 003" 22
ENVIRONMENT: R. T. *LAB AIR REFERENCES821

* A&K (MPA ~ K (M P A ~
**4 10 40 100 4 10 40 100

STRESS RATIO = -0. 50 10STRESS RATIO +0. 00

________- 10.11& 10.1

* 1 63 16i
3

Sio2 102

> -4 -4

C1 - 0 10- E

100 16 5E0

m4 4o-4

10- 10- c

16 -167

10- 10

STRESS RATIO 10TES ATO 100

10 - 10.1i6 10.'

13 1.2102

0100 - 0 -

10 -4~~ o
16 10

10 E

166 -166

10~ 10-1

1~~~ 0OF10

14 140 101 4 10 40 100

&K (KSI -,/in &K (KSI VT7)

1081Fig(ure 7. 2.3. 4
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TABLE 7. 5.3. 1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.1 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T3
ENVIRONMENT: R.T. -LAB AIR

--------------------------------------------------------------------------------------

DELTA K .DA/DN (10**-8 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

* R=+0.0O5 R-+0. 40 R=+0. 60

A: 2.63: .11
DELTA K B: 4.24 :.32

MIN C: 3.56 .25
D:

3.00 :.110
3.50 :.120
4.00 :.146 .373
5.00 :.258 .946 1.22
6.00 :.497 1.92
7.00 :.976
8.00 :1.89
9.00 3.57

A: 9.56 :5.03
DELTA K D: 6.24 :2. 19

MAX C: 5.02 :1.24

* ROOT MEAN SQUARE 33. 02 2. 95 8. 28
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8 1

RATIO 0.8-1.25 311
SUMMARY 1. 25-2.0 1

7.5-86



. CONDITION/HT: T3 ALUM.
FORM: SHEET YIELD STRENGTH: 47. 2 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 68. 2 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 090"
-'3EQUENCY: 30.00 HZ SPECIMEN WIDTH: 13. 985- 14. 030" 024

.- AVIRONMENT: R.T..LAB AIR REFERENCES:EFM01

2.

v .: A&K (MPA Vm) AK (MPA /-)
',,".. 4 10 40 100 4 10 40 100

STRESS RATIO = +0. 05 STRESS RATIO +0 40

10 10.1

1 _3  1o,

10.2 10'

4 4

)100
10 5  105

z E
1 0 0 1 0 40 10

1lio -- 1 02

6

11 1

-7 .7

10 10-

0107 10-

10-- 10-3 ELLE~

1 4 10 40 100 1 4 10 40 100

0=I-: '11" 1 1K1 1 1111
S TRESS RATIO= -,0.60 0 STRESS RATIO= 100

-62
10-1 10

lol

10. 10310

10.20-23

4 4 z

E
z ..

V 10-4
o74

166 166

1O 7 11F
-7 -6
10 10

10 16 il I 11 1 1Z

1 4 10 40 100 14 1 4 0
AK (KSI V,/Tn) A K (K SI 7/i)

Figure 7.5.3.1
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TABLE 7.5.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.2 INDICATING EFFECT

OF STRESS RAT:O

MATERlAL: ALUMINUM 2024
CONDITION: T3
ENVIRONMENT: + 140F, AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D,

R=+0. 40 R-+0. 70

A: 3. 16 . 131
DELTA K B: 3.05 :.151
MIN C:

3.50 :.181 .343
4.00 :.301 .679

-. 5.00 :.794 1.77
6.00 :1.80 3.45
7.00 : 3.40 5.85
8.00 : 5.483 9.27
9.00 : 7.65 14.2
10.00 : 9.43 21.3

A: 11. 11 : 10. 5
DELTA K B: 11.74 :42.7

MAX C:
* D:

ROOT MEAN SQUARE 15.82 7.32
d. PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

01 7.5-88



-1 V- 1.

CONDITION/HT: T3 ALUM.
FORM: SHEET YIELD STRENGTH: 47. 2 KSI 1ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 69B.2 KSI
ORIENTATIONi T-L SPECIMEN THK. 0. 090"
FREQUENCY: 5. 00- 10. 00 HZ SPECIMEN WIDTH: 36. 000"22
ENVIRONMENT - 1400 F. AIR REFERENCES:EFMO1 22

& K (MPA Vmi) AK (MPA x/m
-- 4 10 40 100 4 10 40 100

-. ~~~ III P I II I 100il

STRESS RATIO= -4-0. 40 STRESS RATIO -40. 70

10 10-1

10? 100

4 -4

710 10~ E
z E

7 10 10~ 5
4 10

10 10 cv

10 105

10 
10-1__ __ 

o'__ __ _ 10- 6

108 101

14 140 101 4 10 40 100

STRESS RATIO ~ 100 @ SRS AI 0

10' 10

3 3__ _ __ _ _10~10

12 02

C10 E0

4 4
__ __ _ 1 10 - z

* .V10- 10- 3E

7 10 10

1010 - 00_____

1 06 106

-~*~ 108LLLI4010
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TABLE 7.5.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVEL"

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T3

ENVIRONMENT: R.T. -LAB AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+0. 33

A: 12.30 16.4
DELTA K B:

MIN C:
D:

13.00 19.3
16.00 48.3
20.00 188.

25.00 887.
30.00 3138.

A: 31. 48 4312.
DELTA K B:

MAX C .
D

ROOT MEAN SQUARE 22. 14
PERCENT ERROR

LIFE 0.0-0. 5

PREDICTION 0 5-0. 8 2
RATIO 0.8-1.25 4

,,. SUMMARY 1.25-2.0
(NP/NA) >2. 0

* 7.5-90
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S CONDITION/HT: T3
FORM: 0.04"TH SHEET YIELD STRENGTH: 45.. 0 KSI ALLOY

, SPECIMEN TYPE: CCP ULT STRENGTH: 69.0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 039"
FREQUENCY: 3. 33 HZ SPECIMEN WIDTH: 16. 000 2024

" . ENVIRONMENT: R.T. LAB AIR REFERENCES:87398

AK (MPA -\/m) &K (MPA V"m)
4 10 40 100 4 10 40 100

STRESS RATIO =- 0. 33 STRESS RATIO

162 
1________62______

lo lo2

ia3 -3
-210. 10 

- o[]

C 0 __ 1_10 -
3 E

Ez

_io - _ lo2  -- ZO2 _

10- 4 .4-10. 110

10~ 10-

.7 7

So 0 10.

10-8 -8-i---LI oali ... L~.
1 4 10 40 100 14 10 40 100

l0

STRESS RATIO= 10 STRESS RATIO 100

10.0 10

.Ki - -o4
S"j.3 - OF,- :il

10- 2 12
S10

8
0

E

E
z/. - 10- 51,

';4 4'
10 10. 0 10_

-- 105 ---- 1
: -6 ___10

.
____ - 10-3 -- __ __ __

100
10" 1

1 " 1 1 1il I I 1 0

10.. .... LL .. Li -18~L.L .~L±

1 4 10 40 100 1 4 10 40 100
AK (KSI vTin) AK (KSI v/in

Fiqure 7 .5. 3 3
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TABLE 7. 5.3. 4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.4 INDICATING EFFECT

OF STRESS RATIO

MATER IAL: ALUMINUM 2024
* . CONDITION: T3

ENVIRONMENT: R.T. LAB AIR

DELTA K :DA/DN (10**-6 IN./CYCLE)

* - (KSI*IN**1/2)

A B C D

R=+0. 20

A: 4.73 :.0896
DELTA K B:
MIN C:

D:

5.00 :.219
6.00 : 2.20
7.00 : 4.76
8.00 : 6.90
9.00 8 .55 .

10.00 : 9.72
13.00 : 12. 1
16.00 : 15.6
20.00 : 27.9
25.00 : 85.0

A: 27. 13 : 153.
DELTA K B:

MAX C:

ROOT MEAN SGUARE 17.00
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8 2

-. RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

7.5-92



CONDITION/HT: T3 ALUM.
FORM: 0. 09"TH SHEET YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK: 0. 090"
FREQUENCY: 10. 00 HZ SPECIMEN WIDTH: 4. 010" 2024
ENVIRONMENT: R.T. LAB AIR REFERENCES:FRO02

AK (MPA %/m) AK (MPA ,/')
4 10 40 100 4 10 40 100

STRESS RATIO 0. 20 10 STRESS RATIO
--1O 2  1O2 _

-10 10

. - 3 _________ ________. ______ _ ____lO- ___-_ __l ;

10 - 10 . 2

,0).. : 0 .3 - - 2 .

-4 -4

.100- 101 -- 0
E

70. 10-5  -0-5

1- 10 4  -10

166-16"~1 " 16-0- -1-6- --

1. -- - 10
.5  

_ _ __ 0

(1 1 1 10.7 1
a -6

101

1"-8 1I1 1 1 1 hill
14 0 40 100 4 10 40 100

- ', -- 2 -2.

100 10;

10.1 103  E

-2 _-

€'-' _ 10
.5 _ 10

.

S106 11

*L --W 10810.6  10 .

104 0 40 100 1 4 10 40 100

,K (K.." Figure 7.5.3.4AKKSv)
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TABLE 7.5.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.5 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T3
ENVIRONMENT: R.T. LAB AIR

"",". DELTA K ' DA/DN (10**-6 IN. /CYCLE)
" ](KSI*IN**1/2)

. A B C D

* R=+0. 00

A: 16.84 " 15.3

- DELTA K B:
MIN C:~D::

20.00 28.6
25.00 76.3
30.00 - 184.
35. 00 . 390.

A: 35.36 " 410.
DELTA K B:

MAX C:
,t.." ",D :"

I - ROOT MEAN SQUARE 19. 64
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8 1

RATIO 0.8-1.25 7
SUMMARY 1.25-2.0

(NP/NA) >2. 0

,-7,.
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CONDITION/HT: T3 I~
FORM: 0. 13"TH SHEET YIELD STRENGTH: 50.0 KSIIALY
SPECIMEN TYPE: CCP ULT. STRENGTH: 68. 2 KSI
ORIENTATION: L- SPECIMEN THK: 0. 125- 0. 1256
FREQUENCY: 13.30 HZ SPECIMEN WIDTH: 4. 000" 2024
ENVIRONMENT: R. T. LAB AIR REFERENCESS96213

&K (MPA -,) AK (MPA V/Th
4 10 40 100 4 10 40 100

STRESS RATIO -t-0. 00 STRESS RATIO=

102 -162

10>' 10.1

1073  16

u10 10

E~i 3 10- E
10 E

-,o 16 o

10 - 10

55
10- 10

-7 -710 _ ___ ____ _ -10

1 0-6 106

LLL4.L10 40 10010 4 10 40 100

STRESS RATIO =o 10 STRESS RATIO lo10

1-2 7-12
100-1 10-

10-1 10>'

1 ~- 12 o3 -2

10 10

4. -
____ ___ ____ __ -10

3~ 3 E
C 10 10 E

10,10 16

10 - 10

10 5 10-5

10~ - 10~6 1 0

-8 -±LLL i1.±~a- 10718
11 4 10 40 100 1 4 10 40 100

&K (KSI vl A K (K SI 7'T)
Figure 7.5.3.5
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TABLE 7.5.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* . DATA ASSOCIATED WITH FIGURE 7.5.3.6 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2024
CONDITION: T3

-VDELTA K DA/DN (i0**-6 IN. /CYCLE)
* (KSI*IN**1/2)

A B C D

E= R. T.
90%. R H.

A: 13.10 10 6
DELTA KB:

MIN C
D.

16.00 18. 4
20.00 35.3
25.00 71.3
30 00 133.
35.00 234.

A: 37.88 318.
DELTA K B:

MAX C.
D.

ROOT MEAN SQUARE 21.03
PERCENT ERROR

LIFE 0.0-0.5
* PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
* SUMMARY 1. 25-2. 0

*(NP/NA) >2. 0



CONDITION/HT: T3
FORM: 0. 13"TH SHEET YIELD STRENGTH: 49.0 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 66.0 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 128'
STRESS RATIO: o0. 05 SPECIMEN WIDTH: 12. 000" 2024
FREQUENCY: 2.00 HZ REFERENCES:86212

AK (MPA A/'i) AK (MPA V/-')
4 10 40 100 4 10 40 100

ENVIRONMENT: R. .. 10 o ENVIRONMENT:
90% R.. H.

010-  101

11F, 10.1L--2

_10. 1

O • 10 - -- U
1 3  

103 E
E

. -5 1 m
010 4 _

,-,., 10.6  -- 1--

1 6 11

-- 
0"Y5 

10 -5

0 6- 10
168  I , 1, 8L I i II 6ll I I I ,l1l1

1 4 10 40 100 4 10 40 100

ENVIRONMENT: 100 oENVIRONMENT: 100

-62 
162_______ 

Z________

010 10
10-1 10-1

_ _.10
3 

.- - 103 E010

1o 10 -3 1

I -)

m- 4 -
S10 - 10 -  -

106 - 166 -
i i

1 10- 1 710-7 10F
1 O1

0 101 106

elf 10-e I J I, II I L, I , - 10"8 1 1h, l I I I-
4 -1 10 40 100 1 4 10 40 100
AK (KSI -,T/) &K (KSI V"T)

Figure 7.5.3.6
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TABLE 7.5.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.7 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T3
ENVIRONMENT: R.T. 1LAB AIR

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=-1. 00 R=-O. 50 R=+0. 05

A: 5.03 :.119
DELTA K B: 4.59: .129
MIN C: 5.78 .238

D:

5.00: .144
6.00 :.495 .755 .351
7.00 : 1.43 2.68 1.34
8.00 : 3.15 5.78 3.25
9.00 : .79.49 5.99

10.00 : 9.29 1329.36
13.00 : 24.0 23.1 22.7

=16.00 : 41.4 35.2 45.3

20.00 : 70.3 67.2

A: 24. 85 : 264.
DELTA K B: 24.91 :175.

MAX C: 19. 55 :102.

ROOT MEAN SQUARE 24. 20 19. 99 12. 63

PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

7.5-98



CONDITION/HT: TS ~~iT
FORM: 0. 25"TH PLATE YIELD STRENGTH: 50. 9 KSIALO
SPECIMEN TYPE: CCP ULT. STRENGTH: 68. 5 KSI
ORIENTATION: L-T SPECIMEN THK. 0. 250"
FREQUENCY: 20. 00 HZ SPECIMEN WIDTH: 3. 000" 22
ENVIRONMENT: R. T. *LAB AIR REFERENCES:UD006

&K (MPA VAW) &K (MPA /mi)
4 10 40 100 4 10 40 100

STRESS RATIO =-1. 00 loSTRESS RATIO =-0. 50

16212

10' 10.1

107, 1 io-

10-2 10-2;

c i 3  o3 E

10 10 E1

1010-

100

(I 106 10

1 4 10 40 10014 10 0 10

STRESS RATIO = -0. 05 10o STRESS RATIO - 10

162 _ __ _ 
162

10.1 10'1

10 10;

-7-

E

lo 105

10 a

100

16 16 1 8

&K (KSI Arn K (KSI \/Ti)
V7Th Figure 7.5.3.7
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TABLE 7.5.3.8

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.8 INDICATING EFFECT

OF STRESS RATIO

*MATERIAL: ALUMINUM 2024
CONDITION: T351
ENVIRONMENT: - 65FAIR

DELTA K DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

R=+0. 00 R-+0. 80

A: 9.84 .354
DELTA K B: 6.02 .766

MIN C:

7.00 :1.96
8.00 :4.70
9.00 :10.2
10.00 :.360 20.4
13.00 :1.06 102.
16. 00 : 4. 50 303.
20.00 : 19.7
25.00 : 69.4

A: 29. 42 : 208.
DELTA K B: 17. 13 :414.

MAX C:

ROOT MEAN SQUARE 26.e82 10. 41
PERCENT ERROR

*LIFE 0.0-0.5
PREDICTION 0.5-. 1

RATIO 0.8-1.25 1
SUMMARY 1.25-2. 0

* .- (NP/NA) >2.0

7.5-100



CONDITION/HT: T351
FORM:SHEET YIELD STRENGTH: 58.9 KSI ALYI
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK: IL 184- IL 118"
FREQUENCY: SPECIMEN WIDTH: 11. 997- 12. 000"22
ENVIRONMENT: - 850 F. AIR REFERENCESDA001

* . &K (MPA x/m) AK (MPA V'mT
4 10 40 100 4 10 40 100

STRESS RATIO 100 0 STRESS RATIO oo. So

10- 10-

101 10.1

12 1-2
110

1 a 3  E

Z 0 0 5 ___ ___ __

10 10

10 101*1

110

100 11

10 4-0 4 0 14 1 4 0
1 1 1 1 1 1 1 1 1 1 1 1 f ll

STRESS RATIO 10 STRESS RATIO~ 100

-2 _______ _______ -102

10

10.1 10<

-21o10 10 2

-4 164

4U> 40 _ _ _ _ _ _ _ -1

s 10 10- 0 E
E

z 5 5
10 10- 1 6

166

10' 10-

-6S

10 1 0

*~ -8 I I~ I~I hilli~ -,. 10-8 .L...I...I I..L.... ll t
11 4 10 40 iCO 1 4 10 40 100

AK (KS V~in)AK (KSI V1 in)
AK (SI ~ThFigure 7. 5.
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TABLE 7.5.3.9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.9 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024

CONDITION: T351
ENVIRONMENT: R.T. LAB AIR

DELTA K .DA/DN (10**-6 IN./CYCLE)
(KSI*IN**1/2)

A B C D

R=+0- 00 R=+0. 40 R=+0. 80

A: 9.51 : 5. 14
DELTA K B: 15.81 60.3

MIN C: 7.98 13.8B

8.00 14.0
9.00 234
10.00 : 6. 16 39.2
13.00 13.6 187.
16.00 : 23.5 63.5 553.
20. 00 : 44. 0 163.
25. 00 :419.
30.00 :935.

A: 24.94 : 95.5
DELTA K B: 33.80 :162e.

MAX C: 17.04 :790.
D:

* ROOT MEAN SQUARE 3. 46 5. 76 15. 15
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1 1 1
SUMMARY 1.25-2.0
(NP/NA) >12. 0

7.5-102
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CONDITION/HT: T351
FORM: SHEET YIELD STRENGTH: 58. 9 KSIALO

* SPECIMEN TYPE: CCP ULT. STRENGTH:L
*ORIENTATION: L-T SPECIMEN THK: 0. 181- 0. 188"

- .. '.FREQUENCY: 3.00- 6.00 HZ SPECIMEN WIDTH: 11. 998- 12. 009"22
ENVIRONMENT: R. T. *LAB AIR REFERENCES:0A001

AK (MPA V/m) AK (MPA -,/M)
*4 10 40 100 4 10 40 100

100
STRESS RATIO =oi .00 STRESS RATIO -IL 40

162 162

10 1 3

10- 2 0.

1010

4- 4
1 103 E

10

10 -4 1004

166 1 66I

1o 10~

6 -6

10810 I ii 008~

*1 - 4 10 40 100 1ul 4 10 40 100

\! STRESS RATIO *g go.6 100 STESRTO 0

-62 1__ 
_ _ _ _ _ _ _ _ 62

100

101 10 2

11 164 10.
U U

C 10 10~
E

t) 100

100

100
1010

1o6 10o

14 10 40 100 1 4 10 40 100
AK (KSI v,/T) AK (KSI v/Tn)
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TABLE 7.5.3.10

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.10 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T351
ENVIRONMENT: R.T. ,H. H. A.

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+0. 00 R=+0. 70

A: 7.32 " 1.35
DELTA K B: 4.72 " .464

MIN C:

D:

5.00 : .636
6.00 " 1.50
7.00 " 2.72
83.00 : 1.80 4.25
9.00 2.75 6. 13
10.00 4.09 8.42
13.00 9.26 19.4

A: 15.05 11. 4
DELTA K B: 14. 38 28. 1

MAX C:
D:

ROOT MEAN SQUARE 18. 10 14. 22
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

,1

'-"'7.5-104
Se



CONDITION/HT: YIL3SRNGHALO
FORM:SHEETYILSTEGH
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK: 0. 163"
FREQUENCY: 9. 00 HZ SPECIMEN WIDTH: 5. 000" 2024
ENVIRONMENT: R. T.. H. H. A. REFER ENCESSWO02

&K (MPA Vmff) AK (MPA /)
4 10 40 100 4 10 40 100

STRESS RATIO= -0. 00 1 STRESS RATIO -*+0. 70

10 10

10 3 103

* 102 102

-64

l o, 10 E

~~10 10 010-

10 10 -7

-6- 6_ _ ~
10 10'

h 106 1

1j '4 10 40 100 STES RAI 20 40 10

3~1 0____ _ 10

*10 1

101

u 16 10

100 3o 10~ E

lo 1 10 z 1

10'1 104

10 6 16,

10 1

4 10 40 100 1 4 10 40 100
AK (KSI 'in7) P) AK/SI in



TABLE 7.5.3.11

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIC-URE7.5.3.11 INDICATING EFFECT

OF STRESS RATIO

*MATERIAL: ALUMINUM 2024
CONDITION: T351
ENVIRONMENT: R. T. ,S.T. W.

------ ----- ------ ----- --- DA-DN--- ----- --- -IN. - ----CYCLE-- --
DELTA K D/N(0*6I.CCE

* . (KSI*IN**1/2)
A B C D,

* R=+0- 00 R=+0. 33

A: 8.77 : 2.31
DELTA K B: 11.68 19.2

MIN C:

9.00 2.46
10.00 3.21
13. 00 25. 1
16.00 :49.6
20.00 :113.

A: 11.6E1 : 7. 19
DELTA K B: 24.00 .211.

MAX C:
D:

ROOT MEAN SQUARE 9. 30 6. 30
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1 1
SUMMARY 1.25-2.0
(NP/N4A)>20
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CONDITION/HT: T351 ALUM.
FORM: SHEET YIELD STRENGTH: 56.9 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK: 0. 182- 0. 192"
FREQUENCY: 1. 00- 10. 00 HZ SPECIMEN WIDTH: 12. 000" 2024
ENVIRONMENT: R. T.. S. T. W. REFERENCES:DA001

&K (MPA V/m) AK (MPA /"m)
4 10 40 100 4 10 40 100

(:I --SRS RTOt. 91°

STRESS RATIO =0.00 1 STRESS RATIO = +9.33

10 0 10
101 101

, i -- - 10.-2 10 .2

-1 
4 164 __

_ _______10-3___- _ _10-3 - 1
Z 1- 3  10 E

" - _ _ 10.4  - / - 3 0. "

10 - 10

---0 5 510 1 
.

10.6 
10.5

10.8 .I 1 11 -10"8 I .t] 1 1 11J I I I I IIljl -

1 4 10 40 100 1 4 10 40 100

STRESS RATIO= 100 STRESS RATIO= 100

1O2  10.2

10 -- _ _ __ _ ___10
"

_____ 
101

101 10- 1

*10F,1 7

10.2 -2.

.. .. :10 . E

10.  10.  z
10

4  0
4

10
-6 - 10- --

".. -7-1607 %--1 ... 6_

| - --___0
6  --~ 10

10 10-
i .' 10-6 I ~ l I ,] Il - 10"-6JIJ ~ i 1 I 11

-8 .1 0. 10-8 F 111061

" 1 4 10 40 100 1 4 10 40 100
&K (KSI V7n) AK (KSI v"i )

Figure 7.5.3.11

7.5-107

..: :.: :..:.: .. ...,-- . .. ,: .. =. . . ... , .-... ,-. . , *.. ** , . . . ., . .. . . . ,



TABLE 7.5.3.12

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGUJRE 7.5.3.12 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T351

- . ENVIRONMENT: R.T ,LAB AIR

DELTA K DA/DN (10**-6 IN./CYCLE)
(KSI*IN**1/2)

A B C D

R=-1. 00 R=-0. 50

A: 3. 50 .159
DELTA K B: 2.80 .0919

MIN C:

3. 00 . 0936
3.50 .159 .107
4.00 .161 .133
5.00 .270 .254
6.00 . 620 .575 -

7.00 : 1.60 1.40
8.00 : 3.91 3.04
9.00 : 7.26 5.43
10.00 9.44 7.87
13.00: 12.4 13.7
16.00 : 27.3 21.0
20.00 : 41.3 47.3

* .25.00 :115.

A: 20.00 : 41.3
DELTA K B: 27. 15 :140.

MAX C:

ROOT MEAN SQUARE 10.20 15.32
PERCENT ERROR

0 LIFE 0. 0-0. 5
PREDICTION 0. 5-0. a

RATIO 0.8-1.25 11

SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

* 7.5-108
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* CONDITION/HT: * 351ALM
FORM: PLATE YIELD STRENGTH: 54. 5 KSIALO
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK: 0. 242
FREQUENCY: 3. 00- 5. 00 HZ SPECIMEN WIDTH: 9. 000" 2024
ENVIRONMENT: R. T. *LAB AIR REFERENCES:0A001

AK (MPA A tK (MPA N/-i)
-. 4 10 40 100 4 10 40 100

STRESS RATIO= -1. 00 100 STRESS RATIO =-0. 50

1-2 ________ ________ -162

1073ly

101 101

-c 103 10-3 E
E

5 105
lo' 10

10 1-

1o7 10-

10 1

STRESS RATIO lo STRESS RATIO lo10

-62 __ _ _ _ _ -162

10 l

100

10 10
E

z5
10 lo 10~ z

m 6 10-4

66 _ _ _ _ _ _ _ _ _ _ 166

l1 1-

106 10.

10716 1..~id 1..ji 10 hL~Jill IL 11111
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TABLE 7531

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.13 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T251

ENVIRONMENT: R.T. -LAB AIR

DELTA K :DA/DN (10**-6 IN. /CYCLE)
h~. (KSI*IN**l/2)

A B CD

R=+0. 01 R=+0. 40 R=+0. 60 R=+0. 80

A: 5.00 .205
DELTA K B: 3.27 :. 182
MIN C: 5.50 .161

D: 3.34 :.316

3.50 .. 177 .161 .327
4.00 :.235 .250 .520
5.00 .205 .704 .878 1.71
6.00 :.521 2.00 2. 15 3.89
7.00 : 1.57 3.99 4.08 7.00
8.00 . 3. 19 6.24 6.60 11.4
9.00 : 5. 11 8.73 9.77 18.8
10.00: 7.09 11.7 13.8 33.2
13.00 : 13.0 24.0 33.9 175.
16.00 : 20.9 44.8 78.0
20.00: 39.8
25.00 : 91.2
30.00 : 205.
35. 00 : 389.

A: 39.11 : 546.
DELTA K B: 17. 04 :55. 1

MAX C: 18.46 :153.
D: 14.85 309.

ROOT MEAN SQUARE 14. 88 7. 66 6. 94 8. 45
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0+8

RATIO 0.8-1.25 1111
SUMMARY 1.25-2.0
(NP/NA) 2, 0
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* -r-~~yr-r---~~--r-w-r P .r r

* CONDITION/HT: T351ALM
FORM:PLATE YIELD STRENGTH: 54. 5 KS IALO
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: L-T 100 ZSPECIMEN THK: 0. 241 - 0. 242"
FREQUIENCY: 1.00-1.0H SPECIMEN WIDTH: 8. 995- 9. 000" 2024

* . IENVIRONMENT: R. T. *LAB AIR REFERENCES:OA001

&K (MPA v/'M) A~K (MPA x/Th)
-- 4 10 40 100 4 10 40 100

STRESS RATIO - 0. 01 10o STRESS RATIO -#-0. 40

1 00 -1 1 0-

10 10.117

10 02 10

10 -3 E

Cu10 E

10- 1. 10

10-5 10-5

107 10-

1 4- 1040 10 1 6 0

108lo 100.L.J.±.L
STRESS RATIO = +..60 10STRESS RATIO = +0-.8 10

10.1 10'

-or i0-3
, -2 -10 10

-4 4 C.)

10,
1  10

701 lo 3  100

1 1 0

Cu~l 1010-5 i

*10F- 10F

1076 10-6

1 46 10...L..LL 40 1001 4 10 0 10

uK (KSI ~ Figure 7.5.3-13 K(S.Jh
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TABLE 7.5.3.14

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.14 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T351
ENVIRONMENT: -65F,AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

* R=+0. 00

A: 27.49 : 176.
DELTA K B:

MIN C:

30.00 : 261.
35. 00 : 503.
40.00 B 66.
50. 00 : 2098.
60. 00 : 4367.

A: 60. 32 : 4463.
DELTA K B:

MAX C:

ROOT MEAN SQUARE 7. 04
PERCENT ERROR

LIFE 0. 0-0. 5
* PREDICTION 0. 5-0. 8
*RATIO 0.8-1.25 1

SUMMARY 1.25-2.0
(NP/NA) >2. 0



CONDITION/HT: T351 ALUM.
FORM: 0. 25"TH PLATE YIELD STRENGTH: 58. 9 KSIALO
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK 0. 259"
FREQUENCY: 1.00- 2.00 HZ SPCMNWDH 2 0"2024
ENVIRONMENT: - 850 F. AIR REFERENCES:DA001

AK (MPA V~) AK (MPA V/m)
*4 10 40 100 4 10 40 100

STRESS RATIO -I +000 100o STRESS RATIO=
1-2 

162______

10- l

10 10

10 0

cj1 U

S10- 3 0o3 E-
-

E

- -Z 1_ __ _ 10-s -z

16 
10 6

10 lo

1068 16
1 4~ 10 4 0 0 4 0

© STRESS RATIO = 0STRESS RATIO 100

1-2 
10-1__ 

__ _ 
1___ _ __2_

10-

101 101

1 3~ -3 Eo

C ~ E

z E
~10 5 _ _ _ _ _ _ __ -10*-z

10 4 4 0
10

-6 _ _ _ _ _ __ _ _ _ _ -166

10
10 o5 105

106 10-6

1 4 10 40 100 1 4 10 40 100

~K (KSJ ~/W)Figure 7.5.3.14 ~ KIV~
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TABLE 7. 5. 3.15

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.15 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T351
ENVIRONMENT: R.T. LAB AIR

DELTA K DA/ON (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+0. 00 R-+0. 40 R=+0. 80

A: 4.49 .109
DELTA K B: 3.67 .219

MIN C: 4.71 1. 06
D.

* .4.00 .227
*.5.00 .156 .478 1.41

6.00 .244 1.30 3.08
7.00 :.792 3.07 5.46
El .600 5.65

9.00 78

A: 7.41 1.79
DELTA K B. 9.120 8.26

MAX C: 7.53: 7.04

ROOT MEAN SQUARE 15. 52 12. 18 2. 83
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1 .25 111
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0
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CONDITION/HT: T:351ALM
FR:0.25"TH PLATE YIELD STRENGTH: 56. 9 KSI ALLOY

SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK: 0. 188- 0. 192'
FREQUENCY: 5. 00- 20. 00 HZ SPECIMEN WIDTH: 3.999- 4. 009" 2024
ENVIRONMENT: R. T. *LAB AIR REFERENCESDA001

4 10 40 100 4 10 40 100

- I ' ' I ' ' I I l ~ l ~ l l1 0 0

STRESS RATIO - 0. 00 STRESS RATIO - 0. 40

10 101

103
2 16o3

>1 -4 -4

olOo - 0 -)

1010 50
~1 10z

4 10 04 'c

10 lo 10

10'1  5 10-

1 6 06

1 4 10 40 100 1 4 10 40 100

I I'I'II I 'II'I 100
STRESS RATIO= -+0.80 STRESS RATIO 1

16 102

10.1 10-

i io 163

10-2
10

z 5~ 
10___ E 0~

lo 10 iO.

10' 10-

11 6

106 10-6

1 4 10 40 100 1 4 10 40 100
AK (KSI /in AK (KS1 v/Fnh
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TABLE 7.5.3.16

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.16 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T351
ENVIRONMENT: R.T. ,LAB AIR

DELTA K DA/DN (1O*-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=-1. 00 R=+0. 00 R=+0. 40 R=+0. 80

A: 11.83 12.2
DELTA K B: 23. 72 119.

MIN C: 10.67 17.9
D: 5.32 2.68

6.00 4. 16
7.00 8.61
8.00 17.7
9.00 34.2
10.00 60.9
13.00 17.5 28.0 204.
16.00 36.2 70.2
20.00 74.6 232.
25.00 159. 148.
30 00 325. 306.
35. 00 658. 552.
40 00 924.
50. 00 2324.

A: 38.29 1051.
DELTA K B: 52. 44 2877.

MAX C: 22.69 444.
D: 14.31 275.

ROOT MEAN SQUARE 17.03 3. 77 7. 82 9. 27
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8

RATIO 0.18-1. 25 2 1 1 1
SUMMARY 1. 25-2. 0
(NP/NA).>2 0
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CONDITION/HT: T351 ALUM.
FORM: 0. 25"TH PLATE YIELD STRENGTH: 5. 9 KSI ALLOY
SPECIMEN TYPE: CCP ULT STRENGTH:
ORIENTATION: L-T SPECIMEN THK: 0. 189- 0. 261
FREQUENCY: 1.00- 16.00 HZ SPECIMEN WIDTH: 11.997- 12.007" 2024
ENVIRONMENT: R.T.. LAB AIR REFERENCES:DAO11

i-" AK (MPA Vm) &K (MPA -,/'M)

4 10 40 100 4 10 40 100

STRESS RATIO = --1. 00 10STRESS RATIO =+03.100
16

2  
lO-2

10 3 1o 0-4/ 4,101

3U5. -C 10.  10_ lO- 1_;
" 10 1 o

10 10 .5  z

16 106
1"03 __ _10 _5_

4
_ - 10

4

?:10 lOo-,_lo

1010

10-a I..,.1..L.l.....L...LLlLL-- 10"8 I i ,Iii 1 I { j~jj -t l

1 4 10 :' 100 1 4 10 40 100
-- I ' I' J'I . ' ' ' +I ' 1 1 1 1 I ' I 1 1 1 I

STRESS RATIO -1-0. 40 10 STRESS RATIO = +0.80 10

l2 -62-
- 10- 0

10.1 10

. 4

10 10

E
z -6

" 0, 10 4  0.  "

6 - 10

00 10 5

10 10

1-.8 -- 1 o6 i 1o

10 -- L±LI w I I, - 0.8 10 4 10,II
, -4 10 4" 100 1 4 10 40 100

AK (KSI n/) AK (KSI VlTh)
•.Figure 7.7. 3. 1(
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TABLE 7.5.3.17

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.17 INDICATING EFFECT

OF STRESS RATIO

-.- MATERIAL: ALUMINUM 2024
~I CONDITION: T351

ENVIRONMENT: R.. ,LAB AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
* . (KSI*IN**1/2)

A B C D

R=+0.10

A: 1237 146
DELTA K B:

MIN C
D:

1300 17.5
16.00 295
20.00 550

A 24.93 209.4
DELTA K B

* - MAX C
- D:

- ROOT MEAN SQUARE 13. 67
*- PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8

RATIO 0.6-1. 25
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: T351 IiAUM1
FORM: 0. 25"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK: 0. 250"
FREQUENCY: 3.00 HZ SPECIMEN WIDTH: 5. 000" 2024
ENVIRONMENT: R.T., LAB AIR REFERENCESFRO01

AK (MPA Vr'F") &K (MPA %/m)
4 10 40 100 4 10 40 100

STRESS RATIO -0. 10 1 STRESS RATIO
;.16lO 2  1062

010. 10 -

- 10.1 10.
-4io

"0 __ _____10
.

_______ 10 . 4

..- ,. -1 _j------ 10 _ _~
-- 10 E

.- - 1010iE) -
Cu Z

W 10 -

4

1066- i- 166i-

10 o75 10
oF7 1106

10-8 I ,I , , I l- -8 10 I ,

1 4 10 40 100 1 4 10 40 100STRSSRTO 10 @ T 1 11'1F'FT 'T'11 -

STRESS RATIO = 10 STRESS RATIO = 10o

1101 101

10 3  -- 103

10-2 102

"*1o4 410"

""3 3 E
E__"__... ._ - 10 . '3 o

zV
-6 _ _ _ _ _ _ _ - _ _ _1_ _10-5  10 . 5  Z

1 o- 107

167 -7
1 - 10
:'' _ -10" _ 1 10"5

::.. 1-' - 1-8 _ --

1 4 10 40 100 1 4 10 40 100
AK (KSI 11'F) AK (KSI v/T)

Figure 7.5.3.17
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TABLE 7.5.3.18

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.18 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2024
CONDITION: T351

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

- A B C D

E = R.T. E-+ 20OF E-,+ 300F E=+ 400F
- LAB AIR AIR AIR AIR

A: 8.19 : 2.84
DELTA K B: 7.67: 3.23
MIN C: 6.72: 2.15

D: 6.52 : 2.02

7.00 : 2.38 2.44
8.00: 3.58 3.50 3.54
9.00 : 4.06 4.96 5. 14 4.99
10.00 : 5.98 6.92 7.43 6.89
13.00 1 14.8 17.5 19.2 16.4
16.00 : 28.3 37.2 38.6 35.2
20.00: 52.1

A: 21.86 " 64.7
DELTA K B: 16.64 : 42.7

MAX C: 19. 19 : 63. 7
D: 19.04 • 70.9

ROOT MEAN SQUARE 12.74 10.27 10.95 17.31
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

7.5 -12
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CONDITION/HT: T351
FORM: I. 50"TH PLATE YIELD STRENGTH: 51.5 KS[ ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 5.9 KSI
ORIENTATION- L-T SPECIMEN THK: I. 503"

. STRESS RATIO: *.0L01 SPECIMEN WIDTH: 2. 00" 2024
- ", FREQUENCY: 23. 0 HZ REFERENCES:U09=

AK (MPA V%/) AK (MPA v/M)
4 10 40 100 4 10 40 100

" - '1 1 It = I'' ' E ' I ' 1j
ENVIRONMENT: R. - • 100ENVI ONMENT: 20
LAB AIR AIR

1-2 10210i.- 10. 100-

110.1 101

1oF3  
- oF3

10.2 10.2

4 4

1::-: 10 _ U
=,.. : /10 "3  ,z.. 10 .3 E

E
.. i.o - 10 ~ s  - Z.

"- " _ 10. 4 -*1 .4 "

-,6,,-6 __ __ -__ __106  - 10- 5 z

1 OF 107

10.6 10.6

-. ,..,10F8 I , I, , , I , I 1 10 81 1 4 1 1 1 10 40 1 0

1 4 10 40 100 4 10 40 100,-, © ®
MV,. ENIRONMENT: 10 0 ENyWRONMENT: 400 100

6- 10 -
10 -  A

10.1 10-1

i oo3  
103

10 10 2

-Z. 103  0 3 E>.. 4 10 . 4

c S: 10 . 4 3
010 10E

. .io74 1-.

110 s

167 010-
10 _ __ _ __1__ _ __ _ - 5 10

10.6 1076

IP Oe I. L.LLLIJ UI , I , - 10"e  I W, I ..II* I.L, I JI
1 4 10 40 100 1 4 10 40 100

AK (SI vl'n)AK (KSI Vi7n)
Figure 7.5.3.18
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.'TADLE 7.5.3.19

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
-~ OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.19 INDICATING EFFECT

OF ENVIRONMENT
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MATERIAL: ALUMINUM 2024
CONDITION: T351

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B c D

* E= R. T. E-4. 200F E=+ 300F E-+ 400F
LAB AIR AIR AIR AIR

A: 7.96 : 4.07

DELTA K B: 6.84 :2.95
MIN C: 6.93: 2.44

D: 6.68e 2.73

7.00 :3.11 2.54 3.11
8.00 : 4. 14 4.37 4.28 4.77

ON:9.00 : 6.03 6.18 6.47 7.27
10.00 8 .62 8.70 9.35 10.6
13.00 : 21.4 22.2

A: 13.55 : 24.5
DELTAKIB: 13.54: 25.8

MAX C: 11. 58e 16.5 1.
D: 11.92le5

ROOT MEAN SQUARE 7.41 21.25 5.04 4.60
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8

RATIO 0.8-1.25
SUMMARY 1. 25-2. 0

(NP/NA) >2. 0

7. 5-122



CONDITION/HT: T351 TT 1
FORM: 0. 50"TH PLATE YIELD STRENGTH: 51. 5 KSIIALY
SPECIMEN TYPE: CT ULT. STRENGTH: 65. 9 KS!
ORIENTATION- L-T SPECIMEN THK: 0. 500"

.. STRESS RATIO: -.- & 10 SPECIMEN WIDTH: 2. 000" 22
.FREQUENCY: 20. 00 HZ REFER ENCES:UD009 22

AK (MPA -,/w) AK (MPA V/i)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. .. 100 @- ENVIIO ONMENT: 1- 200 F.
LAB AIR AIR

_1- 10 - 1

10-2 10.1

4 -4

-3 3 E

cco 1o7 1014o7

166

10,Z 0

*10F O

10-61

-68 -O8

(~IIIII 111 1 1''" 1 T11TT @I 7TTT ~ 1-1-
-./ ENVIRONMENT:-#- 300 -_ 100 ENVIRONNb tl 0 F. lo10

12 AIR Z12-AIR

-20- -2-

10F - 103

10-2 10,2

z _______ -5 102 075 0.

SloT -

V

10- - 10r

1 o~e I1-L

1 46 1040 10.6 1 0 0

AK (KSI %r'T n) &K (KSI vrJn)
Figure 7.5.3.19
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TABLE 7.5.3.20

.'-f. FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.20 INDICATING EFFECT
OF ENVIRONMENT

---------------------------------------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 2024
CONDITION: T351

DELTA K " DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E- R.T. E-+ 200F E-+ 300F E= 400F
:LAB AIR AIR AIR AIR

A: 6.16 : 1.90
DELTA K B: 5.35 : 1.66

MIN C: 5.80 : 1.47
D: 5.49 : 1.54

6.00 : 2.11 1.94 2.17
7.00 : 2.92 3.21 3.48 3.79
8.00 : 4.67 4.93 5.65 5.96
9.00 : 7.12 7.42 8.54 9.90
10.00 10.4 10.8 12.3 12.4
13.00 : 24.9 27.2 29.7 30.3
16.00 : 43.5 50.2 59.8

A: 16.29 : 45.4
DELTA K B: 17.32 : 60.7

MAX C: 16.43 : 65.5
D: 15.83 : 62.8

------------------------------- --------------------------------------------------
ROOT MEAN SQUARE 14.89 16.14 9.06 11.01

PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CON DITION/HT: T351ALM
FORM: 0. 50"TH PLATE YIELD STRENGTH: 51. 5 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 65. 9 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 500"

A -~STRESS RATIO: -0. 30 SPECIMEN WIDTH: 2. 000" 2024
, AFREQUENCY: 20. 00 HZ REFERENCES:U0009

AK (MPA V/W) AK (MPA --,/-)
4 10 40 1oo 4 10 40 100

-ENVIRONMENT: R. 4.1.1 100 lo ENVI O8NMENT: +- 200IF.1

12-LAB AIR 7-12-AIR

1010 10

10.1 z 0'F

-10.2 10-2

. -4 1.4 _ _ _

10, 10, E 0
10 E

W 10,E

10 6 10-

68~ o 5  ~

10RNEN:10 
o

10-

1002 ENIOMET2 0F 0

1 0 - 1

14. 104

10 102.

-4 o 7 
0 - ,

W. 5
- 100-

106 10-6

16 - al II - I Ti1o1117

1 4 1 40 1410 40 100
&K~~~~~~ o5Ijn A KIvmFigure~ 7..32
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TABLE 7.5.3.21

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.21 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2024
L" CONDITION: T351

DELTA K DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2) :
,., .:A B C D

E= R. T. E=+ 200F E=+ 300F E-+ 40OF
:LAB AIR AIR AIR AIR

A: 5.77 : 1.92
DELTA K B: 5.60 : 1.59
MIN C: 5.46 : 1.62

D: 4.93 : 1.41

5.00 : 1.47
6.00 : 2.25 2.09 2.35 2.57
7.00 : 3.94 3.77 4. 14 4.08
8.00 6 .13 6. 13 6.55 6.27

• - 9.00 : 9.06 9.31 9.66 9.55
10.00 13. 1 13.5 13.6 14.6
13.00 : 33.8 31.7

S-- A: 12.59 : 35.0
,*- DELTA K B: 13.83 : 42. 2
,"'-" MAX C: 13.79 : 38.6

D: 12.26 : 39.4

ROOT MEAN SQUARE 15.98 7. 06 7.78 17.54
PERCENT ERROR

LIFE 0.0-0.5

PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

.. 1
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CONDITION/HT: T951 ALUM
FORM: 0. 50"TH PLATE YIELD STRENGTH: 51. 5 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 05. 9 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 5001,

* SRES ATO:.050SPECIMEN WIDTH: 2. 000"24
FREQUENCY: 20.00 HZ REFER ENC ES:UDoo9 22

-~AK (MPA -%/-) AK (MPA V/m)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. .10NVONM N:200
LAB AIR AIR

10 -010

10.1 10-2

10- z10

11_ _ - 10 5

Z.F -4

10 1010

10-5 10-

6 71 0 6 1 F 71 0 6

104 1 4 14 1 4 0
ENJ © NMENTp 0 @2. l40

EN~ONMNT 10ENIRONMENT. 1

10 2 102

10.1 10.1

10,2 1-2?

44 0

-3 -10 10 E
E

z -
V 10 - 5  107- z

100,4

10 1010

1 o-5  17

a7 -07

10-6 1076

10 108

-~AK (KSI -./i) Figure 7.5.3.21 AK (KSI V17)
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TABLE 7.5.3.22

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.22 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2024
CONDITION: T351

DELTA K DA/DN (1O0e*-6 IN. /CYCLE)
(KSI*IN**1/2)

.A B C D

E= R. T. E=+ 200F E=+ 300F E-s+ 400F
:LAB AIR AIR AIR AIR

A: 5.67 :1.67
DELTA K B: 6.63 :3.96
MIN C: 6. 14 :3.03

D: 4.1 :e 1.05

5.00 :1.56
6.00 : 2.18 2.85
7.00 : 4. 10 4.44 4.62 5. 10
8.00 : 6.60 6.71 7.24 8.47
9.00 : 9.89 10.2 10.9 12.8
10.00 : 14.4 14.3 15.6 17.6

A: 10.96 : 20.5
DELTA KB: 10.11 :14.7

-. MAX C: 10.71 :19.8
D: 10.12 :18.2

-- - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -

ROOT MEAN SQUARE 6.39 5.54 6.01 15.04
PERCENT ERROR

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

*LIFE 0.0-0.5
* PREDICTION 0. 5-0.8~

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: T351 ALUM.
FORM: 0. 50"TH PLATE YIELD STRENGTH: 51. 5 KSI ALLOY

V/u SPECIMEN TYPE: CT ULT. STRENGTH: 65. 9 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 500"

'FREQUENCY: 20.00 HZ REFERENCES:UD00O22

AK (MPA %/m) &K (MPA Vm)

*4 4 10 40 100 4 10 40 100

ENVIRONMENT: R.4.1,"' 100o ENVI40 NM ENT: -I# 200 fil
LAB AIR AIR F

1 2-2 
________ ________

10 - 10

10.1 100

c~1 10IT1

Cu 4

1 0,3 103 E

107 10

1010

1~ 410 4 0 4 10 40 100

- ENIONMENT~~ 100 162o ENVIRONMENT:~ 400-- 0
-AIRAI 

o

100-1
-Cv 10110-1

,6*3  Z 1 073' -

10' 10 -

4 -4
16_ __ 10-

10 -3. E

10 E1

10 10

.106 
106

10 10

10 * * *--10F7

'. .' 4 0 4 1001 4 10 4 10
AK0 6KI~T iue7532 K(S ~
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TABLE 7.5.3.23

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

v ON DATA ASSOCIATED WITH FIGURE 7.5.3.23 INDICATING EFFECT

p OF ENVIRONMENT

MATER IAL: ALUMINUM 2024
CONDITION: T351

DELTA K :DA/DN (1O**-6 IN. /CYCLE)

A B C D

* E= R.T.
LAB AIR

A: 5.32: .130
DELTA K B:
MIN C:

D:

6.00 :.411
7.00 : 1.34
8.00 : 2.97
9.00 : 5.22
10.00 : 7.88
13.00 : 17.0
16.00 : 27.7

A: 19.53 45.9
DELTA K B:

MAX C:
D:

ROOT MEAN SGUARE 18. 92
* .~ PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8B

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: T351ALM
FORM: 0. 75"TH PLATE YIELD STRENGTH: 54.4 KSIALO

LSPECIMEN TYPE: CT ULT. STRENGTH: 89.3 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 248"

STRESSRATIO:.0. 33SPECIMEN WIDTH: 2. 500' 02

-* ' FREQUENCY: 25. 00 HZ REFER ENCES:AL002 22

AK (MPA v/m) AK (MPA V/m)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. . 100 ENV 1NMNT
LAB AIR

1-2 
16______ ________ -i2

10-1 10.1

1, 1F 163l.?~

__l0 2 10 - 2

10 103 E

z E

0 1o0-5 z

i66 - 1 1661o-

-77

107 
.

100

© ENVIRONMENT: 100 ENVIRONMENT: 100

162 _ _ _ _ _-162 
7

10 0-

10F1 10.13

- 10-2 io 02

~ 10'- ___ ___0

c 1 0 J 103 E

cv~10 -I~l 10

-0 16 107 10

100

10 - 10,610 10.6

* 108 L .-7 ~ -ii i..LJa i8 1.I.....L..i ....... L Iia
1 4 10 40 100 1 4 10 40 100

AK (KSI %/In) AK (KSI V'IM)
Figure 7.5.3.23
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TABLE 7.5.3.24

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRF9S INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE7.5.3.24 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2024
CONDITION: T351

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

E= ER.T.
:H. H. A.

A: 3.11 :.085
DELTA K B: 5

MIN C:
D:

3.50 : .150
4.00: .183

* 5.00 :.356
4,6.00 :1.02

7.00 : 2.61
8.00: 5.12
9.00 : 7.96
10.00 : 10.6
13.00 : 20.2
16.00 : 36.3
20.00 : 96.4

A: 24.63 l 38.
DELTA K D:
MAX C:

D:

* ' ROOT MEAN SQUARE 19.66
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 2
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

7. 5-132



. S. . . . ~ - . .. * ..-. j. .. --
7 - 7 - W r. - . w - - v

'5'

CONDITION/HT: T351YILSTEGH
FORM: 0. 75"TH PLATE YIELD STRENGTH:ALLOY
SPECIMEN TYPE: WOL ULT. STRENGTH:
ORIENTATION L-T SPECIMEN THK: 0. 249"
STRESS RATIO: -0. 33 SPECIMEN WIDTH: 2. 546" 2024
FREQUENCY: 25. 00 HZ REFERENCES:AL010

AK (MPA ,/MW) AK (MPA V m)
H....A 10 40 100 4 10 40 100

ENVIRONMENT: R. T E 10N 14 8 NMENT:

100 lo1
_10 10.1

10.3  -I0-
3

-162 1010- Z -3 E.210 E

u 10 10.3
- 10 3

".0- 1065  10.5  -- Z
S1010

4

-"10- 101-'.6  -S1010"-

16 6 -6
10.  10
U5  1 5

10 10"7-

10-6 Z 10-6

,. '.1 4 10 40 100 1 4 10 40 100

ENVIRONMENT: @ ENVIRONMENT: 100

1-2 62 Z
S- 10 1  10-1

S-10.- 10
1, 4 -- >

10" 102

.010 .3  0- E

10 E

-1o 10-5  z
;''. 1 - -0

4  
_ 10 "

1010-

21 6i - 166

10.5  10-

7 -F7
10 - 106

@2' 108 -- I j ,Ii I Ji ,1 1 - 10.8 I ,IIi I .i 1,, -

10F 0-
1 4 10 40 100 1 4 10 40 100

AK (KS I v/T) AK (KSI V/7n)
Figure 7.5.3.24
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TABLE 7.5.3.25

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.25 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2024

CONDITION: T351

DELTA K .DA/DNI (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

E= R. T.
:H. H. A.

A: 3.20 :.0726
S DELTA K B:

MIN C:

3.50: .139
4.00 :.330
5.00 :1.10
6.00 : 2.44
7.00 4.33 A

8.00 : 6.72
9.00 : 9.60
10.00 : 13.0
13.00 : 26.9
16.00 : 49.6

A: 18.73 : 57. 1
S DELTA KDB

MAX C:
D:

* ROOT MEAN SQUARE 26. 03
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0 1

RATIO 0.8-1.25 1
SUMMIARY 1. 25-2. 0
(NP/NA) >2.0
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CONDITION/HT: T351 ALUM.I
FORM: 1. 25"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: VOL ULT. STRENGTH:
ORIENTATION L-T SPECIMEN THK: 0. 248- 0. 24911-M

ZSTRESS RATIO: -t0. 33 SPECIMEN WIDTH: 2. 545- 2.548202
FREQUENCY: 25. 00 HZ REFERENCES:AL010 22

&K (MPA V/T) &K (MPA 1 /h
4 10 40 100 4 10 40 100
Ip 1- _111_____1_1__1_1_1_1__1_1__

ENVIRONMENT: R. T. 100 \./ ENVII ONMENT:

10.' 101

-2d110 1010

-0 1 1 1

5o 1-5

10-6 -=10-6

11111 1 1 1 1111[1 1 IM I I I I 1 111 -
ENVIRONMENT: 100 @ ENVIRONMENT:10

10- - 10

10.1 10.1

'a 102 102 ;

-4 4
10O 10

c 1 o' -3 E
Z- 10 E

z 5__ _ _ _ __ -1

~10*10

%10' i5

_ _ _ _ _ _ _ _ _1--6

10-

1 4 10 40 100 1 4 10 40 100

1/. AK(KS~~v'Th Figure 7.5.3.25 K(Sv'T
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TABLE 7.5.3.26

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.26 INDICATING EFFECT
OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T3511

. qv ENVIRONMENT: R.T. ,LAB AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+0. 05 R=+0. 50

A: 4.39 : .0786
DELTA K B: 2.35 : .0724
MIN C:

D:

2. 50 : . 0618
3.00 : .113

.. 3.50: .144
4.00 : .175
5.00 : .129
6.00 .177
7.00 : .229

A: 7.96 : .361
DELTA K B: 4.49 : .204

MAX C:
D:

ROOT MEAN SQUARE 31.67 22.07
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8

". RATIO 0.8-1.25
SUMMARY 1. 25-2.0

' (NP/NA) >2. 0
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CONDITION/HT: T3511 ALUM.
FORM: EXTRUSION YIELD STRENGTH: 58.7 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 79. 3 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 370"
FREQUENCY: 9.00 HZ SPECIMEN WIDTH: 4. 000"
ENVIRONMENT: R.T. o LAB AIR REFERENCES:BWOO1

&K (MPA /i) AK (MPA v'm)
4 10 40 100 4 10 40 100

STRESS RATIO = 0. 05 STRESS RATIO = 40. 50
16.2  1O'2

-. 10 "  lo
10-2 102

__ _ __ _ _ 3 -3oE10 2 
10 E

z 1 0 5 1 0 -_

Z0 _____ 10
. 4  - 10

:,"106- ,___--10
- __

:-.. 10.  10.
100

10 -  101-

7. 70 10

*10 "e  ~ I** , IJJ , l jljI , , Ij*j 10"8 I , II I l l

1 4 10 40 100

STRESS RATIO = STRESS RATIO= 10o

1-2 
16_______ 2

101 10" -
10.- 10 -'

lcf -2
0- 10 10-2

>. 16.4  164 -- >

C_ 10 -3  - 0-3 "E_. --4

"' i i '-1 -10

Z ___106 -- _ - 10- - z~o14

110-- 1--

-6,_-- __-_10

6  10
. 6

_", ,14 10 40 100 1 4 10 40 100

. . AK (KSI .vf'Tn) A K (KSI ./l )

Figure 7.5.3.26
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TABLE 7.5.3.27

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.27 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T3511
ENVIRONMENT: R.T. ,H.H.A.

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

: R=+O. 05 R=+0. 50

A: 5.00 : .0615
DELTA K B: 2.35 : .0342

MIN C:
D:

2.50 : .0555

3.00 : .114
3.50 :.160
4.00 : .280
5.00 .0615
6.00 : .141
7.00 : . 514
8.00 : 1.72
9.00 : 4.22
10.00 : 7.05

A: 10.62 • 7.90
DELTA K B: 4. 18: .380

MAX C:
.,,. .. D::

ROOT MEAN SQUARE 33. 49 26. 13
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25

SUMMARY 1.25-2.0
(NP/NA) >2. 0

S_%
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CONDITION/HT: T351 1 ALUM.
FORM: EXTRUSION YIELD STRENGTH: 58. 7 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 79. 3 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 370"
FREQUENCY: 9. 00 HZ SPECIMEN WIDTH: 4. 000"

- ENVIRONMENT: R. T.. H. H. A. REFERENCES.BWO01

AK (MPA .%/m) AK (MPA V/i)
.-. 4 10 40 100 4 10 40 100

STRESS RATIO = +0. 05 STRESS RATIO = -0. 50

162 -162

--1 10F" 3 - -_ 10 1

10--3- 1-3  E

- - lOic l -i_

i0~ E
(, 5 165

-"010 
-

166 - 166

7 11 o5

-.. ! 1 6 1-
10.6 10

; -........ LLL - -~ ..... ±.L~i

-.. 1 4 10 40 100 1 4 10 40 100
tf.% = I 1 111 11 1I'1I'11 -=I I 1 I11' 1'' 0 11 -

STRESS RATIO = 1 STRESS RATIO= 10o

1-2 _ 162
11001 101

10-2 10-

. 10.3  10.3 E

- 1°5 10-5
z

, ,.. 5  _________ _____ __ 1
.  

__ 0
4

"

104 1--

10 10-
11 OF

100 17:. 106  1010.6

' 1 4 10 40 100 1 4 10 40 100

,-,, K (KSI V IM) A K (KSI v 77' )
K(-.. T )Figure 7.5.3.27
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TABLE 7.5.3.28

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.28 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T3511

ENVIRONMENT: R.T. 5H.H.A.

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+0. 50

A: 3.57 :.169
DELTA K B:
MIN C:

4.00 :.164
3.00 .431
6.00 : 1.38
7.00 : 3.12
8.00: 5.19
9.00 : 7.30

13.0016.2

* .16.00 : 28.0
20.00 : 62.3

25.00 : 173.

aA: 28.79 : 239.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 29. 74
PERCENT ERROR

a'LIFE 0.0-0.5
Z v , PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: T3511 ALUM.
FORM: EXTRUSION YIELD STRENGTH: 58. 7 KSI ALLOY

SPECIMEN TYPE: CCP ULT. STRENGTH: 79. 3 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 370"
FREQUENCY: 9. 00 HZ SPECIMEN WIDTH: 5. 000" 2824

ENVIRONMENT: R. T.. H. H. A. REFERENCES:BWO01
:::,

&K (MPA V/'mT AK (MPA ,/'m)

4 10 40 100 4 10 40 100

G2 STRESS RATIO = -0. 50 - V STRESS RATIO
:i1 I 2  l1-2

10-2 
10- _

10"3  10-3

100

S10-2 102

1'4 10

103  z 10.3 E

105

4o10 404100

-: - _2_-_______
10 - 1010 

10-5

-
10-

*u Z~i~ 101

10-6  _10
6

- 108

-, 1 4 10 40 100 14 10 40 100"

S T l o ll 
oolI 

' ' ' I I

• STRESS RATIO =1o STRESS RATIO =1

210
"  1 01

10-1

,., oF3 10 2  I02 3

101"-2 10- 2>

.. 10.  - 103 E

•Z 10. 5 
1 6 5 - 10_

z

: 10"S__--4 
10.54

10-7 _ - 10-5 -

-- . 10.  10 .6

':;1 4 10 40 100 1 4 10 4 0 100

& K (KSI &')Z K (KSO VrTn)

Figure 7.5.3.28
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TABLE 7.5.3.29

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.29 INDICATING EFFECT

OF STRESS RATIO
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MATERIAL: ALUMINUM 2024
CONDITION: T3511

;, ENVIRONMENT: R.T. 5H.H.A.
---------------------------------------------------------------------------------------

DELTA K DA/DN (,LO4*-6 IN. /CYCLE)
(KSI*IN**1/2)

.A B C D

R=-1.00 R--0.20 R=+0.04 R=+0.40

A:
p:: DELTAK B:

MIN C:

* . 200.00

A:
DELTA K B:

MAX C:

SROOT MEAN SQUARE 0. 00 0. 00 0. 00 0. 00
PERCENT ERROR

----------------------------------------------------------------------------------
-= LIFE 0. 0-0. 5
/* PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0
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CONDITION/HT: T3511L
FORM: 0.20"TH EXTRUSION YIELD STRENGTH: 61.2 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 80.4 KSI
ORIENTATION: L-T SPECIMEN THK:

* FREQUENCY: 6.0 HZ SPECIMEN WIDTH: 4.000" 2024
ENVIRONMENT: R. T. H. H. A. REFERENCES:BW005

AK (MPA %/im) AK (MPA -/m)
4.. 4 10 40 100 4 10 40 100

STRESS RATIO = -1. 00 10° STRESS RATIO -0. 20
•l-2 lO.__ __ _ _ _ _ __ _ _ 2 _ _ _ _ _ _ _ _ _ _ _ _ _

110 10

'.,:-'-2__
,*,,"21-1010

.

. 4

]103 -
1 0 3

- -- -5 C310 10-5

10-4
1 1016 6

10_ - 10
1076 10-6

107 - 10 --
- 10.6 -_ 10.6

10.8 I J 4I ' ..I.L.±IL, IJ Jl 10-8 1L.. I .. l.Lb 1 .. L.±. l~ll --

1 4 10 40 100 4 10 40 100
Iz 1 1 1 1 1 - I ' I I' 11 11 1 ' 1 1 11 11

STRESS RATIO = 0.o4 10 @ STRESS RATIO = -. . 40 10°

1-2 
-2

11001 10-1

10F- 1013

10 - 10.2 _ 10-2

10 . 4  - -10
4-4

. -4 [ . 1 
.  

_ i_] _10
.3

o 10- 10 z

In ] -io- E

10-6 -- 1-6 _-

105  105

107 --

1 06 10.6

11 4 10 40 100 1 4 10 40 100
AK (KSI \-) AK (KSI v/ 7)

N,, Figure 7.5.3.29
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TABLE 7.5.3.30

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.30 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T42
ENVIRONMENT: R.T. LAB AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

: R-1. 00 R=+0. 02 R=+O. 50

A: 5.48 : .651
DELTA K B: 5.32 : .187

MIN C: 4. 18: 187
D:

5. 00 .424
6.00 : 1.04 .275 1.20
7.00 : 2.03 .685 2.33
8.00 " 3.29 1.53 3.86
9.00" 4.76 2.75 5.73
10.00 : 6.41 4.25 7.89
13.00 : 12.7 9.49 15.8
16.00: 22.2 15. 1 25.7
20.00 : 44.3 23.6 42.5
25.00 : 101. 40.0 72.3
30.00 : 223. 70.9 118.
35.00 : 468. 134. 188.
40.00: 939. 271.
50.00 : 2809. 1131.
60. 00 : 3097.

A: 55.92 : 4173.
DELTA K B: 67.71 : 4480.

MAX C: 39.01 : 271.
D:

ROOT MEAN SQUARE 28. 64 47. 76 16. 10
PERCENT ERROR

LIFE 0. 0-0 5
PREDICTION 0.5-0.8
RATIO 0.8-1.25
SUMMARY 1. 25-2 0
(NP/NA) >2. 0

7.5-144
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CONDITION/HT: T42 ALUM.

SPECI0 RMEN TYPE: PLATE YIELD SRT:STRENGTH: 45.4 KSI ALLOY

ORIENTATION: L-T SPECIMEN THK: 020
FREQUENCY: 10.00 HZ SPECIMEN WIDTH: 4. 000"22
ENVIRONMENT: R. T. *LAB AIR REFERENCES:MA006

AK (MPA -%/M') AK (MPA V/m)
4 10 40 100 4 10 40 100

STRESS RATIO = -1. 00 STRESS RATIO -,,-0. 02 1.

10 - 10

1o73  1-7

10.21
L) Q

> -4 -4lO-10 1-

c10 10

D 10 10
10 '

101 -4 c

7- 167

10

-2 -6

10.1 101

10 4i040104 10 4 0

1 -2- io
010 1-2

c 1133
10~ ~10

* 10 -107

-7 -710 F 10O

1 0-6 1 0-6

1 4 10 40 100 1 4 10 40 100
AK (KSI y')AK (KSI \T

Figure 7.5.3.30
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TABLE 7.5.3.31

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.31 INDICATING EFFECT

OF STRESS RATIO
-------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 2024
CONDITION: T62

* . ENVIRONMENT: R.T. H.H.A.
-------------------------------------------------------------------------------------

DELTA K :DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

: R=+0. 10 R-+0. 30

A: 4. 12: .24
DELTA K DB 3.95 :.08

MIN C: 1
D:

4.00 :.0912
5.00 :.312 .465
6.00 :.503 1.32
7.00 :.916 2.74
8.00 :1.74 4.68
9.00 : 3.03 7. 13
10.00 : 4.68 10.1
13.00 : 11.8 22.4
16.00 : 23.1 42.8

-2>20.00 :96.4

A: 19.00 : 37.5
DELTA K B: 20. 04 :97. 2

MAX C:
D:

ROOT MEAN SQUARE 14. 55 35. 15
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. e

RATIO 0.8-1.25 1
SUMMARY 1.25-0 1

(NP/NA) >2. 0
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CONDITION/HT: T52 ALUM.
FORM: 0. 13'TH SHEET YIELD STRENGTH: 60.3 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 74. 9 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 125"
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 8. 000" 22

EVIRONMENT: R. T..* H. H. A. REFERENCES:G0004

* AK (MPA -%/M) AK (MPA -%/m:)
4 10 40 100 4 10 40 100

G) STRESS RATIO -o-0. 10 -100 STRESS RATIO = oo 30
-62 _______ -2 _ ______

10 - 10

'S.10-1 

10.1

-2io
10. -O2

olO - 10

c 10- 103 E

z0 1 ___5 - 5 E
100 z

104 1074.

-66 -T3________

11 
1

-7

10-6 10.6

STRESS RATIO 100 STESR@I1

10 - 10

10. 10.107

11 -

10 - 10 2

~10-5 -10~ -5 z

1 o74

7 10-

1-6 107
10~1 - 10..LLLi 1 L.LLL 6....d

1078 -1 0 1 1 11 1 11 8
1 4 10 40 100 1 4 10 40 100

~K (K SI vTi ) AK (KSI 1T
Figure 7.5.3.31
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TABLE 7.5.3.32

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.32 INDICATING EFFECT

OF STRESS RATIO

* MATERIAL: ALUMINUM 2024
CONDITION: T62
ENVIRONMENT: R.T. ,S.T.W.

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

. R=+0. 0 R-+O.50 R=+0. 70

A: 4.46 : .336

DELTA K B: 2.50 .138
MIN C: 2.69 : . 150

3.00 : .279 .26B
3.50 : .374 .413
4.00 : .561 .716
5.00 : .772 1.43 2.05
6.00 : 1.73 3.17 3.66
7.00 : 3.63 5.53 5.78
8.00 : 5. 17 7.59 10.7
9.00 : 6.29
10.00 : 7.61
13.00 : 20.8
16.00 : 53.1

A: 19.67 • 57.0
DELTA K B: 8.83 • 8.35

MAX C: 8.21 : 12.0
D:

ROOT MEAN SQUARE 17.67 32.04 13.00
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

_* RATIO 0.8-1. 25
SUMMARY 1.25-2.0 1 1
(NP/NA) >2. 0
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CONDITION/HT: T62 ALUM.
FORM: 0, 13'TH SHEET YIELD STRENGTH: 60. 3 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 74. 9 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 125"
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: S. 000" 2024
ENVIRONMENT: R. T.. S. T. W. REFERENCES:GD004

AK(MPAVm) AK (MPA x~
4 10 40 100 4 10 40 100

STRESS RATIO -0. 10 STRESS RATIO = +-0. 50
102 6_ 12 -- _

-10.1 10"1

102.3
C1 10 .2  0- 2

- 0>" 1010.

4 7-
S :10

-3  1 
- 3  E

S10.10

100U4

10 110 -0

10F -1

.6 10 .6

4 10 40 1001 4 10 40 100
= I I 1 11 111 1 1 1 111 1 - = I I 1 1 1 1 1

STRESS RATIO= 0. 70 100 @ STRESS RATIO= 10

1-2 1-2

10. - 10100' ' 1

i" oF 
100F3 

0"

15 m- 10-5--102 10.2

4 U4

13

Z.': _ _ _ _ _ -~ -o = io -

*" 1 - - -1. - _ _ _ _ _ _ _ _0 101 10
'pm 

11o61-5

10 - 1I-7

107 -6

1 4 10 40 100 1 4 10 40 100
AK (KSI Vfin) &K (KSI VrTn)

Figure 7.5.3.32
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TABLE 7.5.3.33

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.33 INDICATING EFFECT

OF STRESS RATIO

v-------------------------------------------------------------------------------------
MATERIAL: ALUMINUM 2024
CONDITION: T62
ENVIRONMENT: R.T. ,DRY AIR

- -----------------------------------------------------------------------------

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+0. 10 R=+0. 30 R=+O. 50

.- A: 4. 17 : .299

Z- DELTA K B: 3.56: .129
- MIN C: 2.36 : .0347

D:

2.50 : .0456
3.00 : .105
3.50 : .206
4.00 : .190 .366
5.00 : .812 .711 .947
6.00 : 1.89 1.86 2.07
7.00 : 3.47 3.54 4.08
6.00 : 5.56 5.6e 7.43
9.00 : 8.15 8.24 10.6
10.00 : 11.3 11.3 13.1
13.00 : 24.6 25.8
16.00 : 46.7 58.9

44 ..

A: 16.21 " 48.7
*v. DELTA K B: 19. 40 : 125.

MAX C: 12.69 : 29.0
D:

% ROOT MEAN SQUARE 10.91 11.42 22.01
PERCENT ERROR

LIFE 0.0-0.5
' PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0 1
(NP/NA) >2. 0

'515
."4' 4
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CONDITION/HT: T52ALM
FORM: 0. 13"TH SHEET YIELD STRENGTH: 56.2 KSIALO
SPECIMEN TYPE: CCP ULT. STRENGTH: 73. 5 KSI

-~ORIENTATION: TL SPECIMEN THK: 0IL 125"
FREQUENCY: 8.00 HZ SPECIMEN WIDTH: 5. 000' 02
ENVIRONMENT: R. T. *DRY AIR REFERENCES:GD004

202

AK (MPA -%/M) &K (MPA N/?ii
4 10 40 100 4 10 40 100

STRESS RATIO - 0. 10 loSTRESS RATIO = *0g. 30

162 16i2

-10-1 101

1oF3  
- oF3

10-2 10-2 _

10 10 10 10 E
E

~10- 5 -1 105 io

166
100

10, 0-

168 106 1

10 4 10 40' 10 4 10 40 100

STRESS RATIO = +0.50o STRESS RATIO lo10

10-2____________ ____________ 
11

9 10-1

10'

@11 6 4
U 16 U

10, 10 E
z E

-V~~0 10-1*m

161
-6 __ ____ __ -166

10 0-

10F

100

1~0 41040101 4 10 460

A K (K SI 7n &K (KSI V/in)
Figure 7.5.3.33
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TABLE 7.5.3.34

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* DATA ASSOCIATED WITH FIGURE7.5.3.34 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T62
ENV IRONMENT: R. T. . H. H.A.

DELTA K :DA/DN (10**-8 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

: R=+0. 10 R-+0. 30 R=+0. 50

A:
DELTA K B: 4.77 .. 573
MIN C: 2.25 .118

D:

2. 50 . .126

3.00. .176
3.50 .289
4.00 .. 484
5.00 .. 787 1.26 -

6.00 .2.12 2.70
7.00 .3.94 4.70
6.00 .6.07 6.84
9.00 .8.59 9.52

10.00 .11.7 14.5
13.00 .29.9 48.5

A:
DELTA K B: 13.80 .39.3

47MAX C: 14.13 .56.2

ROOT MEAN SQUARE 0. 00 28. 43 19. 50
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8

RATIO 0.8-1.25 1
SUMMARY 1.25-. 1
(NP/NA) >2. 0
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CONDITION/HT: T62ALM
* FORM: 0. 13"TH SHEET YIELD STRENGTH: 56B. 2 KSIALY
*SPECIMEN TYPE: CCP ULT. STRENGTH: 73. 5 KSI

-:ORIENTATION: T-L SPECIMEN THK: 0. 125"
FREQUENCY: 1.00 HZ SPECIMEN WIDTH: 16.000"22

*ENVIRONMENT: R. T..* H. H. A. REFERENCESGD004

AK (MPA -',/W) AK (MPA ~/W
4 10 40 100 4 10 40 100

STRESS RATIO -o-+0.10 100 ~.' STRESS RATIO =.0.30o

1 00 10 1 0

10.1 10F1

0 102 10-2

U U

Uru -10 10

E
z -5 Z0

U5 1

10o 1- - 10

1 4~ 10 4 0 0 4 0

100 -10

(W 106 1

10- -21

01

Z10 10 E
~~10*1 E 0

10 10-4

1067 10.6

-8 -F8 I f 111 1 1 1 1Il

1 4 10 40 100 1 4 10 40 100
AK (KSI vflon AK (KSI VT7mh

Figure 5.7.3.34
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TABLE 7.5.3.35

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE7.5.3.35 INDICATING EFFECT

OF STRESS RATIO
-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MATERIAL: ALUMINUM 2024
CONDITION: T62
ENVIRONMENT: R.T. .S.T.W.

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R--0. 25 R-+0. 10 R-+0. 30 R-+0. 50

A: 5.00 :.862
DELTA K D: 4.32: 573
MIN C: 3.26: 385

D: 2.24 :.0837

2.50 : 151
3.00 :.166
3.50 :.482 .294

*4.00: .665 .721
5.00 :.862 .696 1.24 2.83
6.00 : 1.87 2.08 2.55 4.58
7.00 : 3.43 3.91 4.96 6.03
83.00 : 3.48 4.86 8.66 9.09
9.00 : 3.55 5.26 13.1 15.8
10.00 : 4.87 5.87 17.0 25.7
13.00 : 23.6 17.0 29.2
16.00 :92.6

'A'A: 15.39 : 43.8
DELTA K B: 15.29 :22.2kMAX C: 16.37 :114.

-D D: 11.22 :39.8

ROOT MEAN SQUARE 13.05 11.67 23. 59 19. 16
* . PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25

SMAY1.25-2.0 1 11
(NP/NA) >2. 0
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CONDITION/HT: T82 ALUM
FORM: 0. 13"TH SHEET YIELD STRENGTH: 58.2 KSIALO
SPECIMEN TYPE: CCP ULT. STRENGTH: 73. 5 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 125" 22
FREQUENCY: 1.00 HZ SPECIMEN WIDTH: 6. 000"24
ENVIRONMENT: R. T..* S. T. W. REFERENCESGD004

AK (MPA V/-*) AK (MPA V-m)
4 10 40 100 4 10 40 100

-STRESS RATIO =-0. 25 102 STRESS RATIO -o. 10

-10.1 10.1

1o3  10F3

c10
-10 10~

4 -4

16i 10-
c 10O3 10 3

EP

10' 10

10'

1 .6 -06

10 10

10.1 1008
io~ 1

102 -22
* 100

>. -4 10
- 10)

16 101F33~-

E
5 z______ _______

165~10- z
10740o-

m

1 0 1 05 0 7

% 1 _ _ _ _ _ _ _ _ _ _ _ 1 OF
7

106 10.6

1 4 10 40 100 1 4 10 40 100
AK (KSI vrin) AK (KSI Vrn

Figure 7.5.3.35
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TABLE 7. 5. 3.36

.4....FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* - DATA ASSOCIATED WITH FIGURE 7.5.3.36 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T81

* ENVIRONMENT: R.T. -LAB AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+0. 05

A: 10.00 : 8.08
DELTA K B:
MIN C:

* 13.00 : 13.3
18.00 26.8
20.00 : 68.1
25.00 : 183.
30. 00 392.
35. 00 6 84.

A: 36.74 : 795.
DELTA K B:

MAX C:
D:

-------------------------------------------------------------------------------------
ROOT MEAN SQUARE 16. 24
PERCENT ERROR

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

LIFE 0. 0-0. 5
*PREDICTION 0.5-0.8

RATIO 0.8-1. 25 4
* .SUMMARY 1.25-2.0

(NP/NA) >2. 0

'4

7.5-156



Lol CONDITION/HT: T81 ALUM
FORM: 0.03- 0. 04"TH SHEET YIELD STRENGTH: 54.4 KSIALO
SPECIMEN TYPE: CCP ULT. STRENGTH: 70.5 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 032- 0. 040'
FREQUENCY: 2. 00 HZ SPECIMEN WIDTH: 6. 000- 9. 700" 22

.ENVIRONMENT: R. T. *LAB AIR REFER EN CES:86734

AK (MPA N/7) AK (MPA V/-m)
4 10 40 100 4 10 40 100

STRESS RATIO - 0. 05 10STRESS RATIO

10.1 10. 1

10 -2 10. -2

4U -4

10-3 10 - 3 E

Z E

70 o 11 o-

4 1001

5 5
10'5  10

-67 -F7

10, 10

-86
1 4 10 40 100 1 4 10 40 100

-,~~~~~~~ I'l I'' I~I I II I il

STES RAI0STRESS RATIO 10

10.1 _ _ _ _ _ _-
lo--I

2' 10 1

z E

10 107 5 105

10 10

* 10 10

1 -610

1 4 10 40 100 1 4 10 40 100
&K (KSI V7) AK (KSI vT7)

Figure 7.5.3.36
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TABLE 7. 5.3. 37

FATIGUE CRACK GROWTH RATES AT DEFITNED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.37 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2024

CONDITION: T81

DELTA K .DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R. T.
LAB AIR

A: 10. 39 12. 0
DELTA K B:
MIN C:

13.00 : 28.7
16.00 : 58.8

* .20.00 : 106.

A: 21.09 117.

* DELTA KB:
* MAX C:

ROOT MEAN SQUARE 3. 94
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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* CONDITION/HT: T11ThT
FORM: 0. 07"TH SHEET YIELD STRENGTH: 84. 4 KSI ALO
SPECIMEN TYPE: CCP ULT. STRENGTH: 70. 5 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 085"
STRESS RATIO: *13. 40 SPECIMEN WIDTH: 4. 000" 2024
FREQUENCY: 2. 00 HZ REFERENCESS5734

AK (MPA -\/Th) AK (MPA vr
4 10 40 100 4 10 40 100

ENVIRONMENT: R- o, 100 ENVI~NEN:I1111
LAB AIR

1102

1o 3 lo

12 10."2
0 10

> -4 - 4

C, 10 1010
E

10 __ __ __ 10- z

4 -4
J 1 0- 10- c

10 1

__ _ _ _ _ _ - 10.6io 10.6

18 1 hil I L .IJ~J I II I~ jIJIJI -

1 4 10 40 100 1 4 10 40 100

© ENVIRONMENT: 100 @ ENVIRONMENT: 100

-62 _ _ _ _ _ __ _ _ _ _ -102

10 1

103 100

10-2 -2 _

>1 16 -410l

C.) 10 u

3 C-
E

CZ 165______ 10 5  z
4 100-4

V 10'

O 166 166

10 l

1O. 100

1 0 10o

0 01 4 10 40 100 1 4 10 40 100

AK (SI 'T)Figure 7.5.3. 37in
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TABLE 7. 5. 3.38

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.38 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T81
ENVIRONMENT: R.T. .L.H.A.

DELTA K .DA/ON (1O**-6 IN. /CYCLE)
'A (KSI*IN**1/2)

V.A B C D

. R=+0. 08 R-+0. 30 R=+0. 50

A: 5.82 :1.16
-~DELTA K B: 6.20 :1.81i

MIN C: 3.21 .125
D:

3.50: .299
4.00 :.533
5.00 :1.26
6.00 :1.28 2.46
7.00 :1.98 3.00 4.31
8.00 : 2.77 4.67 7.11
9.00 : 3.88 6.51 11.3
10.00 : 4.78 8.64 17.6

- -13.00 : 10.3 19.9 61.3
16.00 : 23.4 54.3 202.
20.00 : 71.8 193. 686.
25.00 : 261. 355.
30.00 : 802.

A: 32.00 : 1197.
DELTA K B: 25.06 :355.

MAX C: 22.07 :2750.
D:

--------------------------------------------------------------------------------------
* ROOT MEAN SQUARE 11.07 21.88 19.67

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO. 0.8-1.25 2 1
SUMMARY 1.25-2.0 2 1
(NP/NA) >2. 0

7.5-160



*CONDITION/HT. T81 ALUM.
FORM: 0. 10"TH SHEET YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK: 0. 097- 0. 101"
FREQUENCY: 6.00 HZ SPECIMEN WIDTH: 23. 660- 23. 820" 22

* .ENVIRONMENT: R. T..* L. H. A. REFERENCES:86575

* AK (MPA /m) AK (MPA v'M)
*.4 10 40 100 4 10 40 100

-=lo111 oI '!tl

STRESS RATIO - 0. 08 STRESS RATIO .4-0. 30

10' 101

10~ 10'10

*~ 10101

ulO - 10- 10 3

10 10~

40
4 

-

10- 101

11

10- 10 10

1 0-6 10-6

1078
1 4 104 101 4 10 40 100

STRESS RATIO= -0. 50STESRIO1
1 ?______2__ 162

1 0- l

1 0-3 Z 10-3
-2 -

* -10 10-2

-3 E
S 10 10- E

1074 4-
0 10-c

1 01 0 - 1 0 -

16710 -7IL

10-6 106

* i08108 F ±~10
16 1 4 -

&K (KSI v/11 AK (KSI vri)
Figure 7.5.3.38
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TABLE 7.5.3.39

* FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.39 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL. ALUMINUM 2024

CONDITION: T81

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

E= R.T. Em R. T. E= R. T.
L. H. A. J. P. 4 S. T.W.

A: 6.04 .. 769
S DELTA K B: 6.04 1.42

MIN C: 6.24 :1.87
D:

7.00 1.71 2.47 2.683
*8.00 : 2.93 3.85 4.04
-. 9.00: 4.29 5.53 5.78

10.00 : 5.82 7.53 8.00
13.00 12.9 16.1 18.6
16.00 : 29.0 31.1 38.8

-. 20.00 : 79.2 72.0 94.0
25. 00 : 230. 206. 260.
30.00 : 489. 602.

A: 34.01 : 710.
DELTA K B: 34.23 :1510.
* MAX C: 29.839 :663.

ROOT MEAN SQUARE 22. 88 18. 36 17. 00
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.89

RATIO 0.8-1.25 1 1 1
SUMMARY 1.25-2.0 1 1 1
(NP/NA) >2.0
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CONDITION/HT: T81AL.

FORM: 0. 10"TH SHEET YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CCP, ULT. STRENGTH:
ORIENTATION- L-T SPECIMEN THK: 0.0egg- 0. 101-
STRESS RATIO: +0-. 09 SPECIMEN WIDTH: 2:3. 880- 23. 820' 02
FREQUENCY: 1.00 HZ REFERENCES:85575 22

AK (MPA v')AK (MPA N/mi)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. .. Vw ENVI ONME"NT: R
* ~L. H. A. J. P. 4

_10.1 1

1073  - o7.3

10-2 Z1- 2

10 1016

100 - 10- 3-

A Z E

.5-0 1075
10 10

- a 10'

106 10 -6

1 4 10 40 100 101 4 10 0 10

T-' EqRI~MN: . 100 @ ENVIRONMENT: 100

102 Z 102

10.1 10.1

-3  10F
1010-

a) 10;

4 Z.

S
1  

- 10 -3

10 10E
z 

EC

z 1-7 1065

1616 166

10- 6
10.610

.4. 4 10 40 100 1 4 10 40 100
%AK (KSI v'Tnh AK (KSI vrTn)

Figure 7.5.3.39
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TABLE 7.5.3.40

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

K DATA ASSOCIATED WITH FIGURE 7.5.3.40 INDICATING EFFECT

OF ENVIRONMENT
---------------------------------------------------------------------------------------
* MATERIAL: ALUMINUM 2024

CONDITION: T81
----------- ------ ---------------------------------------------------------------------

DELTA K :DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R.T. E= R.T.
:L.H. A. S. T.W.
6HZ 1HZ

A: 6.20 :1.20
DELTA K B: 5.70 :.751
MIN C:

6.00 :1.03
7.00 :1.80 2.18
8.00 : 2.69 3.57 ~.-
9.00 : 3.56 5. 11
10.00 : 4.34 6.83
13.00 : 8.21 14.3
16.00 : 20.6 30.7

*20.00 : 74.0 97.9
.. 25.00 : 30J. 456.

30. 00 : 997. 979.

A: 31. 13 : 1271.
DELTA K B: 31.22 :983.

MAX C:
D:

ROOT MEAN SQUARE 23.21 14.91
PERCENT ERROR

LIFE 0.0-0.5
S PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1 2
SUMMARY 1.25-2.01
(NP/NA) >2.0
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CONDITION/HT: T131 ALUM.
FORM: 0. 10"TH SHEET YIELD STRENGTH: 67.0 KSI IALLOY
SPECIMEN TYPE: CCP ULT STRENGTH: 73. 0 KSI
ORIENTATION T-L SPECIMEN THK. 0. 099- 0. 100"
STRESS RATIO: "t0. 08 SPECIMEN WIDTH: 23. 810- 23. 910" 2024

.-- -" FREQUENCY: REFERENCES:86575

AK (MPA %/m) AK (MPA m)

4 10 40 100 4 10 40 100

ENVIRONMENT: R. . 0 ENVI ONMENT R.Tl.'
L. H. A. S. T. W.

1-2 6HZ 10-2 1HZ

10 1 1

.
10 2  

2

102- 02

4" _ -4

,.,16 -- 106 _-
- __ 10 _ 0-

. 10E
5

- - ,o°___---io+
-6 -6

1 110

10F _ _ _ _ _ _ _ _ _ _ _ _ 107

10.6 6

10-1i~~ia.... 101 4 0 0I0
1 4 10 40 100 4 10 40 100

ENVIRONMENT: 100 ENVIRONMENT: 10o

1-2 1-2
10.- 10

10.1 10-11 -' -11-2 _ 102  -2 _

". ic _ 
-  -- - 1 "

• -a:' 0 3  1_ 10.3 _ -

z,' . -- _ _ _ _ _ _ _ _ _-__ - 1 0 .
2  - 1 0 

2 Z

,C.\ . ..- 
..

V' 1 "4  10"10_ u"

10 . - - 103  1 .

-7 -7-

10 

210

--4- 
1 0 .4 

1
c' 10 -3 -- _E0__

.. ,,:. - 10 _ 10

. io - W _U~ i -_ - . i . . L ±

. 4 10 40 100 1 4 10 40 100

"-..A'"ZK (KSI vTn) K (KSI vTn)
""'-Figure 7.5.3.40
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TABLE 7.5.3.41

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.41 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T81
ENVIRONMENT: R.T. ,DRY AIR

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

- A B C D

- R=-0. 25 R=+0. 10 R=+0. 30 R=o-0. 50

A: 5. 19 : . 542
DELTA K B: 5. 48 : 1. 57
MIN C: 5. 14 • 1.02

D: 2.94 .151

3.00: .182
3.50 • .496
4.00 .777
5.00 1.26

e6.0 : 892 1.61 1 89 2.21
7.00 " 1.44 2.01 3.31 3.95
8.00 • 2.15 2.79 5.16 6.64
9.00 - 3.05 3.99 7.45 10.2
10.00 " 4.17 5.65 10.2 14.8
13.00 " 9.35 13.2 21.1 37.0

16.00 18.7 24.7 36.7 84.5
20.00 " 46.1 52.2 66.4 288.
25. 00 : 138.

A: 24. 54 • 146.
DELTA K B: 26.90 • 204.

MAX C: 21.75 : 83.4
D: 21.91 : 556.

ROOT MEAN SQUARE 10. 78 20. 94 24. 98 24. 30
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25

* SUMMARY 1.25-2.0 11
(NP/NA) >2. 0
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*CONDITION/HT: T81ALM
FORM: 0. 13"TH SHEET YIELD STRENGTH: 85.3 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 70. 9 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 125"

XFREQUENCY: 8. 00 HZ SPECIMEN WIDTH: B. 000' 2024
ENVIRONMENT: R. T. *DRY AIR REFERENCESGD004

& K (MPA VIMf AK (MPA -Vm)
4 10 40 100 4 10 40 100

Ill~l~l~l I'I'I'I'I 0 I'I ''I I I''
STRESS RATIO =-0. 25 'USTRESS RATIO .0. 10

162 1 ic 2

10 101

10-2 10-

U110 100
E

lo 5 _ __ 10, 5 z
o710 10-1

106 16

-7 _ _ _ _ _ _ _ _ _ _5

100

10.6 1076

,1JLLL 1078 WjdiWJ

© F 10+ 40r100_ 10 40 100
STRESS RATIO = +.3 1 STRESS RATIO = -0.50 100

1-2 ________ -162

10.1 10-1

iOF3  1 o-3

-. -102 10.2

10

E

0 105 16i5  
-

10 -

1o66- 166

10 i-

1076 1 6

7 10

I'AK (KSI Vfi) A K (K SI vrT)
Figure 7.5.3.41
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TABLE 7.5.3.42

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.42 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: TBI
ENVIRONMENT: R.T. H.H.A.

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=-0. 25 Rin+0. 10 R=+0. 30 R=+0. 50

A: 4.56 " .206
DELTA K B: 5.09 .783

MIN C: 3.52 : .206
D: 3.89 .612

4.00 : .464 .685
5.00 " .289 1.04 1.50
6.00 : .675 1.25 1.99 2.76
7.00 : 1.48 2. 17 4.25 4.72
8. 00 2.70 3.62 8.07 7.60
9.00 : 4.37 5.64 12.2 11.7

10.00 : 6.45 8. 15 15.2 17.2
13.00 : 15.0 18.0 22.9 46.7
16.00 " 26.9 32.4 115.
20.00 51.3 70.1
25.00 " 118. 216.

A:,30.00 : 302. 572.

DELT A 32. 56 344.
DELTA K B: 32.48 682.

MAX C 14. 10 :29.1
D: 19.90 : 360.

ROOT MEAN SQUARE 14.71 13.39 25.78 15.27PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1. 25-2.0 1 1 1
(NP/NA) >2. 0

.,7..5.68
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CONDITION/HT: T81 ALUM.
FORM: 0. 13"TH SHEET YIELD STRENGTH: 85.3 KSI ALLOY

SPECIMEN TYPE: CCP ULT. STRENGTH: 70. 9 KSI
*.ORIENTATION: L-T SPECIMEN THK: 0. 125'

2024S ENVIRONMENT: R. T..* H. H. A. REFERENCESSGD004

A MPA K(P

4 10 40 100 4 10 40 100
0n

STRESS RATIO =-0. 25 10STRESS RATIO =--0. 10
162  11

I 10.1 10.1

io L -02 -o2

u10 100

>1~ 4

106 166U

S10,6 10

10 J 10 4 10 4 0
1~- 4 1 40 10

103 ~10. 10

10 12 _

10F, 1172

>*~1 -6 _ _o_ _ 6__ _1

108 1 oF

10 101

1a 10F3*
-7 .2

'a106 10-2

1- 16

1657.5191

10o4 7
r, m 1K ' ~1~
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TABLE 7.5.3.43

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.43 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
* CONDITION: T81

ENVIRONMENT: R. T. , S. T.W.

DELTA K .DA/DN (1O**-6 IN. /CYCLE)J
* (KSI*IN**1/2)

A B C D

. R=-0- 20 R-+0. 10

A: 4.03 :.309
DELTA K B: 4.55: .196

MIN C:
D:

5.00 :.749 .365
6.00 :1.56 1.04
7.00 : 2.87 2. 19
8.00 : 4.62 3.82
9.00 : 7.56 5.86
10.00 : 11.2 6.25

13.00 : 29.2 16.7
18.00 :26.4 '

A: 15.95 : 59.3
DELTA K B: 18. 76 :36. 2

tl! x C:

------------------------ ---- ----------------------- -~.---------------.. -------
PREDICTION AR 16. 3-0. 66

RATIO 0.8-1.25

*(NP/NA) >2.0 1
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CONDITION/HT: T81 IALUM.
FORM: 0. 13"TH SHEET V'IELD STRENGTH: 65.3 KSI ALLOY
SPECIMEN TYPE: CCP ULT STRENGTH: 70.9 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 125'
FREQUENCY. 1. 00 HZ SPECIMEN WIDTH. 6. 000" 2024
ENVIRONMENT: R. T.. S. T. W. REFERENCES:GD004

&K (MPA v"M) AK (MPA -, 0)
4,40 110 40 1

STRESS RATIO = -0. 20 - STRESS RATIO -+0. 10
".:.162 l1 2

__-_r______- - IOi021 -

10"1 '011

-2 __10,2 10

,,,. 10 3  
-0 3 E

10, 10> ., _ ________

,...z 05 -5 - C--

'a lo 10 .  E0 1

S m 6 - _
10 .. - 10.  _ 0.

106 11

1 .OF 7 1 7 7

10.: - 10-
107 10 .6

8_

- 4 10 40 1I 0 4 10 40 1 0

STRESS RATIO = STRESS RATIO =o
- -.. I _ _10 "2  _

10 10.1

1 ~-3
S .2 110

- - _o~ ~ _ o02 -2
10 10

-- 16
"i' -- 103 -3 E

10.. 71,______-__
10 106 10

-6

WLL'W-W - -0- - "0I~

1 4- 40 4100

.- 4.10-010 10

.'-. . •-0S - -- - .

-"1-" 106
7 "

-, " _ U0
6  

_- 10 6

168:- 1.' 10" 10 1 I I I I11 I,8

1 4 10 40 100 1 4 10 40 100
4-. AK (KSI V17) Fiue7534 K (KSI vy )
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TABLE 7.5.3.44

* FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* DATA ASSOCIATED WITH FIGURE 7.5.3.44 INDICATING EFrECT

* OF FREQUENCY

* MATERIAL: ALUMINUM 2024
CONDITION: T81
ENVIRONMENT: R.T. ,H.H.A.

DELTA K :DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

F(HZ)= 0.10 F(HZ)= 1.00

A: 5.09 1. 14
DELTAKEB: 5.09 .785

M IN C:

6.00 : 3.88 1.25
7.00 : 9.64 2. 17
8.00 . 18.3 3.61
9.00 : 29.8 5.63
10.00 : 43.9 8. 15
13.00 107. 18.2
16.00 : 232. 32.3
20.00 :69.4

25. 00 :220.2
30. 00 :565.

A: 17.46 : 339.
DELTA K B: 32.46e 681.

MAX C:

ROOT MEAN SQUARE 43. 37 13. 16

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0. 8-1. 25
0) SUMMARY 1.25-2.0 11

(NP/NA) >2. 0
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* CONDITION/HT: T81[7Fi7
FORM: 0. 13"TH SHEET YIELD STRENGTH: 65. 3 KSIALO
SPECIMEN TYPE: Ccp ULT. STRENGTH.' 70. 9 KSI
ORIENTATION: L-T SPECIMEN THK: I. 125"

'RESS RATIO: 4-0. 10 SPECIMEN WIDTH: 6. 0001,02
SENVIRONMENT: R. T. *H. H. A. REFERENCES:GD0'04 22

&K (MPA A AK (M P A ~~
4 10 40 100 4 10 40 100

FREQUENCY (Hz 0.10 100 FREQUENCY (Hz) =1.00

10- - 10

10>1 1101

m i0-2 10' 2

olO -10 10

5 5o
4 4

10- 10-

55

10-6 1 0 -6

10 .. L.LLL'.~i..L...L~j10-11 1 1 i IIihi..I.±.I
1 4 10 40 100 1- Z 4 10 40 100

© FREQUENCY (Hz) 100UNC (Hz) -10

-62 -62

10 - 10
10>1 io>1

1 - 1 0 2 -2
w 10

>11 44 0)

10 E

5 5o

10'

100

10'5  10-"

7 -

106 10 6

S - 1 4 10 40100 1 4 10W.LL 40LLLL 10

LK (KSI vLh K (KSI h
Fiqjure. 7..5. 3. 44
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TABLE 7.5.3.45

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELSI

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.45 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T81

.. ENVIRONMENT: R.T. ,DRY AIR

DELTA K .DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

* R=-0- 25 R=-I0. 10

A: 5.21 :.472
DELTA K B: 5.26 :. 266
* MIN C:

D:

6.00 :.653 .472
7.00 1.21 .831
8.00 :1.98 1.41
9.00 : 2.85 2.31
10.00: 3.81 3.51

*-13.00 :7.82 9.93
18.00 : 16.1
20.00 : 48.3
25. 00 209.

*30.00 719.

A: 33. 50 : 1351.
.~DELTA K B: 13. 58 :18. 7

MAX C:

ROOT MEAN SQUARE 13. 56 10. 33
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8B
RATIO 0.8-1.25
SUMMARY 1.25-2.0 1 1
(NP/NA) >2. 0
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CONDITION/HT: T81 ALUM.T
FORM: 0. 13"TH SHEET YIELD STRENGTH: 85.8e KSI IALLOYI
SPECIMEN TYPE: CCP ULT. STRENGTH: 73. 1 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 125"
FREQUENCY:. .0H SPECIMEN WIDTH: 6. 000" 2024
ENVIRONMENT: R. T. *DRY AIR REFERENCES:G0004

&K (MPA V'm) AK (MPA ~~
4 10 40 100 4 10 40 100

0' ~ l -

STRESS RATIO =-0. 25 100 STRESS RATIO .0. 10

10- - 10

10. 101

1 4~ 4 o

L) 116U

ol10 100

zo 50 E
1 ____-100 

z

1 I lo-4 10-

10r - 0 101-

-7 -6

10 10

10.6 106

STRESS RATIO= 0 STRESS RATIO= 0

1-2 
16_______ _________ 2 _ ________________

10 10-
10.1 10.1

-2-

10 10-2

4

1o10
z E

1.5 1 _ __5_ __ __ _

10 ~ 1- 7

~110

.7 .6

10 10 -

1-8 168

1 4 10 40 100 1 4 10 40 100
&K (KSI &'~ K (KSI V17)

Figure 7.5.3.45
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TABLE 7.5.3.46

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.46 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T81
ENVIRONMENT: R. T. ,H. H. A.

DELTA K .DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

R=-0. 25 R=+0. 10 R=+.50

A: 5.22 :1.04
DELTA K B: 5.53. 551
MIN C: 2.90 .0957

3.00 . 175
3.50: 451
4.00 .756
5.00 1.44
6.00 :1.53 .870 2.66 L-
7.00 : 2. 13 1.86 4.78
9.00 : 2.77 3.16 8.20
9.00 : 3.62 4.66 13.6
10.00 : 4.69 6.37 22.2
13.00 : 13.8 14.4 90.5
16.00 : 32.8 35.8 283.
20.00 : 64.7 129.
25.00 :435.

A: 23.07 : 121.
DELTA K B: 28.46 :634.
MAX C: 18. 14 :467.

ROOT MEAN SQUARE 21.79 13.25 14.02
PERCENT ERROR

0.LIFE 0.0-0.5
PREDICTION 0. 5-0.86

RATIO 0.8-1.25
SUMMARY 1.25-2.0 1 1 1
(NP/NA) >2.0
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CONDITION/HT: T81ALM
FORM: 0. 13"TH SHEET YIELD STRENGTH: 85. 8 KSI IALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 73. 1 KSI

-,..ORIENTATION: T-L SPECIMEN THK: 0. 125"
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 5. 000" 2024
ENVIRONMENT: R. T..* H. H. A. REFERENCESSD004

AK (MPA & K (MPA v',/)
4 10 40 100 4 10 40 100

STRESS RATIO = -0. 25 1 STRESS RATIO = .0. 10

10- 10'

-o3 io 3

103 -210 10;
E

-4F 4________

100

10-' 10-

10 7 10O

10 10

1 OF6 108 1 1 1 1 1 11 1 1

10 1 4 1 4 10 40 100

STRESS RATIO +0. 50 10 @ STRESS RATIO 1 c00

1 00 -1 1 0-
10 10.1

__ _1___ _ _-2~ 0 -2
01

i6'16
c-3 io3 E

* E
z 1__ _ _ _ __-5_ __ _

100

10 c5 1c5
100-

-1 4 10 40 10014 100 10

&K (KSI V/7) & K (KSI vrm)
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TABLE 7.5.3.47

'2 FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS ->
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.47 INDICATING EFFECT

OF STRESS RATIO
------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 2024
CONDITION: T81

ENVIRONMENT: R.T. S.T.W.

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+0. 10 R=+0. 30

A: 4.03 :.094
- ~ DELTA K B: 7
* MIN C:

5.00 :.395
6.00 :1.03
7.00 : 2.03
8.00 : 3.38
9.00 :5. 12
10.00 : 7.27
13.00 : 17.3
16.00 : 37.2
20.00 : 101.

A: 20.39 Ill1.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 34. 62 0. 00
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0

*(NP/NA) >2, 0 1
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CONDITION/HT: Tel ALUM
- - FORM: 0. 13'TH SHEET YIELD STRENGTH: 65. 8 KSIALO
* *. SPECIMEN TYPE: CCP ULT. STRENGTH: 73. 1 KSI

ORIENTATION: T-L SPECIMEN THK: 0. 125'
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 6. 000" 22
ENVIRONMENT: R. T..* S. T. W. REFERENCES:GD004

* AK (MPA %/W) AK (MPA -%/'m
4 10 40 100 1041 10 40 100

STRESS RATIO = *0. 10 STRESS RATIO -*0. 30

100-1 10-

10.1 10F1

102 102

16 100

-10, Ev

10 4 10-

-7o

10 510-

1 U6 1)-

1__ 8 1 107 1' 1' 1 1 i ll' I I I III[

STRESS RATIO:1 STRESS RATIO:10

10 - 010
10.1 10.1

Z 1- io-

z. 4

u 10 1
s10 oo3  3 E

E

-~10-4 
'a4

1 0' 1 01 0

- 1OF7

10 .6 1 6

ioa0 1 1 hillL..LLLL. I IL.1.±LILI

AK (KSI rn)AK (KSI vY=)
Figure 7.5.3.47

7.5-179



TABLE 7.5.3.48

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

- DATA ASSOCIATED WITH FIGURE 7.5.3.48 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T851

*. ENVIRONMENT: R.T. ,H.H.A.
------------------------------------- ------------------------------------------------

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

*..A B C D

R=+0. 10

A: 5.47 :.653

DELTAK 8:

D:

6.00 :1.37
7.00 : 3.08
8.00 4.49

p. 9.00 :5.33
* 10.00 :5.84

13.00 : 8.06

A: 15.834 : 16.5
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 11.86
* . PERCENT ERROR

--------------------------------------------------------------------------------------
LIFE 0.0-0.5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA)>20
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CONDITION/HT:. T8B51ALM
FORM: O.38"TH PLATE YIELD STRENGTH: 70.1 KSI ALLOY
SPECIMEN TYPE: PTSF ULT. STRENGTH: 73.5 KSI
O RIENTATION: L-S SPECIMEN THK: 0. 374- 0. 377"

-.- .,FREQUENCY: 20.00 HZ SPECIMEN WIDTH: 5. 004- 5. 006" 2024
ENVIRONMENT: R. T. *H. H. A. REFERENCES:90981

% K (MPAV'W AK (M PA V~
4 10 40 100 4 10 40 100

STRESS RATIO =--0. 10 10STRESS RATIO

10-1 10.1

1 o3  107
10-2 10

~110 10-

'a ia-4  10-

107 -o 10

.7 -O7

10 -6 10

107 16 8

1 4 10 40L10 4L0 40 10

STRESS RATIO -10 STRESS RATIO= 100

102 - 102

10-1 10-

.3 - 10.2i~-2 2

8) 10 0

4 4 .

10 3 E

1 E 10E

10 - 1

lo-7

16 1 -6

* 1 4 10 40 100 1 4 10 40 100

~K (KSI.%/~ThFigure 7.5. 3.48 ~ KI~~
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TABLE 7.5.3.49

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.49 INDICATING EFFECT

OF STRESS RATIO
--------------------------------------------------------------------------------------

> MATERIAL: ALUMINUM 2024
CONDITION: T8351
ENVIRONMENT: R. T. , H.H. A.
-------------------------------------------------------------------------------------

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

* R=+.10 R=+0. 50

A: 3.37 :.24
DELTA K B:

* MIN C:

3.50 :.259
4.00 :.328
5.00 :.576
6-00 :1.01
7.00 :1.66
6.00 : 2.55 ~~
9.00 : 3.65
10.00 4.87
13.00 :9.08
16.00 : 17.2

A: 16.73 : 33.8
DELTA K B:

MAX C:

ROOT MEAN SQUARE 21.69 0.00
PERCENT ERROR~

LIFE 0.0-0.5
PREDICTION 0. 5-0.86

RATIO 0.8-1.25

SUMMARY 1.25-2.0
(NP/NA) >20
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CONDITION/HT: TIB51ALM
FORM: 0.38"TH PLATE YIELD STRENGTH: 70.1 KSIIAL I
SPECIMEN TYPE: PTSF ULT. STRENGTH: 73.5 KSI
ORIENTATION. T-S SPECIMEN THK: 0. 376- 0. 380"
FREQUENCY: 20.00 HZ SPECIMEN WIDTH: 5. 003- 5. 006" 22
ENVIRONMENT: R. T. *H. H. A. REFERENCESS0981

AK (MPA /mi AK (MPA V/Th
4 10 40 100 4 10 40 100

STRESS RATIO - 0. 10 10STRESS RATIO = -0. 50

-10.1 10.1

-2 -2
10 10

> -4 -4 _ _ _ _ _ _ _ _ _ _0

10 ' 3 10 - o
.3 C3

C 10 10
-lo E 0 u

Z oF7 - 1 OF

10 1410 40 100

lo010

102
11

10 - 10

lo 10 105

lo- 4.

(110 - -u1

C10' Eo

~10 1 O

-6 -610, o 10

1068 108

1 4 10 40 101 4 10 40 100
&K (KSI vT/ Fqrc754 AK (KSI v/i)
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TABLE 7.5.3.50

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* DATA ASSOCIATED WITH FIGURE7.5.3.50 INDICATING EFFECT

OF STRESS RATIO

* .MATERIAL: ALUMINUM 2024
CONDITION: T851

* . ENVIRONMENT: R. T. ,3. 5% NACL
-----------------------------------------------------------

DELTA K DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
A B C D

. R=+0. 10 R=+0.50

A: 5. 15 .. 421
DELTA K B: 3.28 .245

MIN C:

3.50 :.2B6
4.00 :.426
5.00 :.960
6.00 :.95e 1.94
7.00 : 1.95 3.38
8.00 : 3.30 5.07
9.00 : 4.92 6.91
10.00 : 6.73 9.96
13.00 : 12.3

A: 13.84 : 13.8
DELTA K B: 10.28 :11.3

MAX C:

ROOT MEAN SQUARE 33. 64 26. 04

PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0.5-0.8

RATIO 0.8-1.25

SUMMARY 1.25-2.0
(NP/NA) >2. 0

7.5-184



CONDITION/HT: T851F7h 1
FORM: 0. 38'TH PLATE YIELD STRENGTH: 70. 1 KSIALO
SPECIMEN TYPE: PTSF ULT. STRENGTH: 73. 5 KSI
ORIENTATION: T-S SPECIMEN THK. 0. 377- 0. 380"
FREQUENCY: 20. 00 HZ SPECIMEN WIDTH: 5. 002- 5. 005"22
ENVIRONMENT: R. T. *3. 5% NACL REFER ENCES:909 1 22

AK (MPA N/m AK (MPA N/mi)

4 10 40 100 4 10 40 100

=100 0
STRESS RATIO =-o-0. 10 STRESS RATIO *.o. 50

-2 _________ ________ 2
10 1

10- o 3  -10

i02 102

U 10 -10 10
E

~10'

-66

105 0-

-7 -

1686

f I- 10111

STRESS RATIO = 0STRESS RATIO= 100

10 -110

1 OF 10 1
-2 -2

10-~____ _ __ ___ 10 C0

16 110'
E

Z~~1 -4___ 4__ _ 0

lo -010

-6 -60; 10 -11

1010

-8 -08

1 4 10 40 100 1 4 10 40 100
AK (K SI V ) &K (KSI T

Figure 7. 5. 3.50



TABLE 7. 5.3. 51

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.51 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T851

* ENVIRONMENT: R.T. H.H.A.

DELTA K DA/DN (10**-6 IN. /CYCLE)
* -. (KSI*IN**1/2)

A B C D

R=+0. 10 R=+0. 50

A: 8.03 3.73
DELTA K B: 2.48 .167

MIN C:

2. 50 .176
3.00 .140
3-50 .298
4.00 .564
5.00 1.31
6.00 2.79

7.00 5.94
8.00 10.6B
9.00 5.50 15.4

-. 1000 7.36 17.2
13. 00 19. 5
16.00 39.2

* .20.00 71.4

A: 22. 79 166.
DELTA K B: 10. 53 16. 5

MAX C
D:

ROOT MEAN SQUARE 11.73 16.65
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0. 6
RATIO 0.6-1.25 11

*SUMMARY 1.25-2 0
* .(NP/NA) >2. 0



CONDITION/HT: T851ALM
FORM: 0.38" TH PLATE YIELD STRENGTH: 66. 6 KSIALO

*. SPECIMEN TYPE: CCP ULT. STRENGTH: 72. 0 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 375"

% : FREQUENCY: 20.00 HZ SPECIMEN WIDTH: 5.000"22
*ENVIRONMENT: R. T. . H. H. A. REFERENCES:90981 22

AX (MPA N/mi) AK (MPA V/mi)
4 10 40 100 4 10 40 100

=100 @STRESS RATIO - 0. 10 -STRESS RATIO -i0. 50
162 -62

10 - 110

lo0l 10-I

-2 -210 z10'

1.01  10 - 03

E
'o lo lo __ _ _5 __ _ _

10 4
lo- 10

1 0-

1~l 10~__ _ __ _ _ -1*

1 06 10

1 4 10 40 100108 4 10 40 100

STRESS RATIO 10o STRESS RATIO lo10

-- 2
10 -0 10

10~10.E

10- 10 -_ _ __ _

S1.0 10;

10 10E

10 7 167-

10 101

100 0 0 14 1 4 0

A~K (KSI v'T ) K (KSI V'n)

* 7. ')- IH7



TABLE 7. 5. 3.52

* FATIQUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.52 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T851
ENVIRONMENT: R. T. , 3. 5% NACL

DELTA K DA/DN (10**-6 IN. /CYCLE)
* . (KSI*IN**1/2)

A B C D

R=+0.10

A: 4.70 :1.16
*DELTA KB:

MIN C:

5.00 1.47
6.00 2.70
7.00 : 4.24

8.00: 6.10
9.00 . 8. 34
10.00 it 1
13.00 : 23.6
16.00 : 48.4
20.00 : 126.
25. 00 : 428.

A: 28. 22 : 952.
DELTA K B:

MAX C:

ROOT MEAN SQUARE 13. 07
PERCENT ERROR

LIFE 0. 0-0. 5
* . PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0



'0 CONDITION/HT: T851 jiiT
FORM: 0. 38"TH PLATE YIELD STRENGTH: 66.6 KSIALO
SPECIMEN TYPE: CCP ULT. STRENGTH: 72.0 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 375'
FREQUENCY: 20. 00 HZ SPECIMEN WIDTH: 5. 000"22
ENVIRONMENT: R. T. *3. 5Z NACL REFERENCES:9092 1

AK (MPA V/m) AK (MPA /i)
4 10 40 100 4 10 40 100

STRESS RATIO -,,0. 10 10STRESS RATIO

10- - 10

102 10-2

*z -5U

>4 44.

U
1 0  10 10 -

1010
7E

10 101

108 I hh J- 10

1 4 10 40 100 1 4 10 40 100

C) STRESS RATIO =STRESS RATIO= 100

10-
10' 10'

1 u3- 1073

1012

0 14

10 10, E

10E
10 5 16 5

V -- 10 40

1o- 5  50~

10 -110

10-6 106

68_10. I II .. LLL 1081111
1 4 10 40 100 1 4 10 40 100

&K (KSI v/in) AKUr (KSI V/in



0w

TABLE 7.5.3.53

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

-; DATA ASSOCIATED WITH FIGURE 7.5.3.53 INDICATING EFFECT

OF FREQUENCY

MATERIAL: ALUMINUM 2024
CONDITION: T851
ENVIRONMENT: R.T. .H.H.A.

DELTA K .DA/DN (IO**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D,

F(HZ)= 20.00 F(HZ)= 30.00

A: 4.52 :.487
:.' DELTA K B: 4.77 . 335

MIN C:

5.00 .. 501 .344
6.00 : 1.18 .492
7.00 :.957
8.00 2.30
9.00 :5.08

A: 6.88 : 2.95
DELTA K B: 9. 90 :5. 11

MAX C:

*.- ROOT MEAN SQUARE 13. 49 12. 26
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 6
RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

7.5-190



CONDITION/HT: T851 ALUM.
FORM: 0. 75"TH PLATE YIELD STRENGTH: 70.1 KSIALO
SPECIMEN TYPE: PTSF ULT. STRENGTH: 73.5 KSI
ORIENTATION: L-S SPECIMEN THK: 0. 759- 0. 760"

STRESSRATIO:+0. 10SPECIMEN WIDTH: 5. 003" 22
ENVIRONMENT: R. T. *H. H. A. REFERENCES: 90981

AK (MPA &/) K (MPA N/mi)
4 10 40 100 4 10 40 100

-FREQUENCY (Hz) 20.00 10FREQUENCY (Hz) 30. 00

10o 10-1

1o -i-
3

10.2 10

.- 4 -4
L10 -1

10- 10' E
165_ 10__ z

- 0 101-

5510- 10.'

-7 
1 -

10 -6 10-

10-8 1 1lilt I I I I 10 16

1 4 10 40 100 1 4 10 40 100

FR Q E C (Hz Elhomr V (lPT h 1 T
FREQUECY (Hz = 100FREQUENCY (Hz)10

-2 -62

10- - 10

10.1-0.

10 2
010

4i 4 L

10 103 E
E

S10 1

10- 0 10

7 -7
10 - 10

11 06 
106

1 4 10 40 100 1 4 10 40 100
AK (KSI V,'T) AK (KSI V'-th

Figure 7.5.3.53
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TABLE 7.5.3.54

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

*. DATA ASSOCIATED WITH FIGURE 7.5.3.54 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2024
CONDITION: T851

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E=R. T.
H. H. A.

A: 2.75 :.0113
DELTA K B:
MIN C:

*3.00 .0269
3.50 :.101
4.00 .261
5.00 .929
6.00: 2.09

-.. T7.00 3.72
8.00 5.85
9.00 : 8.61
10.00 : 12.2
13.00 : 32.3
16.00 : 85.6

A: 16.67 : 107.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 17. 12
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1. 25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

75i
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CONDITION/NT: T~
FORM: 0. 75"TH PLATE YIELD STRENGTH: 57. 0 KSIALY
SPECIMEN TYPE: WOL ULT. STRENGTH: 71. 0 KSI
ORIENTATION' L-T SPECIMEN THK: 0. 250"
STRESS RATIO: -o-. 33 SPECIMEN WIDTH: 2. 550" 2024

-. FREQUENCY: 25. 00 HZ REFERENCES:NC003

AK (MPA VM~) AK (MPA V/M)
4 10 40 100 4 10 40 100

ENVIRNNMENT: R. .. 10 ENVI O8NMENT:

10 % 
102

-101 10.1

163

0~10~ 10 Z

z -5 
10 zlo

lo 10- oz10

1-4 U4 z

166 106

1
.7

107

10-10-8

ENVIRONMENT:10EVRNNT10
10 ENIONET 100

10.1 102

102 0

1633
10 E

11 4. 4o
Cu3

10 - 10

10 - 10
10.6 1 0

* i8  ........... ±..j.±Lj L.LL±LLL -108 ..L LL J.J .. L..L..LLLoiL
* -. 4 1 40 00 1 10 0 10

1K(SIA 
(S6~T

Figue 7..3.6

75 5

7W 
4o

1. O F. 
. . . . .

446~



TABLE 7.5.3.55

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.55 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T851
ENVIRONMENT: R. T. ,H.H. A.
(KSI*IN**1/2)-- - -- - - -- - -- - - -- - -- - -- - - -- - -- - -

DELTA K DA/DN (10**-6 IN. /CYCLE)

*A B C Dj

* R=+0. 10 R=+0. 50

A: 3.22 .16
DELTA K B: 1.82 .04
MIN C: 2

2.00 :.0515
2. 50 : 0796
3.00 :.142
3.50 :.211 .255
4.00 :.314 .443
5.00 .. 639 1.13
6.00 :1.16 2.26
7.00 :1.89 3.70
6.00 : 2.84 5. 10
9.00 : 3.97 6.09
10.00 5.24 6.47
13.00 : 9. 14
16.00 : 12.0

A: 18.47 : 13.0
DELTA KD: 10.31: 6.46

MAX C:
D:

ROOT MEAN SQUARE 36. 98 35. 40
PERCENT ERROR

*LIFE 0.0--0. 5
*PREDICTION 0. 5-o. e

RATIO 0.8-1.25
-- SUMMARY 1.25-2.0

(NP/NA) >20

7.5-194



*c 1 ONDITION/HT: T851 ALUM.]
FORM: 0. 75"TH PLATE YIELD STRENGTH: 70.1 KSI ALLOY
SPECIMEN TYPE: PTSF ULT. STRENGTH: 7a. 5 KSI
ORIENTATION: T-S SPECIMEN THK: 0. 758- 0. 764"
FREQUENCY: 20.00 HZ SPECIMEN WIDTH: 5. 000- 5. 005" 2024

*ENVIRONMENT: R. T..* H. H. A. REFER ENCES9098 1

AK (MPA iV/m) A K (M PA v/rii)
4 10 40 100 4 10 40 100

STRESS RATIO -0. 10 10 STRESS RATIO .~ 50

10~' 10'

10F 10
1-2

11 164 -4

10~ 10

-6 
3

1010

100-s

10-

10.6 106

-80

10 -10F

10.1 10.1

1 OF 168o

1 104 10 40 10. 1 0 0

100100

1Z STESRTOZ12SRSEAI
- 1o-1 101

10-2o-

10 i~-~10-2

10 1
3r 310- z60

1075 10.6

'.. ' 101

1~~1 40 10 4 0 0 4 0

AK (KI V~hAK (1I FT
Fiur 7..35

Fiur 7.51)55



TABLE 7.5.3.56

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.56 INDICATING EFFECT

OF STRESS RATIO

MATER IAL: ALUMINUM 2024
* CONDITION: T851

ENVIRONMENT: R.T. -H.H.A.
-- - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - --S- - -

DELTA K .DA/DN (10**-6 IN. /CYCLE)
K (KSI*IN**1/2)

*A B C D

* R=+0. 10 R-+0. 50

A: 11.66 : 7.64

DELTA K B: 4.25 :.34
MIN C:

D:

5.00 :.991
6.00 :2.04
7.00 :3.05
8.00 :4.37
9.00 :6.73
10.00 :11.7
13.00 : 9.86
16.00 : 19.7

A: 18.52 : 52.3
DELTA K B: 10.47 :16.0

MAX C:
D:

ROOT MEAN SQUARE 19. 13 22. 28
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

7.5-196



CONDITION/HT: T85 AUM
FORM: 0. 75"TH PLATE YIELD STRENGTH: 70. 1 KSI IALLOYI
SPECIMEN TYPE: PTSF ULT. STRENGTH: 73. 5 KSI
ORIENTATION. T-S SPECIMEN THK: 0. 759- 0. 753"

* FREQUENCY: 2. 00 HZ SPECIMEN WIDTH: 5. 004- 5. 005"02
* ENVIRONMENT: R. T., H. H. A. REFERENCES.90981 22

* A&K (MPA &/i K (MPA -\/M)
4 10 40 100 4 10 40 100

STRESS RATIO -#-0. 10 10 @ STRESS RATIO -0 50
10 - 10

10' 10.

10 - 10 10

4 4

ul 1- 10 u

z .5E
10 5 -1

*166 16

* -6

107.6 1 06

108 Li.±d 1- 10JL L
1 4 10 40 1004 10 0 10

STRESS RATIO=1 STRESS RATIO= 100

-62 1__ __ _ -i2

10.1 10.1

10 .2

lo 10 10 10 E

10 - o 1- E
110

z

10-6 10 56

* ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 10....L.±.L[ 1 L6LJ-18 jjj 1~~

1 4 10 40 100 1 4 10 40 100
AK (KSI vT -iinr 7...& K (KS1 /in)

7. 5-197



TABLE 7. 5.3. 57

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.57 INDICATING EFFECT

OF STRESS RATIO

- MATERIAL: ALUMINUM 2024
* CONDITION: T851

ENVIRONMENT: R.T. ,3.5%. NACL

- DELTA K .DA/ON (1O**-6 IN. /CYCLE)
* (KSI*IN**I/2)

A B C D

R=~+0. 10

A. 8. 12 . 4.28
2. DELTA K B:

*MIN C:

9.00 5. 11
10.00 5.92
13.00 : 10.6
16.00 33.0

A: 17.38 : 67.e
DELTA K B:

MAX C:

i. ROOT MEAN SQUARE 17.89
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0 -

RATIO 0.8-1.25
--. , SUMMARY 1.25-2.0

(NP/NA) >2. 0



* CONDITION/HT: T8351 ALUM.
FORM: 0. 76"TH PLATE YIELD STRENGTH: 70.1 KSI IALLCYI
SPECIMEN TYPE. PTSF ULT. STRENGTH- 73.5 KSI
ORIENTATION: T-S SPECIMEN THK: 0. 763"
FREQUENCY: 20. 00 HZ SPECIMEN WIDTH: 5. 003 2024
ENVIRONMENT: R. T.,.3. 5% NACL REFERENCES:90981

&K (MPA Vmi) &K (MPA v~
4 10 40 100 4 10 40 100

_ _ _ _ _ _11W0

12STRESS RATIO - 0. 10 STRESS RATIOS
-12

1 00 - 1 0-

16 10. 10

10 2 12
olO - 100

c3 3E
10- 10 E

710 1

10- 4 1
11

10 10'

10 10-

1 4 10 40 10 10 40 10

STRESS RATIO=1 STRESS RATIO=

106 2 1 0 1

010

io~~1 1 0

16 1 3

-6 -610 10 10

10- 1 0 10

16414 0 1 4 0 4 0

1766

'1A

5SA- -S 5 .. t- . '- h. 2 7 7



TABLE 7.5.3.58

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.58 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T851
ENVIRONMENT: R.T. 3. 5% NACL

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN** 1/2)

A B C D

R=+0. 10 R=+0. 50

A: 4.82 .988
DELTA K B: 5.20 968

MIN C:

5.00 1.18
6.00 2.08 1.78

7.00 2.68 3. 18
8.00 3.23 5.04
9.00 4. 12 7.48

10.00 5.81 10.7
13.00 28.3
16.00 72.8
20. 00 265.

A: 11. 40 11. 5
DELTA K B: 20.76. 340.

MAX C"
D:

ROOT MEAN SQUARE 16.87 21. 52

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1 25
SUMMARY 1.25-2 0

O (NP/NA) >2. 0

7.5-200



'0- CONDITION/HT: T851 ALUM.
*FORM: 0. 75"TH PLATE YIELD STRENGTH: 70. 1 KSI ALLOY
*SPECIMEN TYPE: PTSF ULT. STRENGTH: 73. 5 KSI

ORIENTATION: T-S SPECIMEN THK: 0. 750- 0. 763"
FREQUENCY: 20. 00 HZ SPECIMEN WIDTH: 5. 000- 5. 005' 2024

-ENVIRONMENT: R. T. *3. 5% NACL REFERENCES:90g81

AK (MPA ,m AK (MPA -,/m)
4 10 40 100 4 10 40 100

STRESS RATIO -t+0.110 0 iSTRESS RATIO + -- 0. 50

1- 10110 10

102 10-2

4 -4

110 1010 E
10 E

S10 lo 10
1 oo-

1066 11

1.7 167

10 - 10

108 1 L

*1 4 10 40 1004 100 10

STRESS RATIO = STRESS RATIO= 10

10- lo1

10100.

10 1- -

z E
lo- 105 -o 50

110

61

18L

4 10 40 100 1 4 10 40 100
n K (K SI \,rinh 6K (KSI V/7n)

Fiqtirr 7. i.V

.7-~~ -V) 7-



TABLE 7.5.3.59

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.59 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T851

*. ENVIRONMENT: R T. H. H. A.

DELTA K DA/DN (10**-6 IN. /CVCLE)

(KSI*IN**1/2)
A B C D

R=+0. 10

-'A: 4.01 .339
*DELTA K B

* .. MIN C:

*.5.00 .509

6.00 . 1.28
7.00 2.58
6.00 4.38
9.00 6.54
10.00 . 9.04 --

13.00 16.0
1600 29.5

A: 188E2 57.7
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 7. 74
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.86
RATIO 0.8-1.25 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

7. 5- 202



7CONDITION/HT: T851ALMFORM: 0. 75"TH PLATE YIELD STRENGTH: 68.65 KSIALO
S PECIMEN TYPE: CCP ULT. STRENGTH: 73. 0 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 761"
FREQUENCY: 20.00 HZ SPECIMEN WIDTH: 5. 000' 02
ENVIRONMENT: R. T. *H. H. A. REFERENCES:90981 22

AK (MPA /T)AK (MPA Vmi)
4 10 40 100 4 10 40 100

I I 'i'I 100
STRESS RATIO: -+0. 10 STRESS RATIO:

- 10-1 10-1

10 -103

10-21 -2 _

16 10 10

c 10 30 -010 E

z 55
4 -4 'o

V 0u 10 co

1-6 -66

01
10F 10 10 1

1 4 10 40 100 1 4 10 40 100

STRESS RATIO 10 TES AI 0

1-2 __ _ _ _ _ -162

10-

U31 10F1

1 ~-2
1 0 10-2

16 4 
16 4

-3 -3E

10' 10 E

10 - 166

V 10 10-5~

-6 -6

10- 10-6

1 4 10 40 100 1 4 10 40 100
&K (KSI in) AK (KSI V/in)

Ficjurc 7.5. 3. 59

7. o-2I



TABLE 7.5.3.60

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.60 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2024
CONDITION: T351

- DELTA K DA/DN (10**-6 IN./CYCLE)

(KSI*IN**1/2)
A B C D

E =  R.T. E= R.T.

H. H. A. 3. 5% NACL

A: 11.66 7.84

DELTA K B:
MIN C:

13.00 9.86
16.00 19.7

A: 18. 52 52.3

DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 19. 13 0. 00

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO O.8-1. 25
SUMMARY 1.25-2.0
(NP/NA) -:'2. 0

7.5-204
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9. CONDITION/HT: T85l LM
FORM: 0. 75"TH PLATE YIELD STRENGTH: 70. 1 KSI ALLOY
SPECIMEN TYPE: P. 3F ULT. STRENGTH: 73. 5 KSI
ORIENTATION- T-S SPECIMEN THK: 0. 759- 0. 753"

*STRESS RATIO: -0. 10 SPECIMEN WIDTH: 5. 003- 5. 004"22
FREQUENCY: 2. 00 HZ REFERENCES:90S61 22

4 10 40 104 10 40 10

ENVIRONMENT: R. 100 ON141NMENT: IR. T..
HH.A. 3.%NACL

1210 -21

10-1 10.1

12 i 2

>1 -4 -4

c 1 10- 10 E
10~ E

70 /lo~ 10~ z

10 10

1 0- 5 1 0-

10 - 10F

1l0-6

1 4 10 40 104 10 40 100

ENVIRONMENT: 100 ENVIRONMENT: 10

1-2 1-2

10 101

113 1013

1 -2

.~'10 -20

E 0-3  10-3 E
E

0- 10- m

67 11o,

-6 -6

106 10.

168 1 111Id I II 1 001 168
1 4 10 40 114 10 40 100

AK (KSI V/in) AK (KSI V in
Figure 7.5. 3.60
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TABLE 7.5.3.61

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.61 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T851

ENVIRONMENT: R.T. .3.5% NACL

DELTA K .DA/DN (10**-6 IN. /CYCLE)
* (KSI*IN**1/2)

A B C D

R=+0. 10 R=+0. 50

A: 3.33 :.193
*DELTA K B: 21:. 119

MIN C:
D:

2.50 :.215
3.00 :.406
3.50 :.236 .689
4.00 :.399 1.06
5.00 :.915 2.28
6.00 : 1.75 4. 17
7.00 : 2.98 6. 93
8.00 : 4.68 10.7
9.00 : 6.96 15.8

10.00 : 9.93 22.4
13.00 : 24.3
16.00 : 50.5

A: 16.668 583.8

DELTA K B: 11. 10 :31. 7
MAX C:

D:

----------------- ---- --- --- ---- --- --- ---- --- --- ---- --- ---

ROOT MEAN SQUARE 22. 26 18. 87
* PERCENT ERROR

LIFE 0.0-0.5
.4 PREDICTION 0.5-0.8

RATIO 0.8-1.25 1 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

7. 5-206
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CONDITION/HT: T851
FORM: 0. 75"TH PLATE YIELD STRENGTH: 58. 8 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 73. 0 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 760"

. FREQUENCY: 20.00 HZ SPECIMEN WIDTH: 5. 000" 2024
ENVIRONMENT: R.T. 3. 5% NACL REFERENCESS0981

AK (MPA N/W) AK (MPA /)
4 10 40 100 4 10 40 100

SS S100
STRESS RATIO =t-0. 10 STRESS RATIO = .0. 50

-2 _____ __ __ 10
-  -_____ _ ___ 1

-

10.  102

101 10-1

'-0- - - 1° 3 -___ __

" - __ _1-2 _2__ 10
.  

_

..... 10 .  100

.,.-.-- __ 10. 5  1010
.

3
S z 10 10 E

o 10 
-

z1o lO.2 l-10" 6 
6

10 10-
10 RATIO 10--8o

10-

11 4 14 1 0 .

c 10 3'' 3

STR SSRATO--1 10R.6SRT--= 10

-2 -- 1
. 5 2__ 1

.

0- -- 1

10
.4 

10>
6

7.5-207

,'-.
10 10F

-6~lo 6__ __ _ _ 
-6___ 

_ _ -1101

16 0610

1 4 10 40 100 1 4 10 40 100
AK (KSI VfT Figure 7.5.3.61 AK (KSI V/7)
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TABLE 7.5.3.62

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.62 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T851
ENVIRONMENT: R.T. DRY AIR

- - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

DELTA K VA/ON (1O**-8 IN. /CYCLE)
(KSI*IN**1/2):

A B C D

R=+0- 20 R=+0. 40

A:
DELTA K B:
MIN C:

0:

200. 00

A.
DELTA K B

MAX C

ROOT MEAN SQUARE 0. 00 0. 00
PERCENT ERROR

-- - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - -
LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25

p.SUMMARY 1.25-2.0
(NP/NA) -'2. 0

7.5-208



0 CONDITION/HT: T851 ALUM.~T
FORM: 2.00"TH PLATE YIELD STRENGTH: 64.0 KSI IALLOY
SPECIMEN TYPE: DCB ULT. STRENGTH: 7 1. 0 KS I
ORIENTATION: L-T SPECIMEN THK: 0. 750"
FREQUENCY: 10. 00 HZ SPECIMEN WIDTH: 5. 500" 2024
ENVIRONMENT: R. T. *DRY AIR REFERENCES.84350

AK (MPA V/mi) AK (MPA N'-Th
4 10 40 100 4 10 40 100

STRESS RATIO - 0. 20 10STRESS RATIO -0-0. 40 ZI

10 - 010

0-2

~ ~ 10 F,

4 -4
_ _ _ _ _ _0_ _ 3 1 -

10If 10 E

____ __ _ _ _ _ z107,'

10 -3 10

10 -5 10-

1 OF 1 167

10~~0- 10 -6JJ~ 1 ±.iij L.L

1 4 10 40 100 1 4 10 40 100

© -1r~TrFI-~FrFh 100STRESS RATIO 10

-62 -62

10 -010

ja 10*10.

10-2 102
~~1 10z1

4 -4

V10 3O E
100

- 10-

10 ~10-

1~ 66 0

AK (KSI %rin) AK (KSI vT~nh
lo Figure 7.5.3.62
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TABLE 7.5.3.63

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.63 INDICATING EFFECT

OF ENVIRONMENT
--------------------------------------------------------------------------- ---------

MATERIAL: ALUMINUM 2024
CONDITION: T851

DELTA K DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
A B C D

E= R.T. E= R.T. E= R.T.

.DRY AIR LAB AIR JP-4 FUEL

A:
DELTA K B: 6.40 1.10

MIN C: 6.66 .95
D:

7.00 1.41 1. 19

8.00 2.04 2. 14

9.00 2.86 3.50
10.00 3.92 5.36
13.00 9.28 14.4
16.00 20.8 29.3
20.00 57.0 58.8
25.00 192. 109.

A:
DELTA K B: 25.87 • 236.

MAX C: 29.26 ' 162.
D:

ROOT MEAN SQUARE 0. 00 78. 83 32. 26
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8
RATIO 0.8-1.25

SUMMARY 1.25-2.0

(NP/NA) >2. 0

7.5-210
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*CONDITION/HT. T851 ALUM.
FORM 2.00- 3.00"TH PLATE YIELD STRENGTH. 59.0- 64.0 KSI ALLOY
SPECIMEN TYPE DIULT. STRENGTH: 66. 0- 71. 0 KSI
ORIENTATION L-T SPECIMEN THK. 0. 750- 1. 000',

-STRESS RATIO ~-0. 02 SPECIMEN WIDTH: 5. 500' 2024
FREQUENCY 1. 00- 10. 00 HZ REFERENCES84350

&K (MPA &/ii K (MPA \/mT)
4 10 40 100 4 10 40 100

ENVIRONMEN R. .. 10 0 k- ENVIRONMENT R. T. .
DRY AIR LAB AIR

102 - 12

II0 lo1-,

100

lo ' -42

£10 310 E
E

- 0. 10, lo z

11 106

1 0 6 - 1 0 -5 , 61 0 -5

10~~~1 -6___ _ _ 
10___ 

_ _ 
-61

I* il 1 1061 1

1 4 10 40 100 1 4 D 4 0

© : INT 10lo ENVIRONMENT: 100

-d2 ld______ ________ -i2

10.1 10-1

103 
a

0 10. 10-2

+
C i' , 3 E

E

10' -o b 5
-

Vo 10,

10 -
10~

-6 6

1 4 10 40 1lOC 1 4 10 40 100
AK (KSI T)AK (KSI V'Tnh

E't~rc 211..6



TABLE 7.5.3.64

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.64 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2024
CONDITION: T851

DELTA K DA/DN (10**-b IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R.T. E= R.T.
3. 5% NACL SIMULATED FUEL

A: 9.58 • 6.74

DELTA K B: 9.62 5. 14
MIN C:

D:

10.00 7.28 6.23
13. 00 14. 8 16. 7
16.00 " 31. 5 34.4

20.00 74.2

A: 24.72 156.
DELTA K B: 19 61 97.2

MAX C:
D:

ROOT MEAN SQUARE 37. 42 22. 28

PERCENT ERROR

LIFE 0.0-0 5
PREDICTION 0. 5-0. B
RATIO 0.8-1. 25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

7.5-21
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* CONDITION/HT T1351 ALL'M
FORM 2.00- 3. 00"TH PLATE YIELD STRENGTH 59. 0- 64.0 IKSI ALY
SPECIMEN TYPE: DCB ULT STRENGTH 66.0- 71.0 ?(SI [
ORIENTATION L-T SPECIMEN THK: 0. 625- 0. 875"
STRESS RATIO -0. 02 SPECIMEN WIDTH. 5. 500" 2024
FREQUENCY. 1.00- 10.00 HZ REFERENCES843150

&K (MPA n/) K (MPA -,/m
4 10 40 100 4 10 40 100

ENVIRONMENT R. 100 -ENVIRONMENT R. T..

10.K % NACL - 0SIMULATED FUEL 0

10 1

10~ -o

L) u

__ __ __ 16 164~

z 30 10 3

-o' lo-

10~ 7o

1 0 106

1 4 140 1014 10 40 100

I Il I~ 11 1 1 I' I '' I I 11
ENVIRONMENT: 100 ENVIRONMENT. 100

1-2 _ _ _ _ _ _ _ _ _ _ _ _ -102

10- l

10 102

10 14 u

~1 E 0

zE
lo0 10~ z

10 10 6

-5C

1 0 10-

10 16-

10~- 10~

*108F IJi 1L.LJj -11 11 10,8 1 III ~ ~ dl -id II 11
14 10 40 100 1 4 10 40 100

A K (K S 1IT 7) AK (KSI 'n



TABLE 7.5.3.65

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.65 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T85l
ENVIRONMENT: R. T. , L.H. A.

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+I0. 08

A: 6.45 .. 716
*.DELTA KB

MIN C
D:

7.00 2.06
6.00 4. 10
9.0O., 6.40
1000 8. 93
1300 22.1..-
16.00 74.3

A: 16.92 140.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 17. 92
PERCENT ERROR

*LIFE 0.0-0. 5
PREDICTION 0.5-0.8
RATIO 0,8-1.25
SUMMARY 1.25-2.0 2
(NP/NA) >-2.0



... ~ .

CONDITION/HT: T851ALM
FORM: 3. 00"TH PLATE YIELD STRENGTH: 51.0- 66.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 71. 0 KSI
ORIENTATION: L-T SPECIMEN THK 0. 990- 1. 000"

.. *.FREQUENCY: 5. 00 HZ SPECIMEN WIDTH: 5. 990- 6. 010" 22
:%'ENVIRONMENT: R. T..* L. H. A. REFERENCESS88579

AK (MPA~m AK (MPA VW
4 10 40 100 4 10 40 100

nA - 111 1 1 11 11 _ r h = I I1 ,11 1 1 11(11 -
STRESS RATIO - 0. 083 10 STRESS RATIO

10-2 _ _ _ _ _ _ _ _ _ _ _ 102

-10.1 101

2 -2

16 E

zE
16 1010 z

1 -~4 10-4

10 10

10-5 110

10-6 0 -

1~ 4v i 10* 40 10 1 4 10 40 10
/9-, = I -1 11 1 1 11 1 1 t= 1 1 1 11

w -STRESS RATIO 10 @0 STRESS RATIO= 100

10- - 10

ioF3  1 1.2 32

4 2.

LI1 100-102

-10-3 .3E
1010 E

100
10

1107
106 10-5

1 4 10 40 100 1 4 10 40 100
&K (KSI VIM) AK (KSI VIM-)
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TABLE 7.5.3.66

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE7.5.3.66 INDICATING EFFECT

OF STRESS RATIO
------------------------------------------------------------------------------------

* .MATERIAL: ALUMINUM 2024
CONDITION: T851
ENVIRONMENT: R.T. .L.H.A.

DELTA K DA/DN (1O**-b IN./CYCLE)
(KSI*IN**1/2)

*..A B C D

R-+0.08

A: 7.09 :1.36
DELTA K~ B:

MIN C:

8.00 : 2.39
9.00 : 3.81
10.00 : 5.52
13.00 : 12.5
16.00 : 24.4

A: 19.44 : 52.0
DELTA K B:

MAX C:

ROOT MEAN SQUARE 5. 86
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2.0

7.5-216



CONDITION/HT: T851 ALUM.
:, FORM: 3. 00"TH PLATE YIELD STRENGTH: 56. 0 KSI ALLOY
.. SPECIMEN TYPE: CT ULT. STRENGTH: 71. 1 KSI

-. ORIENTATION: L-T SPECIMEN THK: 0. 494"
-.- , ,FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 6. 000" 2024

.'- ENVIRONMENT: R. T., L. H. A. REFERENCES:85837

n

,&K (MPA %/'m) & K (MPA )
4 10 40 100 4 10 40 100- @(i

STRESS RATIO +--0. 08 , STRESS RATIO :

1~0 10

10' 10.1

__-___--_ - 10 . 2  10.2

4 10
.A - 1 0

0 10 E

." '/-,. -- lO.6  1
zV

""10 1110
"

-6 -6o. 6  io-___
0 - 10-5

104 1

____ ____:"_ _--_ -7"IO
,:.<-""10 .  -- 10.

10.6 10- 6

1-8 1Jj6J J -ajJJJ
11 4 10 40 100 "@ 4 10 40 100

© STRESS RATIO = 10 STRESS RATI lo10

10 - 101

10 .  1 0'
.-. "0

1..: -- _ 10'2 --_ 0o-4 U4

__0- 10 -
S 00 E o

.0 1-10 -  
_1070 .

-1" 10. " 10. 5
-61 -6

10 1010

10"0 I I I,1,1a I I 1,1I 1, -- 10. 0  II I , I I
4 0 40 100 1 4 0 40 1

ASK (K S I / 17) A K (K S I v ri)
Figure 7.5.3.66
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TABLE 7.5.3.67

FAT IGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.67 INDICATING EFFECT

OF STRESS RATIO
---------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 2024
CONDITION: Te~i

*ENVIRONMENT: R. T. , L.H. A.
---------------------------------------------------------------------------------------

DELTA K :DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

: R-+0. 30

DETA A: 6.19 : 2.25

* MIN C:

7.00 : 3.42
8.00 : 5.46
9.00 : 8.45
10.00 : 12.9

A: 12. 46 : 36. 2
DELTA K B:

MAX C:

ROOT MEAN SQUARE 11.31
PERCENT ERROR

.......................................................................................

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1. 25-2. 0 1

(NP/NA) >2.0

7.5-218



CONDITION/NT: T851FiT
FORM: 3. 008 TH PLATE YIELD STRENGTH: 5. 0 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 71. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 1. 000"

.. .FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: B. 000" 02
~9ENVIRONMENT: R. T. * L. H. A. REFERENCES98579 22

&K (MPAVW AK (MPA %ViW)

45 10 40 100 4 10 40 100

STRESS RATIO -l-0. 30 loSTRESS RATIO=
162 _ _ _ _ _ _ -162

100
10. 101

~10- - -E

- 10, 10,
E

z Z*. Z______ 0 z

10- 10

10 1 17 ~-

106

1 4 10 40 100 1 4 10 40 100

STRESS RATIO =00STRESS RATIO= 100

162 162

* -10. 10.

inr3  1- 3 Z

10,2 1-2

I .F44
0106

10-3 10 E
10E

10~61104

10.-6 10.6a

8 -68
.- s*.> 1 4 10 40 100 1 4 10 40 100

A&K (KSI VIMT-) Figure 7.5.3.67 &K (KSI N/77Th
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TABLE 7.5.3.68

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.68 INDICATING EFFECT

OF ENVIRONMENT
-- - - - - - - - - - - - - - - - - --4- - - - - - - - - - - - - - - - - - -

MATERIAL: ALUMINUM 2024
CONDITION: T851

DELTA K .DA/DN (10**-6 IN. /CYCLE)
- (KSI*IN**1/2)

4~.A B C D

E= R.T. E- R. T. E= R. T. E= R.T.
:L.H. A. J. P. 4 DIST. H20 S. T. W.

:4A: 7.16 :1.75
DELTA K B: 5.95 :.997
MIN C: 5.97 :1.51

D: 7.37 2.71

6.00 :1.13 1.57
7.00 2.38 2.43

-*9.00 : 4.91 6.12 5.22 5.34
10.00 7.27 9.55 6.99 7.92
13.00 : 17.4 19. 1 23.0 19.9
16.00 : 34.9 39.5 112. 35.6
20.00 :109. 112.

A: 19.69 : 78.9
DELTA K B: 21.48 :241.

MAX C: 16.35 :211.
D: 22.77 :415.

---------------------------------------------------------------------------------

ROOT MEAN SQUARE 15. 20 10. 17 21. 77 15. 52
4 PERCENT ERROR

LIFE 0.0-0.5
-~PREDICTION 0. 5-0. 8

RATIO 0.9-1.25 2 1 1 2
SUMMARY 1. 25-2. 0

N(NP/NA) >2.0

7. 5-2 20



CONDITION/HT: T851 ALUM.
FORM: 3. 93'TH PLATE YIELD STRENGTH: 59. 0- 68. 0 KSI ALL C0
SPECIMEN TYPE: CT ULT. STRENGTH: 71.0- 74.0 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 990- 1. 000"
STRESS RATIO: *-0. 09 SPECIMEN WIDTH: 5. 990- B. 000" 2024

SFREQUENCY: 1. 00 HZ REFER EN CES:88579

AK (MPA v (m) AK (MPA ./W
4 10 40 100 4 10 40 100

G) NVR MENT: R.='100 E. N .11 NM"NT R. 1 1

10.1 10-1

io -i02 io2

>1 1.4 4A _________

ul10 - 10-
z 

3E
a 107 10- E

~~ 100 i4

106 1 1 1

ic 7 106 15 10-5

10~~o- 10.LLL L .6....L...LLLJ 4 . JJ

1 4 10 40 100 4 0 4 0

N'I' T:' R 4 .1.'''' 100 @ TkIMIRSNME lR. _= 0-

102 z 106

10.1 10.1

'ao* 102 10- o2 z

4.4C.

10 __0_ _ 3 10

-. E
1-7 1 0 -s-5

10 z

16 11o6

10 - 10

1~ OF

.510.6 
10.6

18 - 1ILII111 Z10,8 j~ jj I II IJilJ..11 11 1 -1
1K 4 (KS 40 10 1 4 10 40 100

& KIVIR) AK (KSI vr~Th
4 Figure 7.5.3.68
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TABLE 7.5.3.69

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS.-
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.69 INDICATING EFFECT

OF FREQUENCY
--------------------------------------------------------------

S MATERIAL: ALUMINUM 2024
CONDITION: T851
ENVIRONMENT: R.T. ,L.H.A.

--------------------------------------------------------------------------------------

DELTA K .DA/DN (10*g*-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

* :F(HZ)- 1.00 F(HZ)= 6.00

A: 9.67 : 4.65
DELTA K B: 8.86 :1.67

-r MIN C :

7.00 :1.92
8.00 :4. 12

N 9.00 :6.66
10.00 : 5.90 9.45
13.00 : 17.6 24.5
16.00 5 0.2

A: 16.70 : 72.4
S DELTA K B: 15.93 :88.2

MAX C:

ROOT MEAN SQUARE 13.07 13.Ca
'V PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8B

RATIO 0.9-1.25 1 1
SUMMARY 1.25-2.0
(NP/NA) >2.0

7.5-222



CONDITION/HT: T851ALM

FORM: 3. S0"TH PLATE YIELD STRENGTH: 655.03 KSI LO
SPECIMEN TYPE: CT ULT. STRENGTH: 71. 0 KSI
ORIENTATION: T-L SPECIMEN THK: 1. 000"

.'ENVIRONMENT: R. T..* L. H. A. REFERENCES:88579 22

&K (MPA Vrm) AK (MPA %/M
4 10 40 100 4 10 40 100

FREQUENCY (Hz) 1. 00 FREQUENCY (Hz) 8 . 00

10- 1010

10.1 10.1

Z:3  102 102,
aZ)

C.) 104 104
c 0-3 103 E

lo 16___ _- o, z

10 -110

1O

1016 ___ __ _ 
61

1 GF I il1 8 1 ~

1 4 10 40 100 4 10 40 100II I' '

VFREQUENCY (Hz) 10lo FREQUENCY (Hz) 10o

102 102

_10- 10<'

16-3  - o730~

-2 -
~~1 10~ 1

4- 4

- 0- -3 1E

10 10

10 -110
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TABLE 7.5.3.70

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELSI
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.5.3.70 INDICATING EFFECT

4. OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T851

* ENVIRONMENT: R. T. * 3. 5% NACL

DELTA K :DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+0. 10

A: 8.35 : 9.90
DELTA K B:

MIN C:

9.00 : 10.5
10.00 : 18.2

S 13.00 : 62.2

A: 14.30 : 228.
* DELTAKDB:

MAX C:

ROOT MEAN SQUARE 38. 36
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.9 2
RATIO 0.8-1.25 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

* 7.5-224
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CONDITION/HT: Te5l ALUM.
FORM: 4. 00"TH PLATE YIELD STRENGTH: 64.65 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 71. 3 KSI
ORIENTATION: T-L SPECIMEN THK: 1. 000"
FREQUENCY: 0. 10- 0 0H SPECIMEN WIDTH: 2. 550" 2024

* ENVIRONMENT: R. T. *3. 5% NACL REFERENCES:90981

*AK (MPA -%/-) AK (MPA VIM
*4 10 40 100 4 10 40 100

STRESS RATIO - 0. 10 100 STRESS RATIO

10'- 1621

1 - 10.110'

10-2 10-2

>* -4 -4__ _ _ _

-U1010-

C~ 10 I~3 E

z
4i -o10

107c

1 6 6_ _ _ _ _ _ 1 6 6
10 l

1076 10106

1 4 10 40 100 1 4 10 40 100
~~lo loo I II0I II II I I'

STRESS RATIO = 0STRESS RATIO= 0

102 -- 102

-10.1 10.1

io73  1 073

-. 10.2 10-2 _

- 4 -

-33
s 1010 E

10 E

z _ _ _ _ _-10-5 10-5 z
-~loV

166 0 16

610'

-7% 

-%-7

U06 10-

.? 1 4 10 40 100 1 4 10 40 100-
AK (KSI v/Thn &K (KSI v/7n)

% .% 
Fiqure 7.5.3.70
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TABLE 7.5.3.71

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* DATA ASSOCIATED WITH FIGURE7.5.3.71 INDICATING EFFECT

OF STRESS RATIO
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MATERIAL: ALUMINUM 2024
CONDITION: T852
ENVIRONMENT: R.T. DL.H.A.

DELTA K .DA/DN (1041*-6 IN. /CYCLE)

(KSI*IN**1/2)
*A B C D

* R=+0. 08

A: 5.43 :1. 19
DELTA K B:

*MIN C:

6.00 :1.36
7.00 :1.74
8.00 : 2.25
9.00 : 2.91
10.00: 3.72
13.00 :7.43
16.00 : 13.6
20.00 : 27.4

A: 21.11 36.3
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 19.863
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 3
SUMMARY 1.25-2.0
(NP/NA) >2.0
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CONDITION/HT: T852ALM

FORM: 3. 00"TH FORGING YIELD STRENGTH: 53. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 68. 0- 70. 0 KS I
ORIENTATION: L-T SPECIMEN THK: 0. 250- 0. 502'
FREQUENCY: 6. 00 HZ SPECIMEN WIDTH: 7. 400" 22
ENVIRONMENT: R. T..* L. H. A. R2ER024857.853

AK (MPA -m) AK (MPA --,/-)
4 10 40 100 4 10 40 100

STRESS RATIO -t0. 08 10STRESS RATIO
162 

10_____ -2 _______ ________

10- -10

101 102

1 -3 E o
102 10

10 ol5 10 -

10 10 E

11

1 OF 7

10010

STRESS RATIO 10 STRESS RATIO 10

10-2 = _ 
1 -2 __ __

10 10-

1 ioF3  10 73 o~-
10 2)

S 10 10 E

z 05 10 E0~

210 - 10

1q o1 11 6
107 10

-68

1008 1 4 10007

&K (KSI N/'Th &K (KSI /in)
Figure 7.5.3.71
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TABLE 7.5.3.72

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.72 INDICATING EFFECT

OF ENVIRrNMENT

MATERIAL: ALUMINUM 2024

CONDITION: T852

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

* E= R. T.
:S. C. S.

A: 4.09 :.6883
DELTA K B:

*MIN C:

5.CO 1.69
6.00 : 2.36
7.00 : 3.49

* -8.00: 5.12
9.00 :7.30
10.00 : 9.98

V..-13.00 19.e

*A: 14.836: 25.5
DELTA K B:

MAX C:

ROOT MEAN SQUARE 9. 72
PERCENT ERROR

*LIFE 0.0-0.5
-. PREDICTION 0. 5-0.89

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0

*(NP/NA)>20

7.5-228



CONDITION/HT: T852AL.
FORM: 3.00"TH FORGING YIELD STRENGTH: 53.0 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 70. 0 KSI

* . ORIENTATION- L-T SPECIMEN THK: 1. 004'
STRESS RATIO: .0. 08 SPECIMEN WIDTH: 7. 400" 22
FREQUENCY: 1. 00 HZ REFERENCES.835837

*AK (MPA N/7) AK (MPA V,/M
4 10 40 100 4 10 40 100

ENIRR111EIJI. 411111 ENVI O8NMENT:

162 -162

-10' 10-1

* _1 2 10-2
10 _________ _________

~~ 10100
E

100

10.6 106

1 -2 __ _ _ __8_ _100

10.1 102

-10-2 102 1

10 10E

E
z 5

10 10 ,

10-

V' i 5  1 5

100 --0

10 -6 10 06

il. 4 16 1J ~ J 1 1 .1 1 l I0~ I I hill I
14 140 101 4 10 40 100

A K (K SI V"Th) AK (KSI v_in)Fiqure 7.5.3.72
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TABLE 7. 5.3.7 3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.73 INDICATING EFFECT

OF FREQUENCY
--------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 2024
CONDITION: T1352

,. ENVIRONMENT: R.T. *L.H.A.
-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --'- - - - - -

* DELTA K :DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

F(HZ)- 0.10 F(HZ)= 1.00

A: 6.911 1.57
. DELTA K B: 3.830 :.373

-~MIN C:

'D:

4.00 :.462
5.00 :1.06
6.00 :1.94
7.00 : 1.65 3. 14
83.00 : 2.73 4.75Ic
9.00 : 4.12 8.90

-410.00 : 5.88 9.81
13.00 : 14.7 26.3
16.00 : 34.4

A: 16.31 : 37.6
DELTA K B: 14.60 :43.9

MAX C:
D:

3.- - - - - - - - - - - -- - - - - - - - - - - - - --- - - - - - - - - - - -
ROOT MEAN SQUARE 6.74 17.41
PERCENT ERROR

4--------------------------------------------------------------

4' LIFE 0. 0-0. 5
\ PREDICTION 0. 5-0. B

RATIO 0.8-1.25 11
'4 SUMMARY 1.25-2.0

(NP/NA) >2. 0

7.5-230
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CONDITION/HT: T852 ALUM.
. FORM: 3.B0"TH FORGING YIELD STRENGTH: 53. 0 KSI ALLOY

SPECIMEN TYPE: CT ULT. STRENGTH: 70. KS!
ORIENTATION: L-T SPECIMEN THK: 1.000- 1.002

*STRESS RATIO: 0. 08 SPECIMEN WIDTH: 7. 400" 2024

ENVIRONMENT: R. T. L. H. A. REFERENCES:85837

AK (MPA v/'m) AK (MPA .V,/')

-4.-" 4 10 40 100 4 10 40 100

,. I'',,11111 10 (B -- '111 I
FREQUENCY (Hz) 0. 10 0 FREQUENCY (Hz) = 1.00

,+. -2 -- ________-2 -

( '-10 3  --- 10 . _

2 10.12 10

% , K4 -- ,,.4

10 3 E
0 102 10U - -- o :_U', .

• "...__ 10 _110 _

..- - - - 3 -

.- Z- ___10 10-

1 1'0
-10

1U6 100

10 - 10.

1;68 1 168 r 1- °  I I 11 1 o
1.: 4- 10 40 10 0  "  -- 10 40 100

./,. . 7 7O_____I_1o i i

;:o::l I I II I fil -t Io 1 1 1 1 1 1 101.1

10 EQUENCY (Hz) __ @1" FR C ( 100

10.6 101

10-3 ,L I .J, LiLI - 10,

I : ":" -1 4 10 40 100 1 __ 4__ 10__ _ 40__ 100_

I I_-

2 -2

-4 10 _.

--1O6 1

1 0 E

,, 1..' .. z

P 
11

10106

10, 10.6

4.4.AK (KSI 100n Fiur 1KS AKi
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TABLE 7.5.3.74

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.74 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2024
CONDITION: T852

DELTA K DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)AB

E-n+ 265F
L. H. A

A: 6.27 :1.60
-=5.DELTA K B:

MIN C:
D:

7.00 : 2.50
8.00 : 4.25
9.00 : 6.77
10.00 : 10.3
13.00 29.2
16.00 : 74..9

A: 17.44 : 155.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 15.22
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.89

U...RATIO 0.8-1. 25 1

SUMMARY 1. 25-2.0
(NP/NA) >2. 0

op
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CONDITION/HT: T852ALM
FORM: 3. 00"TH FORGING YIELD STRENGTH: 54.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 58. 0 KSI
ORIENTATION T-L SPECIMEN THK: 0. ggg"

-'.. , STRESS RATIO: -0. 08 SPECIMEN WIDTH: 7. 400" 2024
-' FREQUENCY: . 00 HZ REFERENCES:85837

AK (MPA v/Fm) AK (MPA -V/'m)
4 10 40 100 4 10 40 100

ENVIRONMENT: / 2 - 100 E(!) NVIROIMENT: I
L. H. A-.L 02 _________ ________ _ -02 _________ ________

10 -- - 10 - 0

10. 10-

i oF 15z 10F3-~2 -o~2

10
.  

10

-- U

_ _____10_
. -4 _ ____10

.4

o.q:lO _ 10 l- _- -

3 3 E
-10 10

*. _ _ _ _

z 1 5 ____-10-5

10 10-

10 10"

106 106 1

1 4 10 40 100 4 10 40 10

I I 11 I 111 I II I' I'II I I l
ENVIRONMENT: 10 @ ENVIRONMENT: 100

162_ _ .,o- _Z 162 Z
1100 10"

10. 102

•1-v" -o _

:4 4 4

-3- 10 - 3
10. 0

- 10-5--
Io- 10 o - z

010 101

0 0 10

106

1 4 10 40 100 1 4 10 40 100
&K (KSI &/1T) AK (KSI v'j)

Figure 7.5.3.74
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TABLE 7.5.3.75

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTORI

DATA ASSOCIATED WITH FIGURE 7.5.3.75 INDICATING EFFECT

OF ENVIRONMENT

* MATERIAL: ALUMINUM 2024

CONDITION: T852

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E=R. T.
S. T. W.

A: 8.03 : 2.81
-~ DELTA KB:

MIN C:
D:

9.00 : 3.50
10.00 : 5. 19
13.00 : 18.5

A: 15.99 : 36.5
DELTA K B:

-MAX C:
D:

ROOT MEAN SQUARE 22. 22

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8 1

RATIO 0.8-1.25 1
SUMMARY 1. 25-2. 0
(NP/NA) >2.0

7.523
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CONDITION/HT: T852 ALUM.
FORM: 3. 00"TH FORGING YIELD STRENGTH: 54. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 68. 0 KSI
ORIENTATION, T-L SPECIMEN THK: 0. 998- 0. 999"

2:. STRESS RATIO: 0.08 SPECIMEN WIDTH: 7. 400"
- FREQUENCY: 1. 00 HZ REFERENCES:85837 2024

&K (MPA VF) AK (MPA -/m)
4 10 40 100 4 10 40 100

ENVfRONMENT: R 100 ENVIRONMENT:

-62 1 -2 _ _ _ _ _

10 10
010 10-1

_ 10.2 10.2 z
4 410', 1 610 310 3

"~~~ .' 0. 30.
In _"__ ___ __ __ 10

.4
___ _ __ _ -10 .4

__ _ _ _10.' 10- E
Z 5 10--z
70 o -10 5

1o7 10i*4

0-7 -7

1010"6 106

-8 -8 OF O I lJ lt I I I I lilt

1 4 10 40 100 4 0 40 l00

© ENVIRONMENT: 100 ENVIRONMENT: 100

12 10-2
010 "1  10 1

.. 161. l .  1 .3  _-
10 2  10-2

10 10 33  _ 
10 3  E

10.  -0 5  E
10 1 1

1 -4-4l1- - 1 m

-' " 101 05

~100-
7 -o

-6- -
10' - 10

1061 6 1 iI I I 1 1-1 1

1 4 10 40 100 1 4 10 40 100
AK (KSI v/Tn) AK (KSI /'n)

Figure 7.5.3.75
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TABLE 7.5.3.76

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.76 INDICATING EFFECT

-~ OF STRESS RATIO
--------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 2024
CONDITION: T852
ENVIRONMENT: R.T. 1LAB AIR

--------------------------------------------------------------------------------------

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C I)

. R=+0. 33

A: 6.07 :1.26
DELTA K B:

MIN C:
D:

7.00 :2.13
8.00 :3. 14
9.00 :4.25
10.00 5.59
13.00 : 13.5

A: 15.89 : 39.3

DELTA K B:
MAX C:

--------------------------------------------------------------------------------------
ROOT MEAN SQUARE 30. 64
PERCENT ERROR

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

LIFE 0.0-0. 5
PREDICTION 0.5-0.8 1

RATIO 0.8-1.25 4
*.SUMMARY 1.25-2.0 1

* .(NP/NA) >2. 0

7. 5-236



F;::7
CONDITION/HT: T852 ALUM. 4

FORM: 8. 8S"TH FORGING YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: T-L SPECIMEN THK. 0.750'
FREQUENCY: 5. 17 HZ SPECIMEN WIDTH: 3. 000" 2024

-ENVIRONMENT: R. T..* LAB AIR REFERENCES77720

A K (MP A vr-) &K (MPA %,/-m)
4 10 40 100 4 10 40 100

I I' II' wil 1'It
100STRESS RATIO -I .033 STRESS RATIO

10. 10.1

163
10 .2 10,2_

-144 _________

10O 10 E
E

165

W 4-
10 10 '

10 10

1 -7 -67

10- 6 10 -6

1o68 zi.1i L.±LUz-i8 WW~~ L.LL.
1 4 10 40 100 1 4 10 40 100

STPY 11FTTF I 00'
STRESSRATIO= 100STRESS RATIO =1

10- 10-

ao3  107
2 -

- 10- 102
0~~1 z______1

10 10

1U 
1

4-10-(

1-6 -6

7 10

108 1 o6710

1-81 40 100 1.L.L I 4.±10 .40J.100

AK (K I v )A (KSI v 100
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TABLE 7.5.3.77

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.77 INDICATING EFFECT

OF STRESS RATIO

~ MATEjIAL: ALUMINUM 22

ENVIRONMENT: R. T. ,LAB AIR

DELTA K .DA/DN (10**-6 IN. /CYCLE)
* (KSI*IN**1/2)ABCD

R=+0. 10

A: 20.67 : 104.
DELTA K B:

MIN C:

25. 00 : 236.
30. 00 : 570.

* 35. 00 : 3094.

A: 383.64 :20484.
DELTA K B:

MAX C:

ROOT MEAN SQUARE 31. 76
PERCENT ERROR

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

LIFE 0.0-0.5 1
%.. PREDICTION 0. 5-0. 8 4

RATIO 0.8-1.25 3
SUMMARY 1.25-2.0 1
(NP/NA) >2.0

lot 7. 5-238



CONDITION/HT: T881 ALUM.
FORM: 0. 02"TH SHEET YIELD STRENGTH: 65.7 KSI ALLOY
SPECIMEN TYPE. CT ULT. STRENGTH: 70.8 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 020"

* FREQUENCY: 0. 10- 1.00 HZ SPECIMEN WIDTH: 5. 000" 2024
ENVIRONMENT: R.T.. LAB AIR REFERENCES:88578

AK (MPA &v/ ) AK (MPA V/m)
4 10 40 100 4 10 40 100

(f 1 1 11 1 1 1 1 ' I ' ,T I 11 ,11'l

STRESS RATIO = +0.0 STRESS RATIO2 -2 o . _- __- lO_ - --

1. 1 10

10-1 1- .1

1073 1 3
-10.2 10 2 -

") 10 . 1 101 0

-10- l E
E

cI _10
. 4  10 - 1

-6 -6 z o- m

S0 10

1 
F

-6 -76-10 10
01086 1 106

1 4 10 40 100 1 4 10 40 100

- STRESS RATIO = 1 STRESS RATIO= 10o

1-2 _7"t_2 _162

S010 - 1

01013 10.3

10 2- -- 0 . 2  _ __10 . 2

> 10"4  40 '-
, 10 -3 E

_ 10;

E

"10 10- 0-
-4 4

10 I

55
1 07- 10-70-'i';, -- °  "- 5o

-7 -
10 10,

1 -6 10

10 - 8 - 10 . 8 1 I ,I I I I
1 4 10 40 100 1 4 10 40 100

AK (KSI V/7) AK (KSI ,/'T )
e'. Figure 7.5.3.77
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TABLE 7.5.3.78

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.78 INDICATING EFFECT

OF FREQUENCY

MATERIAL: ALUMINUM 2024
CONDITION: T861
ENVIRONMENT: R.T. ,LAB AIR

DELTA K :DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

F(HZ)= F(HZ)=
2.00-9.00 10.00-13.00

A: 8.65 : 4.75
* .DELTA K B: 3. 383 . 436

MIN C:

7.3.50: .463
U...,4.00 :.591

5.00 :. 998
6.00 :1.68
7.00 .2.73

6.00 :4.27
9.00 : 6.59 6.44

10.00 : 8.06 9.37
13.00 : 17.4 24.1
16.00 : 40.3 49.8
20.00 : 99.9

A: 22.81 : 156.
DELTA K B: 18.90 :86.5

MAX C:
D:

ROOT MEAN SQUARE 14. 48 22. 93
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8

*.RATIO 0.8-1.25 4 9
SUMMARY 1.25-2.0
(NP/fNA) -,2.0
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CONDITION/HT: T851
FORM: 0.02"TH SHEET YIELD STRENGTH: 65. 7 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 70. 8 KSI
ORIENTATION: TL SPECIMEN THK: 0. 020"
STRESS RATIO: .-0.10 SPECIMEN WIDTH: 5. 000" 2024
ENVIRONMENT: R. T. *LAB AIR REFERENCES:8857e

&K (MPA V/m) &K (MPA v~
4 10 40 100 4 10 40 100

SFREQUENCY (Hz) 100o FREQUENCY (Hz)
-62 2.00- 9.00- -2 _____10.00- 13.00-

10- 10'

lo02 102

>1 -4 ____1_____ 4 U

c10 10 E
.5 7__ _ _ 10 El1o -10--

lo7410-4 r

10_____ 1010

-76

101 -6______ lo

11 1 16 1 [ I

1 4 10 40 1004 100 10

© ~pW-FrTTrI 100 FRQEC (Hz) -imow
FREQUENCY (Hz)FRQEC(H)-1

1-2 
16_______ 2

10- - 1

1-2 10
10 14

U-U.> 4 l___ __ __ __ _ __ _ __1

103 )- E
S 1 10 E

z -5_ _ __ _ _ 10-5 z
10 10

K1.6 1166
10- 10-1

107
1010 10_____-I_______ ______

1 _ __ __8_ 108

14 10 40 100 1 4 10 40 100

Figure 7.5.3.7H
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TABLE 7.5.3.79

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.79 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T862
ENVIRONMENT-. R.T. -LAB AIR

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+0. 08 R=+0. 10

A: 4.55: .48
DELTA K B:
MIN C:

5.00 : 710
6.00 : 1.40
7.00 : 2.41
8.00 : 3.87
9.00: 5.99
10.00 : 9.12
13.00 : 31.4
16.00 Ill1.
20. 00 : 595.
25.00 : 2845.

A: 26.94 :11616.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 19. 73 0. 00
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

*RATIO 0.8-1.25 3
*SUMMARY 1.25-2.0

(NP/NA) >2. 0
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* 1 CONDITION/HT: T881ALM
FORM: 0. 09"TH SHEET YIELD STRENGTH: 73. 0 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 76.68 KSI
ORIENTATION: T-L. SPECIMEN THK 0. 090"
FREQUENCY: 0.10- 15.00 HZ SPECIMEN WIDTH: 5. 000" 2024
ENVIRONMENT: R. T. *LAB AIR REFERENCES:88578B

A K (M PA A~ AK (MP A V
4 10 40 100 4 10 40 100

STRESS RATIO =--0. 08 loSTRESS RATIO 4.j i

162 m 62-

-10-1 10-1

*~ _ 1

ol10 100

3 -3 E10o 10 E

10 1o5 11

10 10100' 10

68 -8 jJJJ i.L..i

1 4. 108 40 10
1 I4 101 40 100 1I8 0 04 0

STRESS RATIO = 0STRESS RATIO - 10

100

10.1 103

10-2 _

0)10

~~1 16110

z 
E

-4 'a

'0166 1066O

1O71oF
7  

__ _ _ _ _ _ _ _ _

107 610.6

16 8 ..... L.-1068 Lr -J~L i.........±.L.L~

,1 1 4 10 40 100 7.14 4 10 40 100
AK (KSI v'm) AK (KSI Vin)

Figure 7.5.3.79
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TABLE 7.5.3.80

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.80 INDICATING EFFECT

OF FREQUENCY

% MATERIAL: ALUMINUM 2024
CONDITION: T861

ENVIRONMENT: R.T. LAB AIR

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

.A B C D

F(HZ)= F(HZ)= F(HZ)=
0. 10-0.40 1.00-10.00 10.00-20.00

A: 16.87 : 167.

7 DELTA K B: 13.66 :65.8
* MIN C: 4.64 . 90

D:

5.00 :1.05
6.001. 63

6.00: 2.57
8.00: 4.06

9.00 :6.40
10.00 :10.0

13.00 :36.3
16.00 :175. 121.
20. 00 : 696. 642.
25. 00 : 6906.

A: 27.35 :22814.
DELTA K B: 20.30 :893.

MAX C: 17. 18 :190.
D:

ROOT MEAN SQUARE 28.61 12.20 17.24
PERCENT ERROR

*d- -------------------------------------------------------------

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8 1 1

9;" RATIO 0.6-1.25 2 3 6
SUMMARY 1.25-2.0 1 1
(NP/NA) >2. 0
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CONDITION/HT: T881ALM
FORM: 0.09"TH SHEET YIELD STRENGTH: 73. 0 KSI ALLOY
SPECIMEN TYPE. CT ULT. STRENGTH: 75. 8 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 090"

* STRESS RATIO: -0. 10 SPECIMEN WIDTH: 5. 000' 02
* ENVIRONMENT: R. T. *LAB AIR REFER ENCES.186578

&K (MPA Vm_ &K (MPA ~~
*4 10 40 100 4 10 40 100

0
FREQUENCY (Hz) - 0FREQUENCY (Hz)
-2 ~~0.1,t- 0. 40-210 1.0

10 1
10 210'

:_ -42

C 30 *3 E
10 E

z 50~

4 4~

1005 10-

10' 0

10 6 10 -

18 114 4 0
1 4 10 40 1001 4 0

1 1 1 1 *i -I 0 1 1 1 1 1 1 1 1 _

FREQUENCY (Hz) = -100 FREQUENCY (Hz) 100
1-2 10. 00-_____ 20._____ _ 00 1-2

10- 10-

U3 10-1

G) 102 10.2

44

s 0 1 0-i 3  r_

z 5~__ 1~

107 10

-7 167

10 -1

10 1AK KSI ~ThFigure 7. 5. 3.801
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TABLE 7.5.3.81

*FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE7.5.3.8. INDICATING EFFECT

OF FREQUENCY

-: MATERIAL: ALUMINUM 2024
CONDITION: T861
ENVIRONMENT: R.T. .LAB AIR

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

F(HZ)- 0. 10 F(HZ)= F(HZ)=

.11.00-5.00 10.00-15.00

A: 15.86 : 762.
x~DELTA K B: 11.86 :121.

MIN C: 4.66: .582

5.00 :1.23
6.00: 2.79
7.00 :4.65
8.00 :8.57
9.00 :16.4
10.00 :31.8
13.00 :198.
16.00 : 730.

A: 18.41 : 3233.
DELTA K B: 15.02 :536.

MAX C: 10.48 :43.7
D:

ROOT MEAN SQUARE 25. 86 9. 54 8. 61
PERCENT ERROR

LIFE 0. 0-0. 5
V PREDICTION 0. 5-0. 8

RATIO 0.85-1.25 11 1
SUMMARY 1.25-2.0
(NP/NA) >2.0
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CONDITION/HT: T881 ALUM.
FORM: 0. 09"TH SHEET YIELD STRENGTH: 73.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 78. 8 KS!
ORIENTATION: T-L SPECIMEN THK: 0. 090"

:- -.STRESS RATIO: -0. 40 SPECIMEN WIDTH: 5. 000" 2024
- ENVIRONMENT: R.T. LAB AIR REFERENCES:88578

AK (MPA •&°K (MPA V)
4 10 40 100 4 10 40 100

FREQUENCY (Hz) 0. 10 FREQUENCY (Hz)
12 -2 1.00- 5. 00

010 10.3

- 101 10.

1o- I0 2 E
1(4 10 4  ,

- 10.3  103

u : lO - 10
-: E

, 5 
z

'Ja-" 10zII II l I l 0e I , I, , l l l -

-4 4

10 10 cc

1 0- 5 1 0-

-7 -7

10 10101o 4 10 40 100 14 jjL 10 40 100....Lj~

FREQUENCY (Hz) = F C100
1-2 10. .00- 15. -2 00--_2

100- 10-

63. _- _6-10 10-

.,.- 101641 
. 2

1 _ 1 _

f ',',€ "Cjf _ _10 . 3  -0 3 E1' ' : Z 105 - 10. 5 -  --

a16 - 10 6

10. 5

11 0, 10 (U

- -6
10-  - 10

10 10--

I - I,.1 1 --

1 4 10 40 100 1 4 10 40 100
A K (KSI V/) AK (KSI v/7n)

Figure 7.5.3.81
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TABLE 7.5.3.82

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.82 INDICATING EFFECT

-J OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T861

* ENVIRONMENT: R.T. ,LAB AIR
------------------------------------------------------------------------------------

DELTA K DA/ON (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+0-. 10

A: 9.69 : 6.16
DELTA KDB

MIN C:

10.00 : 6.91
13.00 : 16.3
16.00 : 45.0

A: 17.41 : 84.3
DELTA K B:

*MAX C:

ROOT MEAN SQUARE 16. 15
PERCENT ERROR

LIFE 0. 0-0. 5
-: PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 4
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: T881f~~i~
FORM: 0.2"HPAEYIELD STRENGTH: 70.68 KSI ALY
SPECIMEN TYPE: CT ULT. STRENGTH: 74. Q KSI

*ORIENTATION: T-L SPECIMEN THK: 0. 250'
~ .- :FREQUENCY: 10.00 HZ SPECIMEN WIDTH: 5. 000" 02
V - ENVIRONMENT: R. T. *LAB AIR REFERENCES:88578

AK (MPA V/Th) AK (MPA V,/-)
4 10 40 100 4 10 40 100

STRESS RATIO -o-0. 10 lo @ STRESS RATIO

106

10.1 10-1

10o3  10Fo3

1 02 102
_ 1 1 0

>1 -4 -4 _____ ___

10O 10- 10E
z E

161
10 -510

1 o- 10-

10 -010

10-6 10

1 4 10 40 100 1 4 10 40 100

STRESS RATIO= 100 STRESS RATIO= 100

1- 10-21
10.1 101

c* o 10 -3

10~ ~10
z E

-65-
10 10-

100 10 4

1 10 01 0 0- 166~ 0.

AKl (KI 0) K(KI5'~
Fiur 7.53.8
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TABLE 7.5.3.83

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.83 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T861
ENVIRONMENT: R.T. .LAB AIR

DELTA K .DA/ON (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

. R=+0. 10 R=+0. 40

*A: 11.03 : 11.6
DELTA K B:
MIN C:

13.00 : 17.4
'5.16.00 : 38.5

20.00 . 127.
25. 00 : 580.
30. 00 : 2479.
35.00 : 9690.

A: 36.01 :12618.
*DELTAKDB:

MAX C:
D:

ROOT MEAN SQUARE 21.52 0.00

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICT ION 0. 5-0. 8
RATIO 0.8-1.25 3
SUMMARY 1.25-2.0 1
(NP/NA) >2.0

7. 5-250
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CONDITION/HT: T861 ALUM.
FORM: I. 25"TH PLATE YIELD STRENGTH: 70. 6 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 74. 9 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 250"
FREQUENCY: 1.00- 5.00 HZ SPECIMEN WIDTH: 5. 000" 2024
ENVIRONMENT: R.T..LAB AIR REFERENCES:88576

AK (MPA A%/' ) AK (MPA 'Fi)
4 10 40 100 4 10 40 100

STRESS RATIO -121. 10 STRESS RATIO = I, 40
1 21 0 1 0 2

-1 -10lo

1 3  1 3

-2
10-2 3 10-

-- 4
.) U

s-Ji 10 3  10 3 E

1 .  10-
__1.10 _--_---- :100

110-65 -. 10' 5
-77

1 6 1 6
10 100-

10 8  1 1 1 1 ,I I I , l illt, - 1 0 8 1 1 1 1 1 ,11 1 1 1 1 1, ll i -

l 4 10 40 100 4 10 40 100

STRESSRATIO STRESS RATIO 10o

-2 __-2 __________

10- -1

-. 10 1 _ 10.1

io~lo10 3  -- 10 3 Z-

10-2 10-2
"10 - _

i 3 E~10 .  -- 10.

10- - 06-

10 E
Z 5

1 o4  10-

016 10

167 
7

100 106 U

-- 1 4 10 40 100 1 4 10 40 100

AK (KSI v/7) AK (KSI v'h)
Figure 7.5.3.83
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TABLE 7.5.3.84

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.84 INDICATING EFFECT

OF FORM

MATERIAL: ALUMINUM 2024
CONDITION: T351
ENVIRONMENT: 3X/DAY-3. 5NACL
- - - - - - - -- - - - - - - -

K MAX DA/DT (l0**-6 IN/HOUR)
(KSI*IN**l/2)

*A B C D

T(IN)= 1.0 T(IN)= 1.2 T(IN)= 2.0
PLATE PLATE PLATE

A: 14. 00 826.
K KMAX B: 9.50 312.
MIN C

10. 00 337.
13. 00 518.
16.00 875. 743.
20.00 1006. 1087.
25.00 1141. 1535.
30.00 1184. 1947. --
35.00 1130. 2278.

A: 40.00 1001.
K MAX B: 39.00 2472.
MAX C:

ROOT MEAN SQUARE 17.-25 2. 55 0. 00
-PERCENT ERROR

7.525



'4! CONDITION/HT: T351 ALUM.
ENVIRONMENT:X/DAY-3. 5NACL SPECIMEN THK: 1. 010 ALLOY
SPECIMEN TYPE: DCB SPECIMEN WIDTH: 5. 000"
ORIENTATION* 9-L CRACK LENGTH (A0).

..., YIELD STRENGTH: Kgsc: 2024
ULT. STRENGTH: REFERENCES: 78313. 84284

K max (MPA Vm) K max (MPA vl')
4 10 40 100 4 10 40 100

I'l il I I I 111 -t 2 rn 1 1 91

FORM: 1. 0"TH _10 FORM: 1. 2"TH
0 PLATE -10 PLATE

101 101

0 - 0,

100 1- _______10,-

c101 -10 E
3 E

S10' mol 10 .3_____-

10'2 10-2 '

10 .4 - 40~

3ia. 3

010- 100

1075 1015

10, 10,04

10 10 10 4 001 4 10 4 0

@ OM 2 H10 2 @ OM 0

0 PLAT
10 100

10 2 10.2

0 0
1010 10100

i010
10 16

10 3' 103

.-2532

..............



TABLE 7.5.3.85

SUS$TAINED CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.5.3.85 INDICATING EFFECT

OF ENVIRONMENT
. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MATERIAL: ALUMINUM 2074
CONDITION: T4

K MAX DA/DT (10**-6 IN/HOUR)
(KSI*IN**1/2)

A B3 C D

WET 3X/DAY WITH

3. 5%. NAGL

A: 10.00 376.
K MAX B:
MIN c:

D:

-~13.00 . 545.
16.00 : 654.
20.00 . 736.
25.00 . 788.

* .30.00 : 822.
35.00 : 856.
40.00 : 897.
50.00 : 1013.

A: 60.00 : 1189.
K MAX 3:

MAX c:
D:

ROOT MEAN SQUARE 8. 21
PERCENT ERROR

7.5-254



* CONDITION/HT: T4 ALUM.~?
FORM: FOIRGING SPECIMEN THK. .30 ALLOY
SPECIMEN TYPE: OCS SPECIMEN WIDTH: 5. 00
ORIENTATION:S-L CRACK LENGTH (A0 )i
YIELD STRENGTH: K iscc:
ULT. STRENGTH: REEECS7332124

K max (MPA V~m) K max (MPA VM
-- 4 10 40 100 4 10 40 100

ENVIRONMENT: 10 2 @ E NVIRONMENT:
WET SX/DAY WITHZ

100 3.5XNACL 11 100

1010 10

0
c 10 10E

10- 10 E3

~0 1010

10-'0- 0-2;a__ _ i-
10' 10,4

1001 10 13

16 1 4  15

1001 01 40 10

1 4 10 40 100 1_ 4_ 10_40_ 100

ENVIRONMENT: -10 @- ENVIRONMENT: 102

100 100_____

101 101

i d ' - 1 0 01~- 1 0 0 ;

o0~ 1072

101 10'E

03 100o 23

10 101

1 "1 0 -3 10'
'10

~. 10'6 1.I W L 10-6 .... ~..Li ....... ±..AJ1
1 4 10 40 100 1 4 10 40 100

K max (KSI vin Kma (S
Figjure 7.5.3.85 Ka KIv~
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TABLE 7.6.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.6.3.1 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2024
CONDITION: T3

ENVIRONMENT: R.T. *LAB AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
.* (KSI*IN**1/2)

. A B C D

" R=+O. 00 R=+0. 33

A: 8.49 " 1.44
DELTA K B: 5. 87 " 1. 12

MIN C:
D:

6.00 1.23
7.00 2.32
8.00 " 3.67
9.00 2.02 5.25
10.00 : 3.32 7.07
13.00 7.71 14.4
16.00 12.3 27.0
20.00 " 21.6 62.6
25. 00 " 51. 1 192.
30.00 " 154.

A: 30. 54 176.
DELTA K B: 28. 15 403.

MAX C:

ROOT MEAN SQUARE 11.73 9.35
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

0 RATIO 0.8-1.25 2 4
SUMMARY 1. 25-2. 0
(NP/NA) >2 0

7.6-12



CONDITION/HT: T3 ALUM.
FORM: 0. 09"TH SHEET YIELD STRENGTH: 45.8 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 6. 6 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 090'
FREQUENCY: 13. 30 HZ SPECIMEN WIDTH: 4. 000" 2024
ENVIRONMENT: R. T., LAB AIR REFERENCES:86213

(ALCLAD)

& AK (MPA -\/') &K (MPA -\/m)
4 10 40 100 4 10 40 100

100
STRESS RATIO 00 STRESS RATIO 0 33

10 1

10.1 o_ 1_

" - - 102-i-- 102 __

ol -- - 10# - -

*- _i__ 103 o-- 0 3 E
_ _ ES1 5  -- 10 -  - Z

11 1 4 1

Iii o - - -o,

1 -,- 6 1 0 ' 3 E
0 100 1141 0

Ilo 10' I'l I ' 0
" :" _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ --- 1"2

16 106

10
.  1

-s _ _ _ _ __- _0 z 0
.

10- -6-

0
8 - 1081 4 10 40 100 14 10 40 100

STRESS RATIO 100 @oTESRAI0

16 2 
102

10-2  1010-

100 1 0 E

10 10 4

1- . 4 140 1 0 104 10L.';-0 10o O

[E -6 -- . 1 - ---
.1..

" - .
1 0 

1 0 7 .• - _10 - - 10

10:::- 8O 1-8

1':' 4 10 40 1 0; 4 10 40 10

"€." K (K S I V i) K (K S I 1 Tn
i':': FJ~~r 7. f). .
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TABLE 7.7.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.7.3.1 INDICATING EFFECT

OF ENVIRONMENT
------------------------------------------------------------------------------------

* .MATERIAL: ALUMINUM 2048
CONDITION: T851

------------------------------------------------------------------------------------
DELTA K DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
sc.A B C D

E=R. T. E= R. T.
:DRY AIR S. T. W.

A: 5.67 .484
DELTA KB: 5.12: .924

MIN C:

6.00 .567 2.07
7.00 .909 3.56
6.00 : 1.43 5.32
9.00 2.19 7.58
10.00 3.24 9.60
13.00 . 8.76 14.5
16.00 : 19.0

A: 19.95 : 40.4
DELTA K B: 14.65 :23.7

MAX C:
D:

ROOT MEAN SQUARE 20. 95 12. 60

PERCENT ERROR
-------------------------------------------------------------------------------------

* .LIFE 0. 0-0. 5
PREDICTION 0. 5-0.89

RATIO 0.8-1.25
SUMMUARY 1.25-2.0
(NP/NA) >2. 0

* 7.7-8

1,, 027.



CONDITION/HT: T851 ALUM.
FORM: 1. 00"TH PLATE YIELD STRENGTH: 87. 5 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 71. 4 KSI
ORIENTATION L-T SPECIMEN THK: 1. 00
STRESS RATIO: -10. 33 SPECIMEN WIDTH: 3. 805" 24
FREQUENCY:RFRNE:AO 2. 00- 20. 00 HZ 2E048ESAL0

AiK (MPA -viW) AK (MPA '%/T)
4 10 40 100 4 10 40 100

-ENVIRONMENT: R.4.1011 lAo ® ENVIF4ONM NT: R. T..v

DRY AIR S. T. W.

102 10.1

1 ~3 3

a' 1 0 102 ,

LL)

10E

Zo __ _ _- z
'_ 10 10~

m 1071

106 106
5

-77

10,10

10.6 1 LL

ENIOMN:lo @ ENVIRONMENT:10

1-2 
1_________ 2

100 -010

1 o3  16io
12 102

10 10 C,

*10- 10-
z E

z o 5  
1- zo

V1 0F4

5: 10 -51

-7 -7

10 OF 10

10 0-6 10-6

*..:4 10 40 100 1 4 10 40 100
AK (KSI .%/T) AK (KSI v'Th

Figure 7.7.3.1
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TABLE 7.7.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.7.3.2 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2048

CONDITION: T851

DELTA K .DA/DN (10**-6 IN. /CYCLE)
* (KSI*IN**1/2)

A B C D

. E= R. T. E- R. T. E= R. T.
:DRY AIR H. H. A. S. T.W.

A: 5.67 :.855
DELTA K B: 5. 67 :1. 36
MIN C: 4.50 : 643

5.00 :1.01
6.00 :.895 1.73 2.04
7.00 : 1.25 3.09 3.93
8.00 2.01 4.77 6.02
9.00 : 3.37 6.76 8.13
10.00 : 5.58 9.12 10.4
13.00 : 19.2 19.7 20.2
16.00 : 40.5 40.6

A: 19.61 : 152.
DELTA K B: 18.55: 76.1

MAX C: 15.99 :45.9
D:

ROOT MEAN SQUARE 22. 75 13. 68 13. 37
PERCENT ERROR

* LIFE 0. 0-0. 5
PREDICTION 0. 5-0.9

RATIO 0.8-1.25
-~ SUMMAY 1.25-2.0
-(NP/NA) >2. 0

7.7-10
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*CONDITION/HT T851 ALUM.1
FORM: 1.08"TH PLATE YIELD STRENGTH: 165.4 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 70. 5 KSI
ORIENTATION- T-L SPECIMEN THK. 1. 000"
STRESS RATIO -o0. 33 SPECIMEN WIDTH: 3. 805' 2048
FREQUENCY 2. 00- 20. 00 HZ REFERENCES:AL001

&K (MPA ~/)AK (MPA -,/M)
4 10 40 100 4 10 40 100

I '.T II' I' II' TI I
ENVIRONMENT R. 4..1 10 0 -.- ENVIHONMeNT: R. .
DRY AIR 10H.H. A.

1d2 
1d

10 10.

2 -2 _

10? 10 Z

13 E
z 105

7 105 cz

10-0________

10 __________ 10L
106 1 6

1~1 41040101 4 10 4 0

2 -2
10 - 1

10080

1 4- 10~ 40 101 14 0 4 0

100

10 10102

3 110 E
E

S10 -10~ z

10 1010

5 a 5

i0- - 00

106 110

10 46 10 40 10

AK (KSI \f'in AK (KSI -,/I)
Figure 7.7.3.2
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TABLE 7.7.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.7.3.3 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2048

CONDITION: T651

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R. T. E= R. T.
DRY AIR S. T. W.

A: 6.42 1.42
DELTA K B: 5. 10 .702

MIN C:
D:

6.00 1.67
7.00 1.36 3.21
6.00 2.51 5.06
9.00 3.89 7.06
10. 00 4. 99 9. 14
13.00 ~ 8.7e 15.9 --

16.00 19.9
20.00 56.3

A. 20.35 66.6
DELTA K B 14. 76 20. 5

MAX C:
D

ROOT MEAN SQUARE 18. 85 17. 65
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.89
RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

* 7.7-12
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* CONDITION/HT: T851ALM
FORM: 4. 00"TH PLATE YIELD STRENGTH- 59. 1 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH. 84. 4 KSI
ORIENTATION- L-T SPECIMEN THK: 1. 000"
STRESS RATIO: -0. 33 SPECIMEN WIDTH: 3. 100"24
FREQUENCY: 2.00- 20.00 HZ REFERENCES:AL001204

AK (MPA _l/T) AK (MPA -\/mi)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. 4.. 100 E NVI ONME N T: R. T.
DRY AIR S. T. W.

10.1 100

103  631

02 2

>. .4

C 10 3 10-3 E
E

10 __0__ z
1010'4 10-

1166

10-s 10 o5

06 -6

10 1-8L.JLJ
1 4 10 40 1004 10 0 10

I I I P ill I I 1 11111 0 @I I 11 , 1 1 1 1
ENVIRONMENT.- 10 ENVIRONMENT: o

10 1072

10' 1.
1010-1

10O - 10 3

C 10 20

E

7 57

17 10.6'

4~1 104 001 4 10 4 0

10. 7.-1
I t 1 11 1l
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TABLE 7.7.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.7.3.4 INDICATING EFFECT

OF STRESS RATIO
-------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 2048
CONDITION: T8351
ENVIRONMENT: R. T. S. T.W

---------------------------------------------------------------------------------------------------------

DELTA K DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+.33 R=+0. 67

A: 2. 46 . 0795
DELTA K B: 4. 19 :1. 16

MIN C:

2. 50 . .0819

3.00 :.128
3.50 :.212
4.00 :.344
5.00 :.825 1.52
6.00 : 1.72 2.61-
7.00 : 3. 17 4.81
8.00 . 5.30 8.72
9.00 : 8.22 15. 1
10.00 : 11.9 24.6
13.00 : 27.7 73.6

* .16.00 : 55.8

A: 16.89 : 118.
DELTA K B: 13. 10 :75. 7

MAX C:

ROOT MEAN SQUARE 21.89 16.75
PERCENT ERROR

------------------------------------------------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 9
RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
~>.(PI/NA) >2. 0

7.7-14



'9. CONDITION/HT: T852 LM
FORM. 4. 00"TH PLATE YIELD STRENGTH: 57. 3 KSIALY
SPECIMEN TYPE. CT ULT. STRENGTH: 83. 7 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 250- 1. 000"

-- FREQUENCY: 2.00- 30.00 HZ SPECIMEN WIDTH: 2. 550" 24
*ENVIRONMENT. R. T..* S. T. W. REFERENCES:AL001 24

* AK (MPA V~/i) &K (MPA /)
4 10 40 100 4 10 40 100

STRESS RATIO -o-0. 33 STRESS RATIO -t-0 67
1-2 16_______ 2 ______ _ ________

10- 11

10.1 3i1TF

*10 10a"io

_ 102 10 3h

ol10 100
z 5 5-55-

41 4
10' 10

-65 -- 5__ _ _ __ _10 10

10 10~

100 107

1 0 4 0 4 10 40 100

=1©01000
STRESS RATIO =STRESS RATIO= 0

-62 16_______ 2

10- - 10

103 103

1 0-2 102

~-5 10- 10

-44

10 10'3

105-1 10- 51

-70

10- lo1

~ 04 10 40 100 1 4 10 40 100
AK (KSI N/7) A K (K SI 7fnh

.5 Figure 7.7.3.4

0 7.7-15
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TABLE 7.7.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.7.3.5 INDICATING EFFECT

OF ENVIRONMENT

MATER IAL: ALUMINUM 2048
CONDITION: T851

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R.T. E= R.T.
.DRY AIR S. T.W.

A: 5.34 :.416
DELTA K B: 2.46 :.0786

MIN c:

2.50: .0816
3.00 :.129

S..3.50 .20B
4.00 :.340
5. 00 :.841
6.00 :.615 1.76
7.00 : 1.16 3. 1B

*8.00 : 2. 12 5.20
9.00 : 3.65 7.94
10.00 : 5.64 11. 5
13.00 : 15.3 26.6
16.00 : 41.9 56.7

A: 1B. 10 : 148.
DELTA K B: 16.89 70.9

MAX C:

ROOT MEAN SQUARE 26. 02 23. 71
PERCENT ERROR

LIFE 0.0-05
PREDICTION 0.5-0.9
RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION!HT: T851 AUM

LLFORM: 4.00"TH PLATE YIELD STRENGTH: 57.3 KS! ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 83. 7 KSI
ORIENTATION- T-L SPECIMEN THK: 0.250- 1.0800"
STRESS RATIO: +0.33 SPECIMEN WIDTH: 2. 550" 24

. ..*. FREQUENCY: 2. 00- 30. 00 HZ REFERENCES:AL00l204

-- &K (MPA Vm~ AK (MPA V/mh
4 10 40 100 4 10 40 100

ENVIRONMENT: R. .. 100 ENVI4ONMENT:- R. T..
DRY AIR S. T. W.

100- 10-

103 10.1

10-2 lo02

>3 - 3 -
10 10 E 0

-~E

lo -o- z
4 4o

10 - 10'

-67 -O7

1 07 0 1

-68 -8i IJ i

*-1 4 10 40 1004 100 10

© ENVIRONMENT: 10o ENVIRONMENT: 100)

-62 _________-2

10-2 20

10 - 10

-E 10 3 E
E

~ 0 _ _ _ __ _ _ _ _ __ _ _ _ -10~ -

V10- 10 4~

166

10 1

10' 610

100 1071

-11 4 10 40 100 1 4 10 40 100

Figure 7.7.3.5
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TABLE 7.7.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS.

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.7.3.6 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2048
CONDITION: T851

-----------------------------------------------------------------------------------

DELTA K DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B CD

E= R. T. E= R. T.
H.H.A. S. T. W.

A: 5.60 1.18
DELTARKDB 4.50 1.08
MIN C.

5.00 1.48
6 00 1.70 2.51
7.00 3.33 3.97
8.00 5.39 6.06
9.00 7.99 9.06
1000 11.5 134
13.00 35.7 41.5

A 1481 78.8
DELTA K B: 15.41 101.

MAX C.
D .

ROOT MEAN SQUARE 17 15. 46
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICT ION 0. 5-0.89

RATIO 0.8-1 25
SUMMARY 1.25-2.0
(NP/NA) >20

7. 1 K



*CONDITION/HT: T85l ALUM.
FORM: 4. 00"TH PLATE YIELD STRENGTH: 515.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 62. 5 KSI
ORIENTATION- S-L SPECIMEN THK: 1. 000"

.- ,STRESS RATIO: -*0. 33 SPECIMEN WIDTH: 3. 605"24
FREOUENCY: 2. 00- 20. 00 HZ REFERENCESAL001 24

AK (MPA VI') &K (MPA '.4/Th)
S..4 10 40 100 4 10 40 100

ENVIRONMENT: R. 4.1. -11 100 ENVIFIONMENT: R. T..
H. H. A. S. T. W.

162 162

-10-1 10.1

10'~ 3-0
2-2

1 0 10 -

U U

z 
E

10 10- 5 50
4 .4

41 10" 10 -

10 
-6

10' 10 5

106 1

-8 1 11LLh I II h - 1
1 4 10 40 100 1 4I' 00

ENVIRONMENT: lo @ ENVIRONMENT 100

-62 16_______ 2

10 - 10

10.1 10

101'-2
102 -10

U

10' 103E

5 5c

10 -10

10. lo-,

10- 5 10

10~-6 1 6
100

1 4 10 40 100 1 4 10 40 100
AK (KSI v =m AK (KSI /)

Figure 7.7.3.6
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TABLE 7.8.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.8.3.1 INDICATING EFFECT

- MATRIOF STRESS RATIO

MATERIAL: ALUMINUM 2124
CONDITION: T851

ENVIRONMENT: R.T., H.H.A.

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

- A B C D

* R=+0. 33

A: 2.11 : .00883
DELTA K B:
MIN C:

D:

2.50 : .0441
3. 00 : . 149
3.50 : .317

4.00 .549
5.00 : 1.33
6.00 2.60

., 7.00 : 4.24
8.00 : 6.22
9.00 : 8.61
10.00 : 11.5
13.00 : 24.4
16.00 : 49.6

20.00 : 168.

- A: 20. 19 : 182.
DELTA K B:
MAX C:

~D::

ROOT MEAN SQUARE 12.91
PERCENT ERROR

--------------------------------- -------------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0.5-0.6

RATIO 0.8-1. 25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

7.8-5



CONDITION/HT: T851 ALUM.
* FORM: 1.50"TH PLATE YIELD STRENGTH: 58.0 KSI IALLOY

SPECIMEN TYPE: WOL ULT. STRENGTH: 71. 0 KSI
ORIENTATION: L-T SPECIMEN THK. 0. 250"

.. FREQUENCY: 25.00 SPECIMEN WIDTH: 2. 550" 22
% ENVIRONMENT: R. T. * H. H. A. REFER ENC ES: NC003 22

&K (MPA Vm AK (MPA -,/Mh)
4 10 40 100 4 10 40 100

SSTRESS RATIO *10.33 100 V STRESS RATIO

10 -1

101 101

(UU

10 10
s10. 10 E5

10
40 1 o74

00

-2 -7
10 60 10 1

-102 10'

162)

100 1010

~10 10

-6 -610 101
z

16 101

106 10-

5 5.

7 .7

*10

I~~ I 5~~, I -I .lilt I I. ~ P 1 11- 1 1. 11** 1 .1 1 1. . . . .



TABLE 7.8.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.8.3.2 INDICATING EFFECT

OF ENVIRONMENT

* MATERIAL: ALUMINUM 2124
CONDITION: T851

DELTA K~ DA/DN (1O**-6 IN. /CVCLE)
(KSI*IN**1/2)

.A B C D

E=R. T.
:LAB AIR

A: 2.05 :.0155

DELTA KB
MIN C:

D.

2.50 :.0474
3.00 :.0874
3.50: .115
4.00 :.142
5.00 :.272
6.00: .596
7.00 : 1. 11
8.00 : 1.80
9.00 : 2.70
10.00 : 3.84
13.00 9.39
16.00 : 20.7
20.00 : 56.7

A: 22.02 : 93.8
DELTA K B:

MAX C:

ROOT MEAN SQUARE 32. 48
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8

RATIO 0.8-1.25 2
SUIMMARY 1.25-2.0
(NP/NA) >2.0

* 7.8-56

............................. . .



CONDITION/HT: T851 ALUM.
FR:1. 50"TH PLATE YIELD STRENGTH: 57.2 KS! ALLOY

SPECIMEN TYPE: CCP ULT. STRENGTH: 71. 5 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 109- 0.111",
STRESS RATIO: *0. 02 SPECIMEN WIDTH: 3. 950- 3. 954"

* .. FREQUENCY: 1.00- 30.00 HZ REFERENCES: MA002 22

&K (MPA Vm/~) AK (MPA /mi)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. 10 EV NET
LAS AIR 1

10- 2 10-

10. 10 11

1 33  E
10o2  10-

10O 5 10- 5 z

107 10 3 E

11
-6 - ____________5

10 - 10

110

1 4 10  140100 1 4 10 40I 100

k:) ENVIRONMENT: 10o ENVIRONMENT: 100

10- - 1

10.1 100-

10- ~2 1o 2_
- 10' 10

-4 16
10_ 1

_______-10- 3 Eo

~~10

io-4

10 -0 10

10 -5 10-

10 4 10 40 100 1 4 10 40 100
AK (KSI in) AK (KSI inh

Figure 7.8.3.2
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TABLE 7.8.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.8.3.3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2124
CONDITION: T851
ENVIRONMENT: R.T. , L.H.A.

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

: R=+0. 10 R=+0. 50

A: 2.42 .0147
DELTA K B: 1.62 " .00552
MIN C:

D:

2.00 .0501
2.50 : .0198 .0925
3.00 :.0661 .111
3.50: .118 .173
4.00 .163 .295
5.00 : .26 .682
6.00 " 458 1. 16
7.00 : .776 1.78
8.00 • 1.25 2.72 I
9.00 1.89 4.29
10.00 • 2.69 7.07
13.00 6 6.60 34.6
16.00 : 15. 1 83.9
20.00 " 44.6
25.00 : 133.

A: 26.67 : 174.
DELTA K B: 16.28 : 86.4

MAX C:D: 1
ROOT MEAN SQUARE 27. 50 30. 69
PERCENT ERROR

-------------------------------------------------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0.8-1 25
SUMMARY 1.25-2.0
(NP/NA) >2. 07
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CONDITION/HT: T851 ALUM.
FORM: 2.00"TH PLATE YIELD STRENGTH: 55. 4 KSI ALLOY
SPECIMEN TYPE. CT ULT. STRENGTH: 72. 1 KSI

*ORIENTATION: L-T SPECIMEN THK: 0. 375- 1. 500"
FREQUENCY: 30L.00 SPECIMEN WIDTH: 2. 550' 12
ENVIRONMENT. R. T.,~ L. H. A. REFERENCES.UD005

AK (MPA V/w) AK (MPA -,/M)

4 10 40 100 104 10 40 100

STRESS RATIO -o-0. 10 STRESS RATIO =+0. 50

10.1 10-1

103
-2 -210 10;
cl I U

10 1 0 0
E

z 5~ 5______

7 10 40 iz~

10' 0

1 0- 5 1 0 5

77

10-6 10 1 6

-8 -16

4 10 4 -0 10 40 100
10 4001

STESRTOSTRESS RATIO =100

10- 10-1

io 3  0 o
-2 -210 10;

-4

- 10 - -

C in 10 E
z 5 5__ _- 0

10 10__ __ _ -84 04 0
10- 10-

11 1-6160

-8 L.L±..L~ -01

717

- - * . -0-- 6 -6

1 6 8 1- 1* 1 1 1 I I* d 1 1 1 1 1 1 0' F O , * * *- . * a . - ..

44* 10 40~p 100* 1 4 10 40 100~ .



TABLE 7.8.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.8.3.4 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2124

CONDITION: T851

DELTA K DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
" A B C D

E= R.T. E= R.T.
:DRY AIR SALT FOG

-A: 5.61 " 2.56
DELTA K B: 7.00 ' 6.99
MIN C:

D:

6.00 : 2.70
7.00 : 3.82 6.99
8.00 : 4.16 7.73
9.00 " 5.28 11.3
10.00 " 8.77 16.9

13.00 " 60.3 32.7

A: 13.38 • 67.7
DELTA K B: 13. 38 : 42.7

MAX C:

D:

ROOT MEAN SQUARE 13.83 6.22

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25

SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

ou 7.8-6o
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CONDITION/HT: T851 ALUM.
FORM: 4.5"TH PLATE YIELD STRENGTH: 57.3 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 64. 1 KSI
ORIENTATION S-L SPECIMEN THK: 1.469- r.491"

> STRESS RATIO: -.-0. 33 SPECIMEN WIDTH: 3. 8 00 224
FREQUENCY: 18.30 REFERENCES:88842

. AK (MPA v'A) AK (MPA VIm)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. 100 ENVIRONMENT: R. T.,
DRY AIR SALT FOG

102 0

_ __10 -1  - _10-1

• -"1 3  -_l 3 _-10 10.1

102 -2
".'.10 100 1 "

> 4 14
"10- 106  -

C10 3 1 ' E
E

"z5'" 5 - 1 5 _ = l.
70 .10 lo-

o - 4'a

. .; .. _ 1--10.8 LiJ W L .10
.6 - 10-

1" .- "4 10 40 10O0 1 4 10 40 10

ENVIRONMENT: 100 ENVIRONMENT: 100

5 5

1002 10

_ -6- 10- 6:1:: 2_10_2
- 10 -- 10.  --

1 41 0 2  -- 10.4 100

10' 1o__ _ _ - >

ENVIRONMENT:- 10
3  

-- ENIRNMNT 10
.3

.10 12

-_ _ __"_ _ __-- -o

10
1,-2 - 6 - 2

•,. 0
5 --

1-" 0-7 -__ _ _ _ _ _ _ _ _ _ - 107-
10.6 -- 106

I Oa- I .ILJILLL, LLJI - 10.8 JI .I j I, I A II -

,'a -._- 4 10 40 100 1 4 10 40 100

A'''"ZK (KSI V"T ) A K (KSI v"T )

m 4-

-Z.'" Figure 7.8.3.4

":. :-7.8-61
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TABLE 7.8.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.8.3.5 INDICATING EFFECT

OF STRESS RATIO
------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 2124
CONDITION: T851
ENVIRONMENT: R. T., S.T. W.

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+O. 10 R=+0. 30 R=+0. 50

A: 4. 36 .105
" DELTA K B: 3.34 .135

MIN C: 3.24 .199

3.50 .143 .267
4.00 .219 .427
5.00 .265 .646 1.07
6.00 .458 1.45 2.27
7.00 " 1. 16 2.63 3.64
8.00: 2.48 4. 17 5. 16
9.00 4. 15 6.08 7.02
10.00 : 6.04 8.37 9.52
13.00 " 12.6 17.9 27.1
16.00 • 22.2 33.5
20.00 " 50.4 119.
25.00 : 176.

A: 28. 12 : 436.
DELTA K B: 20.62 • 160.

MAX C: 14.78 • 90.4
D:

------------ -----------------------------------------------------------------------
ROOT MEAN SQUARE 25.63 14.28 14.02
PERCENT ERROR

------------------------------------- ----------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25
SUMMARY 1.25-2.0 1 2
(NP/NA) >2. 0 1

7.8-62



*CONDITION/HT: Te51 ALUM.
FORM: 5. 50"TH PLATE YIELD STRENGTH: 82.15 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 89. 4 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 744- 0. 750"
FREQUENCY: 1.00 SPECIMEN WIDTH: 5. 000" 2124
ENVIRONMENT: R. T..~ S. T. W. REFERENCES:G0003

AK (MPA Vrm) &K (MPA Vmh)
4 . 10 40 100 4 10 40 100

00 0~
STRESS RATIO -t-0. 10 STRESS RATIO '-0.30o

10' 101

1001 10'6

102 102
o 4

11E

E

z1 -4__ _ 10-4~

*~ 10

106 1 0

1 4 10 40 100 1 4 10 40 100

STRESS RATIO= -2L 50 10STRESS RATIO= 100

10106 2  10-'

1~1 - -2-__ _ __ _ _

102 10?

U 16

c1 10 3 v 10 3

E
Z .5

4 -410 10

*i -6 _ _ _ _ _ -166

10 1

' * 10 -1

66
10.6 10

*10-8
1 4 10 40 10014 100 10

6K (KSI Vm) AK (KSI /)
Figure 7.8.3.5
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TABLE 7.8.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.8.3.6 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2124
CONDITION: T851
ENVIRONMENT: R.T. ,H.H.A.

DELTA K DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
A B C D

R=+0. 07

A: 2. 71 .0317

. DELTA K B:
MIN C:

D:

300 .0952

A: 3. 12 : .0627
DELTA K B:

MAX C:
"'° D :"

ROOT MEAN SQUARE 38. 48
PERCENT ERROR

LIFE 0.0-0.5 1
PREDICTION 0. 5-0. 8 1

RATIO O.8-1.25 2

SUMMARY 1 25-2. 0
(NP/NA) D 2. 0

7.8-64
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CONDITION/HT: T851 ALUM.
FORM: 5.50"TH PLATE YIELD STRENGTH: 57.0 KSI ALLOY
SPECIMEN TYPE: CCP ULT STRENGTH:
ORIENTATION: T-L SPECIMEN THK . 500"
FREQUENCY: SPECIMEN WIDTH: .000' 2124

- ENVIRONMENT: R. T. o H. H. A. REFERENCES:BL002

&K (MPA N/_m) &K (MPA V/-)
4 10 40 100 4 10 40 100

I.. I I I'IlIlI 1I 1II'11 -

STRESS RATIO = 007 STRESS RATIO21o-2-2 _________ ________ _ -2 __ _______ ________

110. 10 -

, 10- . 10

10 
.  10 2

4 U 4

10-3 10 3

E
_Z10 .5  

_ 105 z
_ _ 104 -o 1 .

10 110

10- 10-
-6

10 1-

* 1 0 106

-68-

10 8  1. ,I. ,Ii., I I - 10-8 I II lt 1 I _____

1 4 10 40 100 4 10 40 100
@TRESS 1 AI11iloo @ - I ' II '' I '1 0_

STRESS RATIO STRESS RATIO= 10o
1O-2 -O2

10 ,- 10-

oF3 1 0-

010
.3  10-

-i" 1 O" lO2 -
" 10"  -10

4 4 1 
.

* - - ________10
.

____
o- 10 - 10°

,i 0-. ,- 3  E
Z- - 105 1

! ,10-8 Iz ,II ~ ,10 8 ,III I

11
lo ,

-6 -7. -6

10 1010

'a v ," -01 0 106

10- 8 10...L.±.W.
1 4 10 40 100 1 4 10 40 100

A .r K (K SI 7n) AK (KSI ./-in)

Figure 7.8.3.6
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TABLE 7.8.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.8.3.7 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2124
CONDITION: T851
ENVIRONMENT: R.T. *H.H.A.

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

.A B C D

R=+0. 10 R-+0. 25 R=+0. 50

A: 3.20 :.050
DELTA K B: 2.03 :.007

MIN C: 1.79 :.045
D:8a

2.00 :.0664
2.50 :.0341 .133
3.00 :.0986 .230
3.50 :.0646 .206 .365
4.00 :.105 .353 .553
5.00 :.287 .751 1. 17 '.
6.00 :.698 1.29 2.33
7.00 :1.43 1.99 4.49
8.00 : 2.48 2.95 8.47
9.00 : 3.73 4.27 15.7
10.00 : 5.16 6.15 28.8
13.03 : 12. 1 18.5
16.00 : 31.1 58.3

A: 16.24 : 33.8
VX DELTA K B: 17.43 :102.

MAX C: 12.09 :98.9
D:

ROOT MEAN SQUARE 35. 59 22. 28 17. 25
PERCENT ERROR

LIFE 0.0-0. 5 1
PREDICTION 0. 5-0. 8 1
RATIO 0.6B-1. 25 6 3 5
SUMMARY 1.25-2.0 5 4 3
(NP/NA) > 2 0 1 3

7.8-66
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CONDITIONIHT: TIB51 ALUM
FORM: 5. 50"TH PLATE YIELD STRENGTH: 63. 2- 67. 2 KSI ALO
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: T-L SPECIMEN THK: 0. 500"
FREQUENCY: 6.00- 33. 00 HZ SPECIMEN WIDTH: 4. 000- 6. 000" 212

* -ENVIRONMENT: R. T..* H. H. A. REFER ENCESBIL002

AK (MPA x/m) &K (MPA -/mh
4 10 40 100 4 10 40 100

loo
STRESS RATIO = +0.1 10 STRESS RATIO -#+0. 25

162_______ 
1-2 ________ _________

10- 10'

_10. 10'

.11 4 '0

UO - 10 -

-~l 10 i~
E

V 0 0 - 1 '

V 10. 10- c
7V

6 -6 OF_______

10 6

106 1 0.6

1 4 10 40 100 l4 10 40 100

STRESS RATIO= +0. 50 10STRESS RATIO= 100

1-2 -62

10 -010

.4 101 10-1

10 10- E,

z. -5

to 10

~~110

10- -10

16 110F7

1 06 10-6
1-8 r 16

1 4 10 40 1001 4 10 0 10
A K (K SI A AK (K SI vr 7n)

Figure 7.8.3.7
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' -TABLE 7.8.3.8

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.8.3.8 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2124
CONDITION: T851
ENVIRONMENT: R.T., H.H.A.

DELTA K DA/DN (10**-6 IN. /CYCLE)

1*., (KSI*IN**1/2)
. A B C D

R=+0. 10 R=+0. 50

A: 4.28 " .133
DELTA K B: 2.71 " .0917

MIN C:
• -" - D::

3.00 : .150
3.50: .302

-. 4.00 .527
5.00 .239 1.22
6.00 : .567 2.27
7.00 : 1.19 3.73
8.00 2.18 5.87
9.00 3.60 9.23
10.00 • 5.53 15.4

13.00 " 15.0
16.00 : 32.0
20.00 : 92.9

A: 23. 19 473.
DELTA K B: 12. 38 : 82. 1

% % MAX C:

.-.

ROOT MEAN SQUARE 17. 19 10. 35

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0 8
RATIO 0.8-1.25 1

SUMMARY 1.25-2.0 1
-V.,. (NP/NA) >2. 0

-.. --68
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CONDITION/HT: T851ALLUM.
* FORM: 5L50TH PLATE YIELD STRENGTH: 51.g KS! ALLOY

SPECIMEN TYPE. CT ULT. STRENGTH: 59. 0 KS!
ORIENTATION: T-L SPECIMEN THK 0. 750- 0. 751
FREQUENCY. 1. 00 SPECIMEN WIDTH: 5 009" 2124
ENVIRONMENT: R. T. *H. H. A. REFERENCES.30033

AK (MPA ~/)AK (MPA vs
4 10 40 100 4 10 40 100

STRESS RATIO= -oI 0-10 STRESS RATIO *0. 5g

*102 - 102

10 10.1

.3 _ _ _ _ _ _ _ _ _ _ _ _ -o
3

10 1001 -

10 2 100
4 >1

s 10- - 10

70 10 10 ev

10- -10

1106

-7 -7

16 10 0

1 4 10 40 100 1- 1 0 0

STRESS RATIO STRESS RATIO =100

10- 1
10.1 10.13

10 10-

42 -4
16 10 10l

S 10- 3 10- E
1 3 E

10 10 E

1 OF 5__ _ -0 50~

-6 -6

10~ 10'

10-8 1 h

1 4 10 40 100 1 4 10 40 100
AK (KSI ./m~) AK (KSI vrin

Figure 7.8.3.8
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TABLE 7.8.3.9

" FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.8.3.9 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2124
CONDITION: T851
ENVIRONMENT: R.T., S.T.W.

DELTA K " DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+0. 10 R=+0. 30 R=+0. 50

A: 4. 18 : .240
DELTA K B: 3. 55 : .214

MIN C: 2.71 • 157
D:

3. 00 : .184

3.50 : .278
4.00 : .312 .443
5.00 : .372 .595 1.08
6.00 : .687 1.39 2.32

7.00 : 1.66 2.98 4.41
8.00 : 3.47 4.94 7.62
9.00 : 5.55 7. 18 12.2
10.00 : 7.71 9.97 18.5
13.00 : 16.2 29.2
16.00 : 38.8

A: 19.20 " 140.
DELTA K B: 15. 42 • 75. 8

MAX C: 12.15: 80. 0
w,-., D :"

ROOT MEAN SQUARE 22. 48 12. 07 12. 52
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8

RATIO 0 8-1. 25

SUMMARY 1.25-2.0 2 2 2
(NP/NA) >2.0
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CONDITION/HT: T851 riZ
FORM: 5.50"TH PLATE YIELD STRENGTH: 51.9 KSI LO
SPECIMEN TYPE: CT ULT. STRENGTH: 89.9 KSI
ORIENTATION: T-L SPECIMEN THK: I. 748- 0. 752"
FREQUENCY: 1. 00 SPECIMEN WIDTH: 500 2124
ENVIRONMENT: R. T. *S. T. W. REFERENCES:10009

AK (MPA V~)AK (MPA Vm)
4 10 40 100 4 10 40 100

STRESS RATIO= -t0. 10 100 STRESS RATIO= ,.39
1-2 

1__ 
_ __ _ _2_ _

101 o

-21 10-

11

>. -4-4
ol - 10 -

1o 10 E

710- z0

100'

10-0

1- 10-66

10 1

1 4 10 40 1004 100 10

STRESS RATIO = ... L 50 100 STRESS RATIO= 100)

1-2 
1__ __ _ -i 

2

101 10.1

L)

-3io

z 5z
S16, - o- - -

66_ _ _ _ _ 166

100

10 _ _ __ _ _ __ _ _ -
167

10.6 10. 6

68 1-

1 4 10 40 100 1 4 10 40 100
AK (KSI V/7) AK (KSI vTinh

Figure 7.8.3.9
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TABLE 7.8.3.10

* FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.8.3.10 INDICATING EFFECT

V. OF STRESS RATIO

MATERIAL: ALUMINUM 2124

CONDITION: T851
ENVIRONMENT: R.T. ,S.T.W.

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+0. 10 R=+0. 30 R=+0. 50

A: 4.52 : 285
DELTA K B: 3. 72 :. 392

MIN C: 2.67 :.198

3.00 :.217
3.50: 336
4.00 :.480 .568
5.00 :.444 .949 1.35
6.00 :.962 1.76 2.60
7.00 : 1.81 3.07 4.48
8.00 : 3. 10 5. 10 7.21
9.00 : 4.96 8.10o 11.4
10.00 : 7.59 12.4 19.4
13.00 : 22.3 36.8 229.
16.00 : 55. 1
20.00 : 156.

A: 24. 53 : 443.
DELTA K B: 14. 61 :60. 5

MAX C: 13.21 :310.
D:

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ROOT MEAN SQUARE 14. 59 12. 20 20. 50

PERCENT ERROR -

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0 2 2 2
(NP/NA) >2.0
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CONDITION/HT: T851ALM
FORM: 5. 50"TH PLATE YIELD STRENGTH: 59.1 KSI [ j j

* SPECIMEN TYPE: CT ULT. STRENGTH: 63. 1 KSI
* ORIENTATION: S-L SPECIMEN THK: 0. 495- 0. 501

%: FEQUENCY: 1.00 HZ SPECIMEN WIDTH: 3. 990- 4. 000 ~ 2124
ENVIRONMENT: R. T. . S. T. W. REFER ENC ES:GD003

&K (MPA VmW) AK (MPA V~
4 10 40 100 4 10 40 100

-2STRESS RATIO +0.o. 10 STRESS RATIO -,-. 30
* 10 -162-

10-1 10-1

10-2 o 2

10 100-

-3 0 o 3 E
101 10'

z -6 -65________10o 10-
10.~ 10o

id_____ - 10z

q7 0  -6 6

10-0 10J..~ .LJ..Li...1

1. 1111 I I1I1'1'1

STRESS RATIO = +f0. 50 -STRESS RATIO lo10

1-2 
16_______ 2

1 00 - 1 0-

./ 10.1 10

i04 -1 1I 0

Z: 10 __3_ E 0o 10

10' 10 E0

1007 -4~~ o
V 10- c

6 -
10 _- 106

10' 5-5

10o 10-6

108 1....J.LLJ .. L±..LIA-i 8

1 4 10 40 100 1 4 10 40 100
A K (K SI 7n/) AK (KSI v/7Th

Figure 7.8.3.10
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TABLE 7.10.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10 .3 .1INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2219
CONDITION: T851
ENVIRONMENT. R.T ,LAB AIR

* .DELTA K DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)

A B C D

R=+0. 30 R=+0. 50

A: 4.29 .417
DELTA K B: 6- 14 2.02

MIN C:
D:

5.00 . 741
6.00 1.36
7.00 2.23 2.61
8.00 3.34 4. 10
9.00 4.76 6.05
1000 6.55 9. 15
13.00 15.2 368

* .1600 32.5

A: 19.30 71.4
DELTA K B: 15. 80 11

MAX C:

ROOT MEAN SQUARE 9. 32 21. 19
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8

RATIO 0.13-1.25
SUMMARY 1.25-2.0

* NP/NA) >2.0

7. 10-29



CONDITION/HT: T851 ALUM.
FORM: YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION: SPECIMEN THK: 0. 250"
FREQUENCY: 90.00 HZ SPECIMEN WIDTH: 2. 000" 2219
ENVIRONMENT: R. T..-LAB AIR REFERENCES:UD010

AK (MPA A~ AK (M PA v'-m)
4 10 40 100 4 10 40 100

1 1 ,11 1 1 1 1 1 111 -t1 1 1 111 1 1 1 111 0

STRESS RATIO -0.~ 30 loSTRESS RATIO -0. 50

102 10.1

10-1 10

2 -2
10 10;

1 0 1 0' - 0 -
E

z 5_ _ _ _ 5
10 lo - z 0

pr 
10

10 - 10

16 16 1

_ 5o

110

11 0 4 0 4 10 40 100
I I T TFFITFrFT r rI

STRESS RATIO =100 STRESS RATIO =100

12 162

10- l

100 10>1

10-2 -2
10;

>1 164)
9 10

s o 10-i 3 E
E

z 5 _ __ 5__ _ -1~

lo 10

10- 4 1

i0, 10'

10-7 10- i 7  1.

40 1004

AK (KSI vT'I) AK (KSI v\fIh

Figure 7.10. 3.1
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0 TABLE 7.10.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3. 2INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2219

*. CONDITION: T851
ENVIRONMENT: R.T. ,LAB AIR

-~ DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

* R=-1.00

A: 5.84 :.966
DELTA K B:
MIN C:

D:

6.00 1.06
7.00 1.71
8.00 2.44
9.00 . 3.23
10.00 4.09
13.00 : 7.45
16.00 . 13. 1 -

20.00 : 28.r

A: 20.70 : 32.9
* DELTA KB:

MAX C:
D:

ROOT MEAN SQUARE 7. 13
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.86

*RATIO 0.8-1.25
- * SUMMARY 1.25-2.0

* . (NP/NA) >2. 0

*7.103



CONDITION/HT: T851ALM
FORM: YIELD STRENGTH:ALO
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: SPECIMEN THK. 0. 250"
FREQUENCY: 5. 00 HZ SPECIMEN WIDTH: 3. 000"21

-ENVIRONMENT: R. T. *LAB AIR REFERENCESUD-1001

AK (MPA &/i K (MPA x~
4 10 40 100 4 10 40 100

STRESS RATIO= -1. 00 STRESS RATIO

102 -162

10-1101

10o3  10-
10"2 10-2

ulO1 - 0-
3E

s 10 
0

10u

16, 166
5510- 10~

100 40 1010__ _ __ _ _ _ _ _ _ _ _

STRESS RATIO 10 STRESS RATIO lo10
V... -~12 _ _ _ _ _ _ _ _ -12

10 10110

uu

c 10 -3 3 E10 E

~10 10

166 166~10
100 10'

10~ - 10-6 1106

0,8F L......LijJ I 1i.LLLL1i 108 r JJJ I iiiW 11 11

1 4 10 40 100 1 4 10 40 100
A K (KS I vriTh AK (KSI vr/T)
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TABLE 7.10.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.3 INDICATING EFFECT

OF ENVIRONMENT

----------------------- -------l-UM- --------- --2-9 -------------------------------------------

CONDITION: T851
------------------------------------------------------------------------------------

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E=R. T.
:LAB AIR

-. A: 2.93 :.02
DELTAKDB: 1

MIN C:

D .0: 06

3.00 :.0239
4.0 .0649
5.00: .149
5.00 .097
7.00 1 .03
7.00 2.3
9.00 3.5.1
10.00 5. 103
13.00 : 7.33

16.00 : 38.9

A: 19.20 : 73.3
DELTA K B:

MAX C:

-------------------------------------------------------------------------------------

ROOT MEAN SQUARE 13.25
PERCENT ERROR

LIFE---0-- - 0.- - - - - - - - -- - - - - - - - - -- - - - - - - - - -

PREDICTION 0. 5-0. 8
*RATIO 0. 8-1. 25 3
*SUMMARY 1.25-2.0

(NP/NA) >2.0
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CONDITION/HT: T5
- -. FORM: YIELD STRENGTH.:LO

* SPECIMEN TYPE. CT ULT. STRENGTH:
* ORIENTATION- SPECIMEN THK: 0. 250"

STRESS RATIO: -t-0. 10 SPECIMEN WIDTH: 2. 000"21
FREQUENCY: 5. 00 HZ REFERENCES:U0010 21

AK (%IPA N/ m) A K (MP A -\,/-M
4 10 40 100 4 10 40 100

ENVIRONMENT: R.I. 100 \. ENVIRONMEN4T:
LAB AIR

10 101

10'10.

100 21
~ ~-2 10

4.

10U 1010 E

z 
E

5E
10o 1o5

16 06 60

10 10 10

10- -10

10-8 0

'ZV~~~~ ENIOMETE

-- 10 ENIONET 1o

0 V-

100

- 110

16 16 o

.. L . ± LUcL L L L L J 0 W . L L J 30 '0 -



TABLE 7.10.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.4 INDICATING EFFECT

OF FREQUENCY

MATERIAL: ALUMINUM 2219
CONDITION: T831
ENVIRONMENT: R.T. .LAB AIR 4

DELTA K .DA/DN (10**-6 IN. /CYCLE) I!

(KSI*IN**1/2)
*A B C D

*F(HZ)= 0.10 F(HZ)= 5.00

A: 5.00 : 2.04
* DELTA K B: 2.45:11

MIN C:

2.50: .122
3.00 :.245
3.50: .429
4.00: .762
5.00 :3.08
6.00 : 7.93
7.00 : 50.4

A: 7.01 : 51.9
DELTA KD: 5.01 :3.13

MAX C:

ROOT MEAN SQUARE 22.21 11.84
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0.5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0
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CONDITION/HT: T851 ALUM.
FORM: YIELD STRENGTH: ALLOY

""  SPECIMEN TYPE: CT ULT. STRENGTH.
- ORIENTATION: SPECIMEN THK: 0. 250"

STRESS RATIO: 0. 80 SPECIMEN WIDTH: 2. 000" 2219
ENVIRONMENT: R.T.. LAB AIR REFERENCES:UOrO10

AK (MPA \/m) AK (MPA V/m)
4 10 40 100 4 10 40 100

FREQUENCY (Hz) 0.10 FREQUENCY (Hz) 5.00
"1 2 l 10

.
2 4

10 0 10

1 
3  

-0
3  

-

0 10.1

-2-2
102 10

0 1 .  10 . 0 3 E
4.. -30

4 - o

z 10 15. z
70 lo100

10.  10-
5510- 0

10
7  010.7

11 1681 1061

1 4 10 40 100 1 4 10 40 100

FREQUENCY (Hz) 10 FREQUENCY (Hz) = 100
.,,-_ -_

10110

1063 - 10

10.2 10.

4I 4

10 1_ _ -3_ _ E 0->
10~ E

---o - _ i0-

'D o 10 __

". -- -- -

10 - 10-
, .. i03  1 -

1001

%.6- - 6

.. 1106 10

10 4 10 40 100 1 4 10 40 100

AK (K SI -in/) K (KSI V )
Figure 7.10.3.4
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"' TABLE 7.10.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.5INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2219
CONDITION: T851
ENVIRONMENT: R.T. -LAB AIR

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

" A B C D

R=-1. 00 R=-0. 30 R=-0. 10 R=+0. 00

A: 6.61 : 2.98
DELTA K B: 6.34 • 1.80

MIN C: 6.17 " 1.23
D: 6.25 .791

7.00 " 2.86 2.37 2.07 1.25
8.00 " 3.30 3.50 3.36 2.05
9.00 : 4.81 4.99 4.94 3.08
10.00 6.81 6.88 6.79 4.33
13.00 - 17.7 15.2 13.9 9.59
16.00 " 27.6 24.0 17.6
20.00 52.5 44.9 34.6 i:j,
25. 00 " 107. 93. 6
30.00 214. 193.
35.00" 428. 401.
40.00 865. 837.
50.00 " 3618. 3707.
60.00 " 16519.

A: 14.09 2 21.3
DELTA K B: 59.68 " 14767.

MAX C: 63.72 : 28766.
D: 23.46 : 58.2

ROOT MEAN SQUARE 16.45 38.38 20.98 4.31
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0 8

, RATIO 0.8-1.25 1 2 3 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0 1

7.10-36
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CONDITION/HT: T851 liif
FORM: 0. 25"TH PLATE YIELD STRENGTH: 46.0 KSIALO
SPECIMEN TYPE: CCP ULT. STRENGTH: 62. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 250"
FREQUENCY: 6. 00 HZ SPECIMEN WIDTH: 6S. 000"21
ENVIRONMENT: R. 1..*LAB AIR REFERENCES:R 1003 21

AK (MPA Vm &K (MPA VrmT
4 10 40 100 4 10 40 100

0F I 1' 11 11 1 1 I I II
STRESS RATIO = -1. 00 -STRESS RATIO:0.3

- 10-1 10.1

10.22 _
10.2 10

16 U

010 3 100-3

10 10 E

~~1 1010o

-7 -7

1007 6__ _ _ _ _ -1

10.8- 1~-6 ~ ~10

1 4 10 40 100 1 4 10 40 100
'I~~~ IIIii'' I I i l

STRESS RATIO:-1 100 STES RAIO -'0.0 100

1-2 
-62

10 - 010
10.1 10-1

10- 10-

1-4

10-310

E

S10- 5 10 ~ J/

46 -6 'D

10l - 0 10

i 5  io 5

-7 .7

10 1
1 16 06 11

1 4 10 40 1001 4 10 0 0
AK (KSI V~in AK (KSI V 'in)

% ~Figure 7.10.-;.5
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TABLE 7.10.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.6INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2219
CONDITION: T851
ENVIRONMENT:- R.T. LAB AIR

DELTA K DA/DN (10**-6 IN./CYCLE)
(KSI*IN**1/2)

A B C D

R=+0. 01 R=+0. 20 R=-..30 R=+0. 70

A: 15.91 24.3

DELTA K B: 14. 07 25. 9

MIN C: 3.99 .332

D: 4.65 .977

4.00 .334

5.00 .698 1.39

6.00 1.33 2.59

7.00 2.32 3.94

8.00 3.73 6.02

9.00 5.56 10.1

10.00 :7.86 17.8
13. 00 18.2 60.1

1600 24.7 42.1 35.5 144.

20.00 . 48.2 90.9 76.3 1174.

25.00 95.0 196. 179.
30.00 185. 392. 392.

35.00 344. 771. 824.

40.00 614. 1523.
50.00 1798.

A: 50.835 1949.

DELTA K B: 44. 27 2745.

MAX C: 35.53 890.

D: 20.24 :1827.

-----------------------------------------------------------------------

ROOT MEAN SQUARE 9. 45 9.18 16. 06 24.37

PERCENT ERROR
------------------------------------------------------------------------------------

LIFE 0. 0-0. 5
PREDICT ION 0. 5-0. 6

RATIO 0.8-1.25 3 1 3 2

SUMMARY 1.25-2 0
(NP/NA) >20
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CONDITION/HT: T851 ALUM.
FORM: 0.25"TH PLATE YIELD STRENGTH: 46. 0 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 62. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 250"
FREQUENCY: 6. 00 HZ SPECIMEN WIDTH: 5. 000" 2219
ENVIRONMENT: R.T.. LAB AIR REFERENCES:RI1003

''4

"K (MPA . 100 ) K (MPA V/1m)
4 10 40 100 4 10 40 100

" STRESS RATIO *0. 01 10 STRESS RATIO= +0. 20
lO.-2 __ _ _ _ _ _ _ _ _ _ _ -21 __

*102 102

10 -1 10-

1 _ 1 0 2  1 F 1 0 2

1 0 . 4

10 10 3 E

E

0 10 -5 5  - Z
_. - 0

4  _ 10
4  :

-6-6,__ _ __ _ __ _ _ __ _ __ _ __ "10 - - 10

5 10
10 1

-6 1_ 6

10 10

108-.I"1.1 1 10.8  1 1 Id ,Il I I I ,lil1"t

4 10 40 100 4 10 40 100
•0T -. 010 0

STRESS RATIO= -9-. 30 STRESS RATIO -#-0. 70

1-2 _ _ _ _ _ _ _ _ _ _ _ _ -10-2

1 2101 101

1 -3  173

10-2 10-2

u U

10 101
C 10 E

:_ __-_--10.: _ _ _ _ lO3

-- .O _10 105
* 4

-- 10- !0
10 -111

i-1-6 - __ _ __ _ - 10 - -

10-5
- I-10

10-7 - 10-7-

1 01r6 10- 
6

, . _ 1 8 I 1, I , i, l t I I I l l t, 1 0 8 , F , I l , I I l
- I4 10 40 10O0 1 4 10 40 100

AK (KSI v'i) AK (KSI ,'iTn)
Figure 7.10.3.6
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TABLE 7.10.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.7 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2219

CONDITION: T851

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R. T.
LAB AIR

*A: 14.80 : 15. 1
DELTA K B:

MIN C:

16.00 : 20.5
20.00 : 44.5

* 25.00 : 89.9
* .30.00 : 163.
* 35. 00 : 287.

40. 00 505.
50. 00 . 1622.

A 52. 25 : 2126.
DELTA K B:

MAX C
D

-----------------------------------------------------------------------------------

ROOT MEAN SQUARE 10. 58
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0

(NP/NA) '2. 0
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CONDITION/HT: T851ALM
* .. FORM: 0. 25"TH PLATE YIELD STRENGTH: 46.0 KSIALO

SPECIMEN TYPE: CCP ULT. STRENGTH: 62. 0 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 250'

-STRESS RATIO: -'0 1SPECIMEN WIDTH: 6. 000"21
FREQUENCY: 3. 00 HZ REFERENCES:R 1003 21

&K (MPA Vm) &K (MPA V 10
4 10 40 100 4 10 40 10

® ENVIRONMENT: R. 4. =100 ENVI O8NMENT:
LAB AIR

100- o1 1

1 - 1 ,

10 -_i2 
10 2

-4 -4

10 101

-z p-5 5 0~

iO 10-

10' 010

0-5 10- 10-3

10-8 68 1 11111111 0 E- - J L .L -1 1 ± H11
1 4 10 4 100 1 4 10 40 100

I I'I I ' I I I I I 114
ENVIRONMENT:.0 ENVIRONMENT 0

1001 10

3) 10' 102
u u

100 10 10E

z1 E

70 10 100

100 1010

16 6



-3-3. Q in. .

*TABLE 7.10.3.8

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

*.DATA ASSOCIATED WITH FIGURE 7.1 .3 .8 1NDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2219

CONDITION: T851
ENVIRONMENT: R.T. ,LAB AIR

DELTA K :DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=-0. 10 R=+0. 05 R=+0. 10

A: 25.44 : 90.5
DELTA K B: 6.9 :i 3* 55

MIN C: 16.46 :18.8

9.00 .3.67

10.00 :5.14
13.00 :11.5
16.00 :22.1
20.00 :48.3 44.9
25.00 :120. 91.0
30. 00 : 230. 185.

A: 33. 66 : 620.
DELTA K B: 30. 18 :194.

-. MAX C: 28.06 :212.
D:

- -----------------------------------------------------------

ROOT MEAN SQUARE 23.46 21.47 27.02
PERCENT ERROR

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --4- - - - - - -

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8 1
RATIO 0.9-1.25 1
SUMMARY 1.25-2.0 1
(NP/NA) >2. 0
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CONDITION/HT: T851 ALUM.
FORM: IL 83"TH PLATE YIELD STRENGTH: 54. 7 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 66. 9 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 250'
FREQUENCY: 1. 00- 20. 00 HZ SPECIMEN WIDTH: 2. 500" 21
ENVIRONMENT: R. T. *LAB AIR REFERENCES:8458 21

AK (MPA Vm) AK (MPA -%/Mf)
4 10 40 100 4 10 40 100

1 1 1 1 10 i l _ lsf l

STRESS RATIO -0. 10 100 STRESS RATIO -0. 05
-62 _________ 2 _______

10- 1010

10' 10"

10.2 110**
c -3

C10 10- E
1075 

E

~1' 4  U'4

107 10 10

1~~~~ ~~ 4o04 5118 4 10 4 0

-SRS 10AIO -+o 010 @ TESRAI 0

106 10-

-64 -8
10 ~ ~ ..L~~i..LJ±.L, -~10 L..i±I....L.Ld

10 3 10

o7 0

a.. ' c _ _ _ _ 1 0 6

1Uo5  10o

-G7

10-6 10-6

1 4 1004 100 1 4 10 40 100

&K (KSI N/7n) &K (KSI V/Tn)
Figure 7.10-3.8
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TABLE 7.10-3.9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
N" OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.9 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2219
CONDITION: T851
ENVIRONMENT: R.T. ,LAB AIR

---------------------------------------------------------------------------------

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

* R=-1.00 R=+O.04 R=+0.05 R=O. 030

A: 7.34 : 1.68
DELTA K B: 7.42: .41
MIN C: 8.55 : .79

D:

8.00 : 2.50 1.01
9.00 : 4.04 2.57 1.18
10.00 : 5.92 4.24 2.46
13.00 : 13.6 9.40
16.00 " 25.2 19.1
20.00 52.3 33.9
25.00 : 57.6
30.00 95.9

A: 24.44 : 116.
DELTA K B: 11.28 : 7.87

MAX C: 33.48 : 140.
,. D::

-------------------------------------------------------------------------------
ROOT MEAN SQUARE 16. 15 12. 09 29. 69 0. 00
PERCENT ERROR

-------------------------------------------------------------------------------
LIFE 0.0-0.5

PREDICTION 0.5-0.8 1 1 1
RATIO 0.8-1.25 1
SUMMARY 1.25-2. 0
(NP/NA) >2. 0

7.10-44
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CONDITION/HT: TA51
FORM: 0.63"TH PLATE YIELD STRENGTH: 54. 7 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 66. 9 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 250- 0. 251"

• FREQUENCY: 1. 00- 20. 00 HZ SPECIMEN WIDTH: 6. 005- . 070" 2219
ENVIRONMENT: R.T., LAB AIR REFERENCES:98488

AK (MPA -/m) AK (MPA ,'m)
4 10 40 100 4 10 40 100I: I E - - 1 1 T 1 - 1 , , , , , , 1 9 1 1 1'1, '1 1 1 '1

G -- STRESS RATIO= -1.00 l STRESS RATIO =0.04

10. 102

1-0.1 110.

1 ,2 1010s
"l 1l-o__10

. 4 
__

zu100 10 6

3~ 3o E

10' zl 100-0"
-0 _loo-_ _ _ __o-

% 1 o0 1o 1 10F0

--- dSTRESS RAI #0 5lo @ STRESS RATIO = l 0oo

-". ' - 10 "1  10 -1

,U - -6_ _ _ _ _ _ _

- 1 1 10"210

-.- -10

*6 -8--1W J J W."- 10 _1 .L .±i ..... 101"4 10-40Z

1010 "  
10-

1 S S T010 .6  S SRT 0. 1006
.- 2.. 1 4__ _ _ _ 10 40_ __ 10 14 1 4 0

1u10.5 10. 9

1010

&K (KIVM) K(S

7.0-4

,.o __ _ 1
*, , - = . . . p• • , i " ..- - -.- = . " . .. "-3 - - -3-. -. -.. ".K..

3 E'. . .1, U If,',-,w,'.' ',, ,',- % ,_, .,,. % . , . . . .,. . .- . _ . . , . .. . .,. . . . . ... ..E . .



-. TABLE 7.10. 3. 10

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.loNDICATIN0 EFFECT

.4 OF STRESS RATIO
-------------------------------------------------------------------------------------

S MATERIAL: ALUMINUM 2219
S CONDITION: T851

ENVIRONMENT: R.T. DLAB AIR

DELTA K :DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

.A B C D

R=+0. 05

A: 9.79 : 3.55
S DELTA K B:

MIN c:

10.00 : 3.58
13.00 : 13.2

A: 15.96 : 77.1
\ DELTA K B:

MAX C:
D:

--. - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - -

.\ ROOT MEAN SQUARE 43. 42
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8 1

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

7.1.4
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CONDITION/HT: T851 ALUM.
FORM: 0. 83"TH PLATE YIELD STRENGTH: 54. 7 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 66. 9 KSI

'' ORIENTATION: L-T SPECIMEN THK: 0. 500"
- FREQUENCY: 1. 00- 20. 00 HZ SPECIMEN WIDTH: 2. 500" 221

ENVIRONMENT: R.T. o LAB AIR REFERENCES:88468

AK (MPA V/Wm) &K (MPA V/iW)
4 10 40 100 4 10 40 100

STRSSRATO 7 = 100°
STRESS RATIO -0. 05 STRESS RATIO

10 10
10- 10-1

U 10 2 10

S l 10- 10 E

z 100 E

10,6 106
__--10-5 

10 z

1010-6

107 108

1 4 10 40 100 4 10 40 100

STRESS RATIO= 10 STRESS RATIO= 10o

1-2 -O2
10 10-1

o1013  Z 1"3

-2 1O
10.2102

.* _ __ _10"3___ _ 10 . 103-
U

10 10u E

10Z 5 10 z
0- 10

-C 7 -7
10-.._ _ _ _ _ ____ _ _

. 1

10-6  10-6

1 4 10 40 100 1 4 10 40 100
AK (KSI vin) &K (KSI vJTn

Figure 7.10.3.10
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TABLE 7.10.3.11

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

.', OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE7.10.3.11INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2219
CONDITION: T851
ENVIRONMENT: R.T. oLAB AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

: R=+0. 40 R-+0. 50 R=+O. 60 R=+0. 70

A: 13.87 : 28.6
DELTA K B: 8.00 : 4.62

MIN C: 7.23 4.35
• D: 6.44 :3.55

~7. 0: 3. 79

8.00 : 4.62 6.09 6.31
9.00 : 6.15 8.72 11.6
10.00 : 10.1 12.2
13.00 : 36.9

A: 15.45 : 44.3
DELTA K B: 10.28 : 10.6

MAX C: 14.98 : 91.8
D: 9.77 : 16.7

ROOT MEAN SQUARE 17. 15 10. 21 24. 18 13. 13
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION O. 5-0. 8
RATIO 0.8-1.25 1 1 1
SUMMARY 1. 25-2. 0
(NP/NA) >2.0
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CONDITION/HT: T851 YILDSTENT:U4.7 SFORM: 0. 63'TH PLATE YIEME YP:C LD. STRENGTH: 54. 7 KSIALO
ORIENTATION: L-T SPECIMEN THK: 0. 250- 0. 251"

FREQUENCY: 1. 00- 20. 00 HZ SPECIMEN WIDTH: 8. 005- 6. 070'
ENVIRONMENT: R. T. *LAB AIR REFERENCES:88458 2219

%N K (MPA ~/)AK (MPA N/-M)
4 10 40 100 4 10 40 100

STRESS RATIO +0. 40 100 STRESS RATIO -40. 50

10.1 10-1

10 10210

4 
z ~_ _ _ _ _ _ _ _

10-3 0 10E

N IU E

-i 104 U

10 105

1076 10-6

16

1 4 10 40 1004 10 0 10

STRESS RATIO= +0-.6So 100 STRESS RATIO~ .0.70 -- 100

162 
1_______ 

_______ 
62 7

10-1 10.1

-2 
2

010 10

103 3 E
z E

1071:- 105

1066 16
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TABLE 7.10.3.12 4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.1O.3.12INDICATING EFFECT

-~ OF STRESS RATIO

MATERIAL: ALUMINUM 2219
CONDITION: T851
ENVIRONMENT: R.T. -LAB AIR

DELTA K :DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B CD

R--0.50 R-+0. 00

A: 5.96 :1.53
DELTA A B: 5.21 :.360

MIN C:

8.00 : 1.59 1.22
7.00 : 3.09e 2.67
8.00 : 4.48 4.19
9.00 : 5.71 6.02
10.00 : 6.89 8.25
13.00 : 12.6 17.5
16.00 :30.8
20.00 :54.8

A: 15. 70 : 28. 1
DELTA K B: 20.85 :60.8

MAX C:

4ROOT MEAN SQUARE 19. 95 9.8
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.9 1
RATIO 0.8-1.25 3 6

* SUMMARY 1. 25-2. 0
(NP/NA) >2.0
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CONDITION/HT: T851 ALUM.
FORM: 1. 38"TH PLATE YIELD STRENGTH: 50. 6 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 86. 4 KSI

~ORIENTATION: L-T SPECIMEN THK: 0. 748- 0. 752"
SFREQUENCY: 5. 20 HZ SPECIMEN WIDTH: 2. 997- 3. 003" 21
ENVIRONMENT: R. T. *LAB AIR REFERENCES:85213 21

AK (MPA ViW) AK (MPA -%/Mi)
. -. 4 10 40 100 4 10 40 100

100II' 'I''
STRESS RATIO =-0. 50 STRESS RATIO =+.00

162 162

10-1

1 icr216

ol0- 10 - 3
E

1Z -o z0

(4 4.
107 10- C

166-16
11 1

1 TESRFIO 101 TE0RF7= 0

10 U

1 4 100 40 100 1 0 0

10 iO
10-2 1102

10 10 E

c~o 10 -3 10-3

01665 1665

10 45

100 - m

106 
16

1 4 10 40 100 1 4 10 40 100
AK (KS v'T~hFigure 7.10.3.12 K(tv')
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TABLE 7.10.3.13~

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7 .1 0 . 3 .1 3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2219
CONDITION: T851
ENVIRONMENT: R.T. L.H.A.

DELTA K .DA/DN (10**-8 IN. /CYCLE)
(KSI*IN*..1/2)

- ~.A B C D

* . . R=+0. 08 R-+0. 30

A: 3.83 :.232
DELTA K B: 4.70 : 673

MIN C:

4.00 :.243
5.00 :.407 .907
6.00 :.779 1.84
7.00 :1.40 3.11
9.00 : 2.25 5. 19
9.00 : 3.36 9.20
10.00: 4.77
13.00 : 11.2
18.00 : 22.6

A: 16.51 : 25.2
DELTA K B: 9. 78 :15. 2

MAX C:

ROOT MEAN SQUARE 9.44 7. 15
PERCENT ERROR

-- - - - - - - - - - - - - - - - - --.- - - - - - - - - - - - - - - - - - -

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8

RATIO 0.8-1.25 1 1
SUMMARY 1. 25-2. 0
(NP/NA) >2.0

4e,

7.10-5
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CONDITION/HT: T1951 ALUM.
FORM: 1. 75'TH PLATE YIELD STRENGTH: 4e. 0- 49.56 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 65. 9- 66. 2 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 993- 1. 000"
FREQUENCY: 5. 00 HZ SPECIMEN WIDTH: 6. 010- 7. 400" 21
ENVIRONMENT: R. T.. L. H. A. REFERENCES:85837 21

&K (MP A -/v*) AK (MPA N/im)

-. 4 10 40 100 4 10 40 100

12STRESS RATIO * 0.083 102 STRESS RATIO= +030

-10, 10

101 101

10 10
-- 3

C10 10-
E

'a 10 10- z

-~ 10o" 10-

-6OF 67

10 - 10

11

4 10 40 100_______ 4 10 40 100

STRESS RATIO 100SRSRTO 100

1-2 
16_______ 2

10- 100

10' 10o"

4 42

S16 1

103  
1 0

3 E

o10 -10

-7 -7
10 - 10-

10-6 1 6

Figure 7.10.3.1.3
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TABLE 7.10.3.14

FATIGUE CRACK GROWTH RATES Ar DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7*'0.3 .14 NDICATING EFFECT

-- OF STRESS RATIO

*. MATERIAL: ALUMINUM 2219
CONDITION: Te5i
ENVIRONMENT: R.T. -LAB AIR

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

.A B C D

R=+0. 08

A: 6.98 :1.33
DELTA K B:
MIN C:

D:

7.00 :1.35
8.00 : 2.41
9.00 : 3.86
10.00 : 5.74
13.00 : 14.6

A: 15.01 : 24.3
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 6. 99
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICT ION 0. 5-0.8a
RATIO 0.8-1.25 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0
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CONDITION/HT: T851
FORM: 1. 75"TH PLATE YIELD STRENGTH: 50.0 KSIIAL I
SPECIMEN TYPE: CT ULT. STRENGTH: 68. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 995"
FREQUENCY: 8. 00 HZ SPECIMEN WIDTH: 2. 000" 21
ENVIRONMENT: R. T. *LAB AIR REFERENCES2B5837 21

AK (MPA %/,I) &K (MPA v/i)
4 10 40 100 4 10 40 100

STRESS RATIO -0. 08 10STRESS RATIO=

10F, 10F
-2

10m 10

13 o3 E o
* .- ~-10, 102

C E

Z 5 _ _ _- 0
~10- 16

(V 4 1 --4

66 - 1 o5  1661

___1075_ 5 7 _ _ _ _ __ _ _ _ _100

1 10,

1 4 10 40 100164 10 0 10

STRESS RATIO 10= STRESS RATIO= 100)

- 10-1 10-1

10 1010 10-2-

10~ E
Z -5 17
10o- 10 10

V 10 1074

166 
1______ 66

110

1 10

107 -A

1 4 10 40 100 1 4 10 40 100
AK (KSI Figure 7.10.3.14 AKKS ')
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TABLE 7.10.3.15

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.15INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2219

* CONDITION: T851
ENVIRONMENT: R.T. .S.T.W.

DELTA K :DA/DN (10**-6 IN. /CYCLE)
* (KSI*IN**1/2)

A B C D

R=+0. 30 R=+0. 50

*A: 5.54 :.953
*DELTA K B: 4.87 :.479
*MIN C:

D:

* .*5.00 B .09
6.00 :1.33 2.09
7.00 : 2.46 3.88
8.00 : 4.04 6.06
9.00 : 6.10 8.62
10.00 : 8.68 11.6
13.00 : 19.7 25.1
16.00 : 35.7 53.6
20.00 : 65.6

A: 21.28e 77.3
DELTA K B: 16. 41 :59. 7

MAX C:

ROOT MEAN SQUARE 5. 63 17. 56
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.8B

RATIO 0.8-1.251
SUMMARY 1.25-2.0 1
(NP/NA) >2.0
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CONDITION/HT: T851 ALUM.
FORM: 1. 75"TH PLATE YIELD STRENGTH: 50.0 KSI IALLOYI
SPECIMEN TYPE: CT ULT. STRENGTH: 65. 0 KSI
ORIENTATION: L- SPECIMEN THK: 0. 990- 1. 000"
FREQUENCY: 1.00 HZ SPECIMEN WIDTH: 8. 000- 8. 010" 21
ENVIRONMENT: R. T..* S. T. W. REFERENCES99579 21

AK (MPA Vm AK (MPA V/T)
4 10 40 100 4 10 40 100

STRESS RATIO -o-0.0 j9 0 STRESS RATIO *0. 50

101 10.11

2 1-2 _

1021

ci0-10 U-

3 3 E
1 E

-" 0 106

101

107,- 107

10 .6 10-

08 1~j -8il
1 4 10 40 1001 4 10 0 10

STRESS RATIO = 0STRESS RATIO=10

-62 ld_______ 2

10- - 10

10' 1013

1 ~ -10- 1o 02-

10 1--3 E~
10 10E

.0 1o, 1- 10z

104

io 4 -

10-6 107

1 4 10 4-001 4 10 4 0

AK (KSI /t) &K (KSI vl'Th
Figure 7.10.3.15
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TABLE 7.10.3.16

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.1aINDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2219
CONDITION: T851

------------------------------------------------------------------------------------

DELTA K . DA/DN (10**-6 IN./CYCLE)
(KSI*IN**1/2)

A B C D

ER.T.
L. H. A.

A: 6.84 .622
DELTA K B:
MIN C:

D:

7.00 .708
8.00 : 1.40
9.00 " 2.34
10.00 : 3.52
13.00 : 8.20
16.00 : 14.5
20.00 : 26.5
25.00 : 51.9
30.00 : 100.
35.00 : 197.

40. 00 : 393.

A: 48.41 : 1306.
DELTA K B:

MAX C:
D:

-------------------------------------- ----------------------------------------------

ROOT MEAN SQUARE 11.38
PERCENT ERROR

------------------------------------------------------------------------------------
LIFE 0.0-0.5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 2
SUMMARY 1. 25-2. 0
(NP/NA) >2.0
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CONDITION/HT: T851 FAiLT
FORM: 1. 75'TH PLATE YIELD STRENGTH: 50.0 KSI ALY

*SPECIMEN TYPE: CT ULT. STRENGTH: 86.0 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 250- 0. 500"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 5. 990- S. 000" 21
FREQUENCY: 8.00 HZ REFERENCES88579 21

&K (MPA V'/-) AK (MPA V/m)
-:4 10 40 100 4 10 40 100

JVIR NMENT: R. l 10 ENVI O8NME~sT:

1- 162

10' 10.

1 -io 02 1-2;

10 10

10-31, E
E

10 5 ____5 z

16 1166

10 1010

O 10Fir
1 o76  1 6

ENVIRONMENT: 10o ENVIRONMENT: 100

10~1- 10-1__________-1

T10 10.1

4 4

'~- 10' 103 E

z 1E7

~166 16

00

-6 1-6
105

107- 107

1 4 10 40 100 1 4 10 40 100
AK (KSI %/in AK (KSI VIM)

Figure 7.10.3.16
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TABLE 7.10.3.17

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7 .1 0 .3 . 7INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2219

CONDITION: T851

DELTA K .DA/DN (10g*-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

* E-e 265F
L. H. A.

A: 6.74 2.06
DELTA K B:

.: . MIN C:
D:

7.00 : 2.39
8.00 : 3.94
9.00 : 5.8
10.00 : 8.22
13.00 . 17.7
16.00 : 31.4
20.00 : 59.4
25.00 : 120.

A: 27. 51 : 167.
.~ ~ DELTA KB:

MAX C:

ROOT MEAN SQUARE 6. 40
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0
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CONDITION/HT: T851 ALUM.
FORM: 1. 75"TH PLATE YIELD STRENGTH: 50. 0 KSI ALLOY

SPECIMEN TYPE: CT ULT. STRENGTH: 8. 0 KSI
-. ORIENTATION- L-T SPECIMEN THK: 0. 990"
" STRESS RATIO: -0. 08 SPECIMEN WIDTH: 8. 000" 2219

FREQUENCY: 5.00 HZ REFERENCES:68579

AK (MPA vrm) AK (MPA V/ )
4 10 40 100 4 10 40 100

.ENVIOJJMENT: 21100 %5 ENVIRONMENT:

1 _-_ _O-2_lO2 162
10 - 10"  10 "

10.1 10.1

10F3  
-ioF

3

102 
10-2

4 -" _-4
U

1 0  10
3 -3

10 .
7 10 - 5

10610
.

EI N10 1 10 o

10OF O" 0

1 7 101 1

1061 -6

16 1 1o 1o I II h1 I IIIh l

1 4 10 40 100 4 10 40 100

© : ENVIRONMENT: 100 @ ENVIRONMENT: 100

10' 10-1

10. 10-2

. 10-

-65-
010 10

.55

10, 10

16 oF71

10076

1 4 10 40 100 1 4 10 40 100
%AK (KSI in) Figure 7.10.3.17 AK (KSI VTMn
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TABLE 7.10.3.18

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7 . 1 0 . 3 .1 8 INDICATING EFFECT

OF ENVIRONMENT

-. MATERIAL: ALUMINUM 2219
- CONDITION: T851

* DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

.A B C D

E= R.T. E- R.T. E=+. 15OF
:L. H.A. S. T. W. S. T. W.

A: 6.23 :1.37
S DELTA K B: 4.99: .599
* MIN C: 6.17: 2.57

D:

5.00: .605
6.00 :1.41
7.00 : 2.57 2.52 3.76

4.8.00 : 4.43 4.09 6.90
9.00 : 6.40 11.5
10.00 8 .48 15.3
13.00 : 17.7 18.8

A: 15.42 : 35.6
"~DELTA K B: 8.98 :6.46

MAX C: 14.97 :32.2
D:

'* ROOT MEAN SQUARE 11.91 7.75 12.49
K. PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.8B

- RATIO 0.8-1.25 1 1 1
* SUMMARY 1. 25-2. 0

(NP/NA) >2. 0

7.1 -6



CONDITION/HT: T851 ALUM.l
FORM: 1. 75"TH PLATE YIELD STRENGTH: 49.86 KSIIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 66. 2 KSI

* ~.*ORIENTATION- L-T SPECIMEN THK. 0. 992- 0. 998"
STRESS RATIO: -0. 08 SPECIMEN WIDTH. 7. 400" 2219

S FREQUENCY: 1. 00 HZ REFERENCES385837

&K (MPA V/F) &K (MPA N/m
*4 10 40 100 4 10 40 100

ENVIRONMENT: R. . 10 ENVIRONMENT: R.
LH.A S. T. W

11.1 102

1 --

-- 210~ 10-

4 4

10
3 3

10- 10- E

10 15 110-5

*10 10

o74o 10-

6 -6
110

%!l 4- 10 40 10

,6 101f ' 7l'

10 10 U

1~0 41040 100.'1 0 0

_ __ __ _ 3 1 1 11 1 1 1 f 11 1

16 10.6-

0)- 10;

10 2
C 1013

10 4

105 - E
1010

16 10-a

ioo-
16 1066

Fiur0 .1.31
*1 7.1 -6
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TABLE 7.10.3.19

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.1 9 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2219
CONDITION: T851

DELTA K .DA/DN (1O**-6 IN. /CYCLE)
* CKSI*IN**1/2)

A B C D

E- ER. T. E-=R.T.
.F. C.S. S. C. S.

A: 6.31 1.68
DELTA K B: 6.13 :1.62

MIN c:

7.00 : 2.43 2.48
8.00 : 3.76 3.77
9.00 : 5.37 5.41
10.00 : 7.26 7.42

N-13.00 14.8 15.9
16.00 26.1 28.4
20.00 : 50.0
25.00 : 104.

4 30.00 : 210.

FA: 33.42 : 334.
DELTA K B: 19. 70 :43. 5

MAX C:

ROOT MEAN SQUARE 12. 94 4. 49
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICT ION 0. 5-0. 8

RATIO 0.8-1.25 11
SUMMARY 1.25-2.0

*(NP/NA) >2.0

7.06



CONDITION/HT: T851ALM
FORM: 1. 75"TH PLATE YIELD STRENGTH: 50. 0 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 66. 0 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 990"

*STRESS RATIO: -0. 081 SPECIMEN WIDTH: 6. 010" 22
FREQUENCY: 1.00 HZ REFERENCES:ee579 21

AK (MPA -,/) &K (MPA ..,/7?)
4 10 40 100 4 10 40 1lOC

* 100 EN RONMENT: R. T..
F. C. S. S. C. S.

W10211-

16 10-
10 3o E

10- - 100E

' 10 _ _ _ _

1 m46 107

1-6

1 4 10 40 100 4__10_40__ 100

ENVIRONMENT: 100 ENVIRONMENT: 100

1- 
1 2 ________

10- - 10

1 o3  1 m3  
210.21'

4 4Z
>1 16

10- 10 E

E
5 o io-5 -

10 -110

-7

l u 1 01 0
10 10

1 4 10 40 100 1 4 10 40 100

AK (KSI ~ Figure 7.10.3.19 A KIvT
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TABLE 7.10.3.20

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7 . 1 0 3 .?INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2219

CONDITION: T851

DELTA K .DA/DN (10**-6 IN. /CYCLE)
* (KSI*IN**1/2)

A B C D

* L. H.A. S. T.W.

A: 6. 98 :1.58
DELTA K B: 13.00 :11.6

* MIN C:
D:

7.00 :1.60
8.00 : 3.03
9.00 : 4.89
10.00 : 7.10
13.00 : 15.5 11.8e
16.00 : 26.9 22.9
20.00 :55.6
25.00 :115.
30.00 :245.

A: 18.26 : 38.9
DELTA K B: 30.e6 :300.

MAX C:

------------------------------------------------------------------------------------

ROOT MEAN SQUARE 6. 74 8. 88
-PERCENT ERROR

-. LIFE 0.0-0.5
PREDICTION 0. 5-0.89

RATIO 0.8-1.25 1 1
*SUMMARY 1.25-2.0

(NP/NA) >2.0

7.06



CONDITION/HT: T851 ALUM.~T
FORM: 1. 75'TH PLATE YIELD STRENGTH: 50. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 56. 0 KSI

*ORIENTATION- L-T SPECIMEN THK. 0. 994- 1. 000"
. STRESS RATIO: -0. 08 SPECIMEN WIDTH: 6. 000- 6.010"

FREQUENCY: 0. 10 HZ REFERENCESS8579 21

4 10 40 100 4 10 40 100

G) VNRNNMENT: R. loo 10 ENVI O8NM NT: R. T..
H.~S. T. W.

10.1 10'

10~10

Ul _ _ _ _ _ _ 10 1 U
c ~3 .

10 10E

Z- 1E6

-5
010 -

4-6,-10- 10

aa1 4 0 0 0 1 4 1040 10

T0-8 - I 1 T T I1 1 1 1 1 1 11 - 1 1 1 1 t l I~~T F 
I I~' ~ 1 1 1)T T0

*ENVIRONMENT: 100 ENVIRONMENT: 100

1-2 -62

10- - 10

10F1 1103

10 1

4 C164

3 13 E

10 1010
E

1 1105

10-4 4

10.6 16

106~07 10"....LL.L 5L±LLI 0 LLI.L L.LiI

1 4 10 40 100 1 4 10 40 100
&K (KSI .. /'n) AK (K SI 7'T)

Figure 7.10.3.90
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TABLE 7.10.3.21

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7 .10 .3 .2 1 INDICATING EFFECT

OF ENVIRONMENT
--------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 2219
* CONDITION: T051
--------------------------------------------------------------------------------------

DELTA K .DA/DN (1O**-6 IN. /CYCLE)
* (KSI*IN**1/2)

A B C D

E=R. T.
L. H. A.

A: 3.09 :.223
DELTA K B:
MIN C:

D:

3.50 :.256
4.00 :.344
5.00 :.723
6.00 :1.49
7.00 : 2.76
8.00 : 4.49
9.00 : 6.41
10.00 : 8.15

A: 10.70 :9.05
DELTA K B:

MAX C:

ROOT MEAN SQUARE 13. 61
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICT ION 0. 5-0. 8
RATIO 0.8-1.25 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0
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CONDITION/HT: T851ALM
FORM: 1.75"TH PLATE YIELD STRENGTH: 49.6 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 66. 2 KSI
ORIENTATION- L-T SPECIMEN THK: 1. 000"
STRESS RATIO: -o0. 50 SPECIMEN WIDTH: 6. 000" 2219
FREQUENCY: 6. 00 HZ REFERENCESS58:37

AK (MPA V/iW) &K (MPA V/M-)

4 10 40 100 4 10 40 100

ELN\IRRNMENT: R. *. 10 ENVI O8NM~4T:

162 2 6 10- A

- 10- 10' E

-1

10 166

106 106

10, 0-

% e V R O M E T 1 0 -E V I O M E T 1 0 0

100

1T 4 0 4 104 10 4 0

1102

o Clo

10- Z: 10-2

10 1'3E

(o~ 1-7 i oF5  E 0

1074 -
6

1 1o6

1 0-61

8 
10'i~

1 4 ... LLLL..LLLJI 0 10 40 100 1 4 10 40 100
AK(KS~i~h&K (KSI v/1n)

Figure 7.10-3. 1
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TABLE 7.10.3.22

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.22INDICATING EFFECT

OF FREQUENCY
-------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 2219
CONDITION: T851
ENVIRONMENT: R.T. 1L.H.A.

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

F(HZ)= 63.30

A: 3.34 : .053
DELTA K B:

MIN C:
D:

3.50 :.0823
4.00: .119
5.00 :.282
6.00 :.600
7.00 :1.17
8.00 Z 2.08
9.00 : 3.30
10.00 : 4.67

A: 11.59 : 6.57
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 19.22
PERCENT ERROR

LIFE 0.0-0.5
K. PREDICTION 0.5-0.8
* RATIO 0.8-1.25 1

SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: T951 ALUM.
FORM: 1. 75"TH PLATE YIELD STRENGTH: 49.65 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 66.,2 KSI
ORIENTATION: L-T SPECIMEN THK:. 0. 993"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 7. 400" 21
ENVIRONMENT: R. T..* L. H. A. REFERENCES: 85837 21

A K (M PA &~Th K (MPA %/-M
4 10 40 100 4 10 40 100

FREQUENCY (Hz) 53. 30 10FREQUENCY (Hz)

2 -2

10 010.

40 164

1. -. o"

0100 100

E
z 5-5 _______ _
'a 10 -10 - z

% 1 11

16 16

1 0 5 1 0

-- iORETAINL- PE5ETH: 1g3

ET RFEN0 50

o 11 K 1M8

1 4 10 40 100 1 4 10 40 100

FREQUENCY (Hz) = FREQUENCY (Hz) =10

..,1- l 2 1 O 2 _

101 1 10 1

F 10' 10-

1, 10.  10 2 U

-3~ 3________ E________ 3________

1 10 10

-- 2

10- 10

, L I -. d 04- 4 0

- 10 -

Co7 11076~

Z" -:_ __-___ __lO___

4 101 - 0-  -

&K- 4-Ivin KS r

-710- 71 10 .

.- -6 ''q I ' '''

10- -- 10- --

.4 --7 0 .  _______10
. 2 

___-

10 "--10

1 '"'"105 - 105 -

, 4-1-4 10 0 "41- 4 1 4 1 0 ""
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TABLE 7.10.3.13

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7 .1 0 . 3 . 23INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2219
* CONDITION: T851

-----------------------------------------------------------------

DELTA K DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
A B C D

E-R. T. E=+ 265F E=R. T.
:L. H.A. , 6HZ L. H.A.. 6HZ S. T.W. , 1HZ

A: 7.12 : 1.40
DELTA K B: 6.89 :1.96

MIN C: 4.01 .246
D:

5.00 :1.02
6.00 :2.42
7.00 :2.36 4.24
8.00 : 2.52 3.90 6.28
9.00 : 3.97 5.88 8.46

10.00 : 5.43 8.32 10.8
13.00 : 9.66 19.2 19.8
16.00 : 15.4 38.2 35.2
20.00 : 333 88.6 81.5

-225.00 : 121. 244. 268.
30.00 : 616.

A: 32. 50 : 1536.
DELTA K B: 25. 72 :282.

MAX C: 29.24 :815.
VD

---------------------------------------------------------------------------
ROOT MEAN SQUARE 11.01 9.22 23.95
PERCENT ERROR

* .---------------------------------------------------------------------------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 9
RATIO 0.8-1.25 1 1 1
SUMMARY 1.25-2.0
(NP/NA) >2.0
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CONDITION/HT: T851 ALUM.
FORM: 1.75"TH PLATE YIELD STRENGTH: 48. 0 KSI ALLOY

*. . SPECIMEN TYPE: CT ULT. STRENGTH: 85. 9- 8. 0 KSI
. ORIENTATION- T-L SPECIMEN THK" 0. 995- 1. 000"

STRESS RATIO: 10. 08 SPECIMEN WIDTH: 8. 000- 5. 010" 2219
FREQUENCY: REFERENCES:88579. 85837

AK (MPA -%-M) A K (MP A VM-
. 4 10 40 100 4 10 40 100

ENVIRONMENT: R.T.. 100 --o ENVIRONMNT:4 285 F.
L.H.A.. 8HZ - L.H.A.. 3HZ

-2 1__ _ __ _ _ __ _2 __ _ _ _
',-._10

1  10
- 1

10 - 103

"1 3 10. oF3

10.1 10-4 4-

1 __.___lO
6  

1o6

10.5  
10. 5

.4 1- 10o 10 - m

"10100 10

-6F lO- 10-5

10- 10,

-1 1 L1' 10" 8 I I I I I I lO-t

101 4 10 40 100 4 10 40 100

7 '" ' ' ' 1 1 1'1 '1 1 1 I 1 I '1 'I 1 1 1 I 11 'I
ENVIRONMENT- R. 10° ENVIRONMENT: 100

-- S.T.W.. 1HZ

. 10 - 10
10 "1 10 "1

10.2 ~.210
4 4.3

0 10010 -

10 E

_ 10 1 . - ... z
15-0

-6F 
6

10 - .. 104 -- i 10 4 "

-7s  _ _ _ _ _ _ - .7

10.,- 10 0.  1 .

106 1 1.

10iji - - 10 1_. 1o .

[-' 1 4 10 40 100 1 4 10 40 100,AK (K SI vr ) AK (KSI VIM

-.. Figure 7.10.3.23
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TABLE 7.10.3.24

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.1 0 .3 .2 1INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2219
CONDITION: T851

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B CD

E=R. T. E- R. T.
.. L. H.A. S. T. W.

A: 5.95 : 1.30
DELTA K B: 6.48 1.21

MIN C:

4-,:

6.00 . 1.35
7.00 : 2.51 2.02
8.00 : 3.98 4.25
9.00 : 5.72 7.20

10.00 : 7.74 10.6
13.00 : 15.8 22.1
16.00 : 28.5 35. 1
20.00 : 60.3 59.5
25.00 : 155. 119.
30.00 : 411.

A: 32.68 : 700.
DELTA K B: 27. 75 :183.

MAX C:

ROOT MEAN SQUARE 32.94 13.81

PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8 1
RATIO 0.8-1.25 1 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0
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CONDITION/HT: T851 i ALUM.
FORM: 2. 00"TH PLATE YIELD STRENGTH: 49.8- 50.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 85. 2- 88. 0 KSI
ORIENTATION- L-T SPECIMEN THK: 0.993- 1. 000"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 8. 000" 2219
FREQUENCY: 13. 00 HZ REFERENCES:88579. 85837

AK (MPA .Vrm") &K (MPA N/7")
4 10 40 100 4 10 40 100

ENVIRONMENT: R. 4.. 10 111114T: R. T. 

L. H. A. S. T. W.
-62 L1.A 2 __ _ _ _ _ _ _ _•"",.10- 10 . 12 .

10.1

• :'- 1 - 10 -3

" 10 10

10. -lO6 - )

_ 10s  =1 .i 5  5- 10 -- E

16 r 10 6 z .-_ 1 .

S101 4 o7410

-6 - ENVIRONMENT:__ 10 o______

10.6 10
, 

-1

.. -- __ __ 10 10 -6

10-

a+ .. 8 10"3 --.±L LL.LL~ 1-8

10"8 10 1  1 I
1 4 10 40 100 >"

ENVIRONMENT: lo @ ENVIRONMENT: o

-2 _________ _________ 102 ________10_ __________

10 - 10-

107
0 10.7

b- 3 -' 10- 1o -2

E - 10 103 E

1 C1 0 0 1 4 0-0 0

z 1.1-75 10 E
-,-4

Z,• _ , _. . ., . . . . .." ," , , , , . . , . ,_..",._---,,s .. .. . z . . . . .- ." .. .

V 10 1o- 4

16166 
*

1 -5  i-

10F Z 10F

10-6 10 .6

1 4 10 40 100 1 4 10 40 100
&K (KSI V 7) &K (KSI v/7Th

Figure 7.10.3.24
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TABLE 7.10.3.25

FAT IGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.21NDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2219
CONDITION: T851

DELTA K .DA/DN (10**-6 IN. /CVCLE)
(KSI*IN**1/2)

*A B C D

E- ER. T. E- R. T.
:L.H. A. DIST. H20

*A: 5.66 :.982
* DELTA K B: 6.07 :1.39

MIN C:
D:

6.00 :1.19
7.00 : 2.03 2.51
6.00 : 3.35 4.06
9.00 : 5.18 5.93
10.00 : 7.60 6.09

*13.00 : 18.0 16.4
16.00 30.8 29.6
20.00 : 54.0 55.7
25.00 : 125. 124.
30.00 : 347. 304.
35.00 : 1218. 1118.

A: 35.37 : 1401.
DELTA K B: 36.90 :2114.

MAX C:
D:

ROOT MEAN SQUARE 16. 22 10. 10
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 1 2
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: T851 ALUM.
FORM: 2. 00"TH PLATE YIELD STRENGTH: 50.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 68.0 KSI
ORIENTATION- L-T SPECIMEN THK: 0.9gg0
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 5. 000"21
FREQUENCY: 1. 00 HZ REFERENCES88579 21

AK (MPA -,/mW) AK (MPA N%/Th)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. .. o 100 ENVI ONMENT: R. T..

12 L. H. A. 16 DIST. H26

100- lo1

20- 102

10.21
4 7-,

co - 3 3 E
i0 10 E

70,10 z
*01()04 10-4~

10,

-7

106

1____________ 4_ 10 4 0 4 10 40 100

ENVROMET:100 ENVIRONMENT: 100

1-2 -62

10- - 1

10' 10,2

4 -4 (L)

10 10

-0__ __ 165_ __ 1o0 -

16 166 -

107 -010

7 11 o5

-7 -7

16 1. 1 060-

1: 4 10 40 100o 14A 4(% 10 4n 0 10
AK (KI Vrn) AK(KSIvr-n

Fiue7.032
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TABLE 7.10.3.26

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.26INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2219
CONDITION: T851

DELTA K .DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

E= R. T.
L. H. A.

A: 5.67 :1.43
DELTA K B:

MIN C:

6.00 :1.76
7.00 : 2.97
8.00: 4.50
9.00 : 6.39
10.00 : 8.71
13.00 : 19.3
16.00 39.61-

* .20.00 : 100.
25.00 : 317.

A: 29.91 : 989.
~. DELTAK B:

MAX C:

ROOT MEAN SQUARE 32. 37
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.86-1. 25 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0
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K. CONDITION/HT: T851 ALUM.

FORM: 2. 00"TH PLATE YIELD STRENGTH: 50. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 58. 0 KSI
ORIENTATION- T-L SPECIMEN THK: 0. 990"
STRESS RATIO: 0. 08 SPECIMEN WIDTH: 5. 990" 2219
FREQUENCY: 6. 00 HZ REFERENCES:e8579

AK (MPA V/m) AK (MPA )
4 10 40 100 4 10 40 100

ENVIRONMENT: R.' 11 l ENVONMNT:
L. H. A.

10 _ 10- 01

0103  1103

._ -- 10-3 2 10 .  Z
lO. 6  1 0-

UI

10- - 10 0- EE

0 0 1 0
10-s

10- 100-

16 76 1O

10 .8 1 I . l L J 1 11 1 1 1 ,l - 10.8 l 1 1 1 II I I I 1,1 1 1

1 4 10 40 100 1 4 10 40 100

.0 ' I' I I I 'I 1I 111 t I I I'I '11111111
ENVIRONMENT: 10o @ ENVIRONMENT: 10

1-2 1-2 _

10. -- 10-3-110.1 101-

,6 3  U3

. 110 10-2

0 .: - 0
4

-4 10 .)
4 164

6 6

- 10 -0

z 5 '5 --1 lo 10
.5

'0-s 10-

-7:. 7 _-

10 - 4 10416 01 106

*O 1 0-8 IL 11 1=Iijj, - 10-8 1 L.±..L I '1 I L.lL.LLI -14 10 40 100 1 4 10 40 100

A''. '2:"ZK (KSI VW') A K (KSI ../T)

SFigure 
7.l3.26

6 ,I
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TABLE 7.10.3.27

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3. '7 INDICATING EFFECT

I.;- OF ENVIRONMENT

e4 ---------------------------------------------

MATERIAL: ALUMINUM 2219
CONDITION: T851

------------------------------------------------------------------------------------

DELTA K :DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)ABC

E= ER. T. E- R. T.
:L.H. A. S. T.W.
6HZ 1HZ

A: 6.28e 1.31
DELTA K B: 8.43 :3.46
MIN C:

7.00 : 1.65
8.00 : 2.25
9.00 : 3.01 4.60
10.00 : 3.95 7. 14
13.00 : 7.96 17.6
16.00 : 13.8 30.1
20.00 : 24.4 64.0
25. 00 : 67. 4 206.

A: 28.98 267.
DELTA K B: 28. 46 :386.

MAX C:
D:

ROOT MEAN SQUARE 32.80 14.62
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 2 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0
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CONDITION/HT: T851 ALUM.i~
FORM: 3. 00"TH PLATE YIELD STRENGTH: 53.0- 54.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 67. 0- 69. 0 KS I

-ORIENTATION- L-T SPECIMEN THK: 0. 990- 1. 000"
-- STRESS RATIO: -#--008 SPECIMEN WIDTH: 7. 400"21

FREQUENCY: REFERENCES:83579 21

AK (MPA Vm~) AK (MPA Vm)
4 10 40 100 4 10 40 100

EVIiRNMENT: R-1 Y-.1 1 o0 v ENVI ONMENT: R.
H. S. T. W.

* -62 6HZ 1__ _ __ 62 1HZ _ _ _ _ _

103 103
10' 0310-

14 -64

C-3 3 E10- 10- E

lo 105

.4. -4
10 - 10

1 o 5  10-s

-7 -7
1- 7 10
16 16810

1 4 10 40 1004 10 0 10

ENVIRONMENT: 10o ENVIRONMENT: 100

2 1__ 
__2_ __ _ _ _ _-

10 - 010

10 02 10-2

16 4 40

' ci - 0 10 - 0

-6 -6
10 -10

1 10
-7 -O7

10 6 10 -

68 -8
10 ~ ~ ~ ~ ~ ~ ~ ~ 1 Itl I......J..LLL I 10 I..L.LL .. LLllJi±

1 4 10 40 100 1 4 10 40 100
A K (K SI 7In) Figure 7.10. 3.27 AK (KSI v/i)



TLE7.10.3.28

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.287NDICATING EFFECT

OF STRESS RATIO
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MATERIAL: ALUMINUM 2219
CONDITION: T851
ENVIRONMENT: R. T. , S.T. W.

* DELTA K :DA/DN (10**-6 IN. /CYCLE)
* (KSI*IN**1/2)

A B C D

R=-0. 08

A: 10.27 : 13.7
DELI-A K B:
MIN C:

* 13.00 : 22.3

A: 15.94 : 45.7
DELTA K B:

MAX C:

ROOT MEAN SQUARE 8. 57
PERCENT ERROR

------------------------------------------------------------------------------------

* LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

* 7. 10-R2



* CONDITION/HT: T851ALM
FORM: 3. 00"TH PLATE YIELD STRENGTH: 53. 0 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 86. 0 KS1
ORIENTATION: T-L SPECIMEN THK 1. 000"

*FREQUENCY: 1.00 HZ SPECIMEN WIDTH: 7. 400" 2219
/ENVIRONMENT: R. T..* S. T. W. REFERENCESse579

4 10 40 100 4 10 40 100

STRESS RATIO= -0. 06 =0 2 STRESS RATIO=

10 10

10 110.1

16 -1 o- -

10 10 10 - 0

10 10 E5
~~110

10 10'

10~ 1 0

-- 7 Z-7

10- 10-61

1078 1168
1 410 40IIIJ..J~jj 1001 4 10 40 100

fil IIII I I f IIfill
STRESS RATIO=1 STRESS RATIO=1

100-
10 10.1

1 3 o73-

10-2 -- i02

U
1 0  

-11

110 1E
c1 10 10 - 0 3Z

10- -10

10 -110

10 .6 10 -6

*~ ~ F I I0 1L±.LLi 11 ....J..Ld. 1 1108 111jj 1jj1J1
* 1 4 10 40 100 1 4 10 40 100

Figure 7.10.3.98
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TABLE 7.10.3.29

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIOURE7.10.3.29INDICATING EFFECT

OF STRESS RATIO

MATLIAL: ALUMINUM 2219
CONDITION: T8511
ENVIRONMENT: R.T. *L.H.A.

DELTA K .DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R='0. 08 R-+0. 30

A: 4.70 .155
DELTA K B: 5.64 .629
MIN C:

5.00 :.234
8.00 :.415 .747
7.00 :.622 1.30
8.00 .906 2.32
9.00 :1.38 3.99
10.00 : 2.12 6.44
13.00 : 9.11 17.8
18.00 : 22.1 26.5

A: 18.71 : 23.1
DELTA K B: 1.7: 27. 2

MAX C:

---------------------------------------------------------------------------------

ROOT MEAN SQUARE 15.28 9.31
PERCENT ERROR

----- -----------------------------------------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0
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CONDITION/HT: T851 1ALM
FORM: 1. 75"TH EXTRUDED BAR YIELD STRENGTH: 51. 0 KSIALY
SPECIMEN TYPE: CT ULT. STRENGTH: 85. 0 KSI
ORIENTATION: L-T SPECIMEN THK IL.992- 0. 993"
FREQUENCY: 8. 00 HZ SPECIMEN WIDTH: 6. 000"21
ENVIRONMENT: R. T..* L. H. A. REFERENCESB85837

4 10 40 100 4 10 40 100

I'II'Il 'i''II I I'I'II I I'
STRESS RATIO= -0. 08 10STRESS RATIO= .60.30

i~2 -162

10 110.1

2-2

10 10 10z

-3 -3E10 10 E
z

10-

1 06 1 06 6

-7
10O

10.6

1 -8 1 -

* ' 11111 1 111 - = I ' 1 T rr 11---111-1 1 1 i-11r1
@ STRESS RATIO =10( @ TESRTO 100

16 102
10'I 10. 1

17 10 1 2

010- - 2

100

o71 4 16 1

10-80- 1 1 40 0008 10 0 0

7.10-85



TABLE 7.10.3.30

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3. 30INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2219
CONDITION: T8511
ENVIRONMENT: R.T. .S.T.W.

DELTA K :DA/DN (10**-6 IN. /CYCLE)
*(KSI*IN*.*1/2)

*A B C D

* R=+0.08B

*.A: 7.834 :2.76
* DELTA KB:

MIN C:

8.00 : 2. 98
9.00 : 4.78

10.00 : 7.39
13.00 : 19.8e

A: 14.17 : 25.4
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 12. 05
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

J. .1
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T851 1 ".; ., .. ..

CONDITION/HT: T51ALUM
FORM: 1. 75"TH EXTRUDED BAR YIELD STRENGTH: 51. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 8. 0 KSI

. ORIENTATION: L-T SPECIMEN THK: 0. 992"
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 6. 000" 2219
ENVIRONMENT: R. T.. S. T. W. REFERENCES65837

AK (MPA vrm) AK (MPA v/m)
- 4 10 40 100 4 10 40 100:'''@ - I ' I I'I I I ''I' t - I ' I'''I I ' I''I' .

STRESS RATIO = -0. 08 10 STRESS RATIO =-2,._ _ _ _ _ _ _ _ _ - ___ _ _ _ _ _ _

10- 10 -2

.- ' _ 10 1--2- 10 12-0
100. 101

1-- 10.2 _ - 10. 2~

u 10. 5 107 z

14 10-4

E____ _0_ _ _ __ 0- 4  -

0510

-106 
10. 1 

7
i-6 " - -__ _ _ _ _ _ _ _ _ _ _ _ _

1 -- 6 1 1 1 10.  1 1 10 "6

1 4 10 40 100 4 10 40 100

=, . I 1 I1I'I'I 1 1 I 11'I'I "t = I I I I I 1 I I f I I'fill
=E 10 STRESS RATIO 10

1- 2  1 2  _

10 -1 0 -10 - 0 -. 10 -

S 8 "10. 3 L 10 1 4 1 -
STES"RTI =1 STRES RAIO 10.0

0 1010

, .1- 5 1 5 .

>:-. - _o

.... _. 10".2 . 10- 5~-4- 4 .

16 -- 
1 6

_"-_ - 10 10- 0 . )

1oF 1o OF
z _____- 10_ - z

.6 _ _ _ _ _ _ _ _-6 _ _ _ _ _-6

10 u61

.. , . .. . 10 8 I , , , I I flil] 10-8  I , I I I | 1 I I I I I

1 4 10 40 100 1 4 10 40 100
AK (KSI V/'n) A K (KSI 7rT)

" Figure 7.10.3.30
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TABLE 7.10.3.31

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.31NDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2219
CONDITION: T8511

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R. '. E= R.T.
:L. H.A. S. T. W.
6HZ 1HZ

A: 5.85 :.685
DELTA K B: 4.86: .562
MIN C:

D:

5.00 :.645
6.00 :.763 1.42
7.00 :1.37 2.47
8.00 : 2.14 3.79
9.00 : 3.08 5.40
10.00 : 4.26 7.37
13.00 : 10.5 16.7
16.00 : 26.5

A: 16.35 : 29.6
DELTA K B: 15.36 :30.6

MAX C:
D:

ROOT MEAN SQUARE 7. 85 7. 26
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 1 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0
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* I CONDITION/HT: T8511ALM
FORM: 1. 75'TH EXTRUDED BAR YIELD STRENGTH: 51.0 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 58. 0 KSI
ORIENTATION- T-L SPECIMEN THIK: 0. 990- 0. 995"
STRESS RATIO: -l0. 08 SPECIMEN WIDTH: 5. 000" 2219
FREQUENCY: REFERENCESS5937

AK (MPA V'r) AK (MPA ,/M)
4 10 40 100 4 10 40 100

.5 i-' ENVIRONMENT: R. -. 00\o ENVI48NMENT: R. T..
L. H.. S. T. W.

16 HZ 1__ __ _ -i2 1HZ _ _ _ _ _

10-1 10.1

-212
-10 z10*

>1 1o4 164 -

105 10*3 E
-

166 66_______

1o75 10F,

10,1-6 
10-

1 4 10 40 100 1 __ 4__ 10___ 40__ 100_

ENVIRONMENT: 100 ENVIRONMENT: l0o

10 -3 10F
% -' 021.

io~ 10~10

-414 z-

rn 3  103 E
E

Z 105 __ _ _ _ _ _ _ _ z

* 166 -166

1 o5  10-

1 1- 1 t 1 116 L

1 4 10 40 100 101 4 10 40 100
AK (KSI vl"T) AK (KS( Vr'T)

Figure 7.10.3.31
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TABLE 7.10.3.32

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.32 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 2219
CONDITION: T852
ENVIRONMENT: R.T. .LH.A.

DELTA K DA/DN (10**-6 IN. /CYCLE)
* ~(KSI*IN4**1/2)ABCD

R-+0. 08

A: 6.55 : 1.29
DELTA K B:

MIN C:

7.00 : 1.36
8.00 : 1.58
9.00 : 1.90
10.00 : 2.35
13.00 : 5.00

A: 14.88 : .55
DELTA K 8:

MAX C:
D:

ROOT MEAN SQUARE 18.44
PERCENT ERROR

------------------------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.89
RATIO 0.8-1.25 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

7. 10-90
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4 CONDITION/HT: T852 ALUM.
FORM: 6. 00"TH BILLET YIELD STRENGTH: 50. 0 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 55. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 997"
FREQUENCY: 6.00 HZ SPECIMEN WIDTH: 6. 190" 2219
ENVIRONMENT: R. T..* L. H. A. REFERENCESS5837

&K (MPA ,N/im &K (MPA V/Th
4 10 40 100 4 10 40 100

STRESS RATIO -s-0. 08 10STRESS RATIO

100-1 10

10 1 10.1

-10.2 l0

4 -4

Ll - 3 10- E
10o E

lo __ _ _ __5 1o
*10 10 z

66 106

10~- 10-6

106 0

STRESS RATIO = 0STRESS RATIO= 0

10 2 10 .

10-110

-1'F 1)102 0.

10- Z 1

~100

10' 10~

*10- 1- 10

166 1660.

10 1010

10-6 10-

1 4 10 40 1014 100 10
AK (KSI V/K7)S V~

% Figure 7.10.3.32
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TABLE 7.10.3.33

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.1O.3.3V4NDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2219
CONDITION: T852

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E: R. T. E- R.T.
DRY AIR, 2-20HZ 6. T. W., 20HZ

A: 5.73: .518
DELTA K 8: 5.20 :1.60
MIN C:

6.00 :.633 2.38
7.00 : 1.25 3.70
8.00 : 2.22 5.42
9.00 : 3.63 7.58
10.00 : 5.49 10.2
13.00 : 13.3 20.1
16.00 : 21.6 32.2

A: 20.00 : 27.7

A 20.09 : 27.7
.. DELTA K B: 18.06 :32.4

MAX C:
D:

ROOT MEAN SQUARE 24. 73 16. 63
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

qv -
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CONDITION/HT: T852 ALUM.~T
FORM: 2. 00"TH FORGING YIELD STRENGTH: 50.7 KSI ALLOY

*. SPECIMEN TYPE: CT ULT. STRENGTH: 65. 0 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 750- 1. 000'

* -STRESS RATIO: -00. 33 SPECIMEN WIDTH: 3. 805" 2219
FREQUENCY. REFERENCES :A L00 1

AK (MPA ~/)AK (MPA V/mi)
4 10 40 100 4 10 40 100

EVIRNMENT 0  @ 0~ ENV ONMENT: R.
DRY R.2-0H!S. T. W. . 20HZ

10 1

io-3  1 3

10-2 10-2

>* 4 .4
10O - 0

10- 03  E

S10 1
4

10.

10' 101

4 10 40 104 10 40 10

I0~ 1__111__1__1_1 10 1 0

ENVIRONMENT: 10 @ NIOMN 0
10IONET - 10

10-1 10o

10.2 10
-4

C103 10 E

~10 10~10~
E

10 lo 10

106 10.6

1 4 10 40 100 1 4 10 40 100
AK (KSI ,/in) K (K SI 7n)

Figure 7.10.3.33

7.1.0-93



TABLE 7.10.3.34

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7 .1 0 . 3 . 3 4 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2219
CONDITION: T852

DELTA K .DA/DN (10**-6 IN. /CYCLE)
* (KSI*IN**1/2)

A B C D

E-R. T. E-R. T. E= R. T.
DRY AIR H. H. A. S. T. W.

A: 5.72 :.560
DELTA K B: 5.75 : 963

M IN C: 5.70 :1.96
D:

6.00 : 762 1.17 2.28
7.00 1.75 2.20 3.54
8.00 : 3.10 3.63 5. 13
9.00 : 4.84 5.58 7. 17
10.00 : 7.08 8.32 9.83
13.00 : 20.8 26.8 24.3
16.00 : 69.7 92.8 59.8
20. 00 : 480. 204.

A: 20. 32 : 568.
DELTA K B: 19. 72 :500.

MAX C: 20.69 :253.

ROOT MEAN SQUARE 27. 82 28. 49 27. 22
* PERCENT ERROR

LIFE 0. 0-0. 5
* PREDICTION 0. 5-0.89

RATIO 0.8-1.25
-2.SUMMARY 1.25-2.0
A:(NP/NA) >2. 0

7.10-94



*CONDITION/HT: T8B52 ALUM.
FORM: 2. 00"TH FORGING YIELD STRENGTH: 50. 6 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 66. 5 KSI [
ORIENTATION- T-L SPECIMEN THK: 1. 000"
STRESS RATIO. -0. 33 SPECIMEN WIDTH: 3. 805" 21
FREOUENCY: 2. 00- 20. 00 HZ REFERENCES:AL001

* . - AK (MPA -,/M 10 AK (MPA -\/MTh 10

QtIM N:R. = 100 ® ENVIF ONM NT: R. T..
DRY -H. H. A.

ld2 1d

10>' 10>

631-39
100 100

C102 102

E
10__ _ -5 1065

* .C~4 .4
V 10- 10 c

-7 -7

100 101 -

16 167

108~~1 -6 108 6 ...... L..L.L

1 4 10 40 100 1 4 10 40 100

© ~~RNMENyr 10 ENVIRONMENT:10
10101

100 10'0 .

10-10

10.2 ,o 2

106
U 16.,

10 10- E
E

10z
~~l 1010o

V 105 10 5

*~~1- -6______
100

1~ ~ ~ 0"816

*1 4 10 40 100 1 4 10 40 100
AK (KSI N/7i) &K (KSI vri)

Figure 7.10.3.",4
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TABLE 7.10.3.35

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.10.3.AJNDICATING EFFECT

OF ENVIRONMENT

*MATERIAL: ALUMINUM 2219
CONDITION: Te52

DELTA K .DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R. T. E=R. T.
.DRY AIR S. T. W.

A: 5.69 :.482
DELTA K B: 5.69 :1.34

MIN C:

6.00 :.615 1.64
*-7.00 :1.08 2.71

8.00 : 1.53 3.89
9.00 : 1.96 5.09
10.00 : 2.38 6.26
13.00 : 4.01 9.8e7

A: 14.60 : 5.51
DELTA K B: 16.00 :13.9

MAX C:
D:

ROOT MEAN SQUARE 12.80 16.11
PERCENT ERROR

LIFE 0. f .~ 5

PREDICTION 0.5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2.0

*(NP/NA) >2. 0

7. 10-96



CONDITION/HT: T852 ALUM.
FORM: 5. 50"TH FORGING YIELD STRENGTH: 49.2 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 62. 5 KSI____
ORIENTATION- L-T SPECIMEN THK. 1. 000"
STRESS RATIO: --. 33 SPECIMEN WIDTH: 3. 805' 21
FREQUENCY: 20. 00 HZ REFERENCES:AL001

&K(MPA N/-) A~K (MPA v/mi)
4 10 40 100 4 10 40 100

RIN 'I y'IET: R... 10 ENVIRONMEJNT: R. T..
ORY IS. T. W.

-62 ________ _______ .162

10'1 10-1

1 o3  1-
.2 2

1021

> -4 -4 ______ ___

olO 10 0-

E
Z 5 5________ ___________________

- 1 1660

1o6 7 1o7

10,6 10 0-6

10.8 I~ ~ I I-T 11118 jjJ11111 1 1J 11

*1 4 10 40 100 114 10 40 100

\! ENVIRONMENT: 100 ENVIRONMENT: 100

-62 __ _ _ _ _162

101 0-

10-2 .o
~-2 10

10 10 E
E 10 10~

10 1
106 104

14 10 40 100 1 4 10 40 100
&~K (KSI -,i) ,K KSh n

Fi gure - .11).



TABLE 7.10.3.36

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.lO.3. 36INDICATING EFFECT

OF ENVIRONMENT
-------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 2219
CONDITION: T1352

* DELTA K .DA/DN (10**-8 IN./CYCLE)
*(KSI*IN**1/2)

*A B C D

* E= R.T. E- R. T.
DRY AIR, 40HZ 5. T.W., 20HZ

A: 3.22 :.0513

* DELTA K B: 9.03 :6.82

MIN C:
D:

3.50 :.0854

4.00: .165
5.00 :.363

6.00 :.599

7.00 :.920

8.00 :1.43 ..-

9.00 : 2.32
*10.00 : 3.97 10.3

13.00 : 23.3 32.2
16.00 : 138.

A: 17. 51 : 250.
DELTA K B: 15.40 :53.6

MAX C:

ROOT MEAN SQUARE 29.-30 20. 39

PERCENT ERROR

LIFE 0. 0-0. 5
.PREDICTION 0.5-0.8

RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

* 7.10-98



CONDITION/HT: T8B52AU.
FORM: 5. 50"TH FORGING YIELD STRENGTH: 46. 4 KSI
SPECIMEN TYPE: CT ULT. STRENGTH: 61.65 KSI

*ORIENTATION- T-L SPECIMEN THK: 0. 250"
STRESS RATIO: -t0. 33 SPECIMEN WIDTH: 2. 55221
FREQUENCY: REFERENCES:AL001 21

4 10 40 100 4 10 40 100

NIRONETR. 1.. 100 - ENV ONM NT: R.
DRY IR. GHZS. T. W. 2 0HZ

10- - 10

10' 101

1 0 -2

-4 -4
C10 10 U

10'1 3 10, 3

70 6 10 icr 1cr5

10 ~ -4 10-

106 1 06

*1 4 10 40 100 11 4 10 40 100

* '' NVROMET:100 ENVIRONMENT: 10ll

10 - 10.1 1010-1

10.16

101 2 0

10 10- E
10z -5-

10 -010

10.6 105

1 4 10 40 100 1 4 10 40 10

Figure 7.10.3.,6
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TBE7.10.3.37

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7 . 1 0 .3 .3 7 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2219
CONDITION: T852

-------------------------------------------------------------------------------------

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

* E= R. T. E- R. T. E- R. T.
DRY AIR H. H. A. S. T. W.

A: 5.69 .7083
DELTA K B: 5.75 :1.50
MIN C: 5.81 2.40.

6.00 :.956 1.94 3.15
7.00 :1.89 3.44 5.25
8.00 : 3.00 5.55 7.74
9.00 4.48 8.51 11. 1
10.00 : 6.78 13.0 16.5
13.00 : 34.2 56.2 74.1
16.00 : 340. 670.

DETA A: 16.06 : 359.
DLAK B: 15. 13 :197.

MAX C: 16.29 :1021.

-------------------------------------------------------------------------------------

ROOT MEAN SQUARE 30. 43 23. 20 18. 36
* PERCENT ERROR

--------------------------------------------------------------------------------------

LIFE 0.0-0.5
PREDICTION 0. 5-0.89
RATIO 0.8-1.25

*SUMMARY 1.25-2.0
(NP/NA) >2. 0

9 7.10-100



7m~ ~CONDITION/i-i: T852ALM
FORM: 5.50"TH FORGING YIELD STRENGTH: 46.4 KSI IALLOYI
SPECIMEN TYPE: CT ULT. STRENGTH: 61. 6 KSI
ORIENTATION' T-L SPECIMEN THK: 1. 0001,
STRESS RATIO: --0. 33 SPECIMEN WIDTH: 3. e05' 21
FREQUENCY: 2. 00- 20. 00 HZ REFER ENCES:ALO 1 21

AK (MPA ,/i)AK (MPA Vm)
*4 10 40 100 4 10 40 100

10 @'' NI 114 0'NM ElNT:IR
'' ENVIRMENT: F.I.'- ENIOMT:R

DRY AI H. H. A.

10 10

N 10.1 101

0 00

10- 10- - a3

1 3  3 E
10 10-

10- 1010
1 0~ 1

10078

1II''FI I' 1006 ENVRONENT 1006

1 4 1 40 1410 40 100

!T.MN:10.1IOMET 10.1

16 1162 0.

10 100-

41 E

c 10 010 -3 10E

10 -0

107 10 10

16 1-61 0

lo-6 108

AK (KSI VThAK (KSI V7i
Figure 7.10.3.37
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TABLE 7.10.3.38L

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.1O.3.38INDICATING EFFECT

OF ENVIRONMENT
---------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 2219
CONDITION: T852

* DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

E= ER. T. E= R. T. E= R. T.
:DRY AIR H.H.A. S.T.W.

A: 5.73 :.915

DELTA K B: 5.75 :1.40
MIN C: 5.72 :2. 15

6.00 : 1.19 1.88 2.91
7. 00: 2.29 4. 19 5.89
9.00 : 3.46 6.71 8.78
9.00 : 4.93 9.56 12.0
10.00 : 7.32 13.5 16.6
13.00 : 41.9 54.7 74.6
16.00 :477.

A: 15.93 : 517.
DELTA K B: 16. 06 :502.

MAX C: 15.97 :835.
D:

ROOT MEAN SQUARE 30. 74 25. 21 27. 85
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

7.10-102
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CONDITION/HT: T852ALM
FORM: 5.50"TH FORGING YIELD STRENGTH: 47. 2 KSIIALY
SPECIMEN TYPE: CT ULT. STRENGTH: 62. 3 KSI
ORIENTATION- S-L. SPECIMEN THK: 1. 000" 21
STRESS RATIO: -0. 33 SPECIMEN WIDTH:
FREQUENCY: 2. 00- 20. 00 HZ REFERENCES: ALO01 21

&K (MPA V/mi) &K (MPA V/Th)
4 10 40 100 4 10 40 100

ENVIRONMENT R.T. 10 'o~ ENVI40NMENT: R. T..
DRY AIR H. H. A.

10 l

10-31oF2

C.)1 100-0

c 1- 10-3 E

.5  5__ _ _

__ 10 1 4 1 zc

*~~~~0 m_______ 0

1 .7 71

10.6 13-

10 .... L...iL - 1078111 z
1 4 10 40 100 4 10 40 100_______

-' ENVIRONMENT: R. 4..1 100 @ ENVIRONMENT: ioo
S. T. W.

1-2 __ _ _ _ _162

10- -

1 0 - 2 12

4) 1 0 4 >

S' 10' 10- Eo

E

-5 16 o5
iz

101

7.Y 100105

1671 - 0

* * * * . * -* 4 * * . *- ~ .6



TAJ3LE 7.10.3.39

SUSTAINED CRACK( GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7 .10. 3 . 3 9 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM R2 1 c7
CONDITION: T37

K MAX DA/DT (10**-6 IN/HOUR)
(KSI*IN**1/2)

A B3 C D

WET 3X/DAY WITH
2 5%. NACL

A: 20.00 : 411.
K MAX B:
MIN C:

25.00 661.
30. 00 917,
35.00 1171.
40.00 : 1423.
50.00 1933.
60. 00 24 74.

* .~70. 00 3075.

*A: 80. 00 3764.
K MAX B:
MAX C:

*D:

ROOT MEAN SQUARE 2. 84
1 PERCENT ERROR

4..

7.10-104



-~~~~2 -. -7 70J~ L ~

CONDITION/HT: T37ALM
FORM: 1. 5"TH PLATE SPECIMEN THK: 1. 000" IALLOYI
SPECIMEN TYPE: GCB SPECIMEN WIDTH: 5.0009
ORIENTATION:S-L CRACK LENGTH (A0 )
YIELD STRENGTH: K ISCC:

- ' ULT. STRENGTH: REFERENCES:789313 2219

K max (MPA %/m- K max (MPA V-m
4 10 40 100 4 10 40 100

I 11 111 1 1 1' 1 1 fil - I , I9 9I 1II 1 1 1 1 111 -
ENVIRONMENT: 10lo2 ENVIRONMENT:

VET 3X/DAY WITHZ
0O 3. 5XNACL 107

101 101

10 0 10

l00 100 ~

0 102 0 0

c10 10 E

~ io~ 103
v 2 1

ar0", 10 10-'

1010
10 ~ ~ _ _ _ _ _ _ _ _ _ _ -1 0 -4

lo- 10-

1~1 4 19 40 100-41 0 0

100 6

101 101

10 10 4 -0 14 1 4 0

ENVRONENT 1002 @ EVRNET 100 2

10 100

0 0
102 1002c

-0 1 1 0- c0

100 0

3 33

10' - 1
1 1010

io6 10- 10- m 0 ±.~J..t...LL.
104 1 4 0 1 400 0

710-115

S .6 1- J 1 .. 1 1 hill~** I ih l



M- f1 -0 0 ' 0 41 4) 0 0 Q 4) CD CDw D CD 1 00 000 02 0 00 1~ iO M C 0
La. 4 4 00 000 Oa' 0 00 ir) 0 4 4

w -C. 41 1 - - - - -- " -V 4a 4

m IMr t ) 4D .44a4 m 49 M4
Nl P, Nl N' N N NI' f N 4 1 N N 11
0'ly (P. 0' D'0' ol'0 00.0 0 0' ' 0' 0

1 009 00 0 00
00 V ro aVr r, in r, In

W; in in InI-

0 I

0' M In in

1 0 00 008 80 8 00 8 0 880 00 0 i

to- 1 0 1 O 000' 84 8 O00 0 0 0 0
- I - - 88 000 0~'I 00I 0var - I

x I I

0 1 im co0 6om0 0 4

I (a I I

1. 140 . . . 0. 0 00 0I II 0 II 0

1 0W~ 0 0 0 0.0 0I 0I 0I 0. II I I

V. w

1- I x 00 0n 00 00 0 00 0 0

1 0 0 0 I n 00 00 00 AM CA 0 0 0 0 0 0

I" uz 0 0 0 I 0 0 00

of-- 0 0- 00 0 0v 0 0

U'-C
,-4 0' W W

w - M

a- wO I I 0 000 00 0 00 0 1 00 0
11-n~ ~ pm 0in tW IM ~ MN 0 01 0-

z I z w

a 00- 000 00 09 f 1-N N

% OW ag II r V L n n 0i W I i In in o i-

W9 -u -j I- 0 u 0
IL C I . I '- O0)"U w LO 1 1 -. U) II)

En r I- I. I 0 .9

I 2c 0- 0- 0- 1 00) 000 0 0 I I I 0 N N N
090 ~I V C 0 0 0 00 T, P 0 N N 0

%W t 9IL f IL a ILCC IV CL tI (L CLW CL CL

UL

.W a .. ..



TABLE 71..

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.11.3.1INDICATING EFFECT

OF STRESS RATIO

*MATERIAL: ALUMINUM 2324
CONDITION: T39
ENVIRONMENT: R. T. , H. H. A.

- -DELTA K DA/DN (10**-6 IN. /CYCLE)
* (KSI*IN**1/2)

A B C D

R=+.33

A: 2.65 .. 0344
DELTA K B:

MIN C:

* -3.00 :.0994
3.50: .178
4.00 :.222
5.00 :.462

* .6.00 :1.30
7.00: 2.72
8.00 :4.66
9.00 : 7. 09
10.00 : 10.0
13.00 : 23.2

A: 14.47 : 33.7
DELTA K B:

MAX C:
D:

-----------------------------------------------------------------------------------

ROOT MEAN SQUARE 15.79
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.89 1

- ~ RATIO 0.8-1.25 2
SUMMARY 1. 25-2. 0

* .(NP/NA) >2. 0

7.11--2



CONDITION/HT: T39ALM
FORM: 1.25"TH PLATE YIELD STRENGTH:ALO
SPECIMEN TYPE: WOL ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK: 0. 249- 0. 251"
FREQUENCY. 25. 00 SPECIMEN WIDTH: 2. 500- 2. 547"22
ENVIRONMENT: R. T., H. H. A. REFERENCES:AL01 22

AK (MPA x/)AK (MPA x/m)

4 10 40 100 4 10 40 100
I I I I TI -

STRESS RATIO= -o0. 33 -10STRESS RATIO

10' - 10

1 2 -02
10 1 0

> -4 -4

10 10~
E

10-10

10 1 -4

100 -0

16 1 1F 7

10- 60 40 10 460

1 4 10 40 100 1 4 10 0 10
I~~~~ ' I 1P11 ' 'I I

* STRESS RATIO = 0STRESS RATIO= 0

-62 
-62

10- - 10

100 iT'

10-2 10-2

4 4

~ 16~ -10

s10- 3  10 E
E

d. z 5s 5___ 1~
10 10 100

-4 4
V 10 10-1c

10 l

i 7  70

10 -6 10 06

1 4 10 40 100 1 4 10 40 100
AK (KSI \/in AK (KSI \/in)

Figjure 7.11.3.1
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TABLE 7.12.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.12.3.1INDICATING EFFECT

,'j. MATERIAL: ALUMINUM 2419 O NIOMN

CONDITION: T851

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A C D

E= R. T.
:LAB AIR

A: 6.26 :1.28
DELTA K B:
MIN C:

D:

7.00 . 2.07
8.00 3.01
9.00 : 4.35
10.00 : 6.30
13.00 : 14.7
16.00 : 24.9

20.00 : 3.9

A: 20.00 : 53.9
DELTA K B:

MAX C:

ROOT MEAN SQUARE 18.62
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.19

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

7.12-6



CONDITION/HT: T1351ALM
FORM: 2. 00"TH PLATE YIELD STRENGTH: 51. 7 KSIALO
SPECIMEN TYPE: WOL ULT. STRENGTH: 66. 9 KSI [
ORIENTATION- L-T SPECIMEN THK: 0. 500"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 1. 8501, 2419
FREQUENCY: 30. 00 HZ REFERENCES: U0004

AK (MPA /i)AK (MPA Vm./i)
-:4 10 40 100 4 10 40 100

-ENVIRONMENT: R. H 100 ENVI ONMENT:
LAB AIR

101 10-1

102 -30o2
-2 -2

100 100

10i 1o6

z E

10 l o- -

co 1

10- - 10

.7 -7

10~- 1 -

16-8 108

ENVIRONMENT: 10 @ E NVIRONMENT: 100

-62 1_________ 2

10 - 10

10-3 10.1

1 -2
10 10-

>1 16 4 .

ioc - 0 _ __-3_ _ _

E
10 - 1o

10 110-

10- -1

1 o 5  10 o5

-7 -7

106 10.6

11 4 10 40 100 1 4 10 40 100

AK (KS V~~) Figure 7.12.3.1AK(SV)
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TABLE 7.12.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.12.. INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 2419
CONDITION: T851

DELTA K .DA/DN (10**-6 IN. /CYCLE)
* (KSI*IN**1/2)

A B C D

E- R.T.

LAB AIR

A: 6.39 .906
*DELTA K B:

MIN C:
D:

7.00 1.97
8.00 2.68
9.00 3.94
10. 00 5. 59
13.00 10.3
16.00 17. 1

A: 17. 33 26. 1
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 19. 1 F
PERCENT ERROR

* .LIFE 0. 0-0. 5
PREDICT ION 0. 5-0.89

RATIO 0.68-i. 25
SUMMIARY 1. 25-2. 0
(NP/NA) >2. 0



CONDITION/HT: T851 ALUM.
FORM: 2. 00"TH PLATE YIELD STRENGTH: 52.5 KSIALO
SPECIMEN TYPE: WOL ULT. STRENGTH: 66. 6 KSI
ORIENTATION- T-L SPECIMEN THK: 0. 500"
STRESS RATIO: -o-0. 10 SPECIMEN WIDTH: 1. 850" 2419
FREQUENCY: 30. 00 HZ REFERENCES: U0004

&K (MPA V/m) &K (MPA V'Amh
4 10 40 100 4 10 40 100

ENVIRONMENT: R. T. . lo 9ON11NM NT:
LAB AIR

1 - 1 0 -1 011

10.1 103

1 02 102

Ci 10- 3 10 - 3 E
o3E

10 1o 10o5  z

-66

100

~, 010- 6 10 -6

_0-8 1 1 il I I1 116 1i i II
1 4 10 40 100 1 4 10 40 100

© ENVIRONMENT: 100 ENVIRONMENT: 100

-62 -62

10- - 10

10-10

10 l1w
44

c -3 -3EZ-10 10 E
E

z:
- o7 10- 5

16 10F-

10 100

10 10 4 -0 14 1 4 0

AK (KSI & K (KSI -,in
Figure 7.1.2.3.
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TABLE 7.13.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.13.3.1 INDICATING EFFECT

OF ENVIRONMENT

------------------------------------- ------------------------------------------

CONDITION: T81

* DELTA K :DA/DN (10**-6 IN. /CYCLE)
CKSI*IN**1/2)

A B C D

E=R. T.
LAB AIR

A: 9.66 : 7.21
DELTA K B:
MIN C:

D:

10.00 : 7.77
13.00 : 15. 1
16.00 : 29.2

A: 16.24 : 30.6
DELTA KB :

MAX C:
D:

ROOT MEAN SQUARE 4. 38
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.89

- -RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2.0

7.13-4



Od CONDITION/HT: Tei ALUM.
FORM: 0. 05"TH SHEET YIELD STRENGTH:5.0 S ALLOY
SPECIMEN TYPE: CCIP ULT. STRENGTH:
ORIENTATION- L-T SPECIMEN THK: 0. 084"
STRESS RATIO: -0. 40 SPECIMEN WIDTH: 4. 0061
FREQUENCY: 2. 09 REFER ENCES:88734

&K (MPA -,/T) A~K (MPA %/m)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. .. 100, ENVI O8NMENT:-
LAB AIR H

10- lo10

101 101

C.))
>1 -4 -4

C10-
1 0

3

~~~1 0E__ _

z -6 5 ,
10 lo 0-6 __ _ __ _

la, 110

10~ 10

.7 -7

10- 10O 1

1 4 10 40 100 11 4 10 40 100

ENVIRONMENT: ENIRNMNT 100

*102 - 102

10. 10.1

1 0 1 01 0

10 10 - 0

Z -5 -o5-
lo 10

1-4*

10 lo1

106 106

10 5 -z 10

6 -10 1 0

1 4 10 40 100 1 4 10 40 100
AK (KSI V17Th AKJ (KS) VTinh

Figure 7.13.q7'.1



TBE7.13.3.?

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7.13.3.2 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMIINUM 2618

CONDITION: T81

DELTA K .DA/DN (10**-6 IN. /CYCLE)
* (KSl*IN**1/2)

I..A B C D

E=R. T.
LAB AIR

A:
DELTA K B:

* MIN C:

200. 00

A:
DELTA K D:

MAX C:

ROOT MEAN SQUARE 0. 00

PERCENT ERROR

*LIFE 0.0-05
PREDICTION 0.5-0.19

*RATIO 0.8-1.25
- SUMMARY 1. 25-2. 0
*(NP/NA) >2.0

7.1 3-



* CONDITION/HT: T81F7iT
FORM: 0. 05"TH SHEET YIELD STRENGTH: 57.0 KSIALO

*SPECIMEN TYPE: CCP ULT. STRENGTH:
* :.ORIENTATION- T-L SPECIMEN THK. 0. 064"

-~STRESS RATIO: -0. 40 SPECIMEN WIDTH: 4. 000"21
*FREQUENCY: 2. 00 HZ REFERENCES: 6734 2

AK (MPA N/m) &K (MPA N//m
*4 10 40 100 4 10 40 100

ENVIRONMENT: R. T.. 100 ENVI O8NM NT:
LAB AIR

-62 16_______ _________ 2

100 101

10-i 3110'

0- 2 2 _10 10 C

16 -4 1-4

1 0 10- 3 1 0E

1D 10 50
~110 z

10 -4  1- 4 c

106 1 66

___ ___ _5 
10 10

-80

1 4 10 40 100 14 10 40 100
/Pl = I 111 11 1 1 TT PT :; = I I 1 11111 1 1 111111

-' ENVIRONMENT: 10 0 @ ENVIRONMENT: 100

10 1

101 104

1 0 3 -

-z 
10 c:

S105
*1 10 z

106 - 10~ 40

10- 108

1 4 10 40 100 1 4 10 40 100
6K (KS) in) KKSI7n
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TABLE 7.14.3. 1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 7 .14 . 3 .1 INDICATING EFFECT

OF STRESS RATIO

K MATERIAL: ALUMINUM 6061
CONDITION: T651
ENVIRONMENT: R. T.. LAB AIR

DELTA K :DA/DN clo**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=-0. 00

A: 11.639 12.5
DELTA K B:

MIN C:
D:

13.00 . 15.8B
16.00 . 29.6
20.00 57.4
25.00 . 124.
30.00 : 259.
35. 00 : 340.

*A: 37. 44 : 752.
DELTA K B:

MAX C:

ROOT MEAN SQUARE 10. 47
PERCENT ERROR

LIFE 0. 0-0. 3
PREDICTION 0.5-0.9

RATIO 0.8-1.25
SIMPIARY 1.25-2.0
(NP/NA) >2. 0

7.14-6



0 CONDITION/HT: T551 ALUM.T
FORM: 1. 00"TH PLATE YIELD STRENGTH: 389.0 KSI ALLOY
SPECIMEN TYPE: NB ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK: 0. 500"
FREQUENCY: 0. 10 HZ SPECIMEN WIDTH: 2. 500" 6
ENVIRONMENT: R. T. *LAB AIR REFERENCES: 81507 -5

AK (MPA V/i) &K (MPA N/Fi)
4 10 40 100 4 10 40 100

STRESS RATIO = .40. 00 STES RTI

100 10-

10-2 1-2

164~

-3 -5
70 10 E10z

10 5 10-5

10 1010-

-1 08
1 410 40 1001 4 10 40 100

STRESS RATIO=1 ST RESS RATIO= 100

10-1 10-1

1.2

10 -0o 102

4~ 4

E
z0 ___5 10o5 - z

10-4 '

101 10

10'

1076 -

&K (KSI Af*~ Fiue71..K (KS I Vr/n)

7.14-7
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TABLE 7. 15

REFERENCES FOR THlE ALUMINUM ALLOY DATA

51527 2014-T6 K,

Christian, J. L., and Hurlich, A., "Physical and Mechanical
Properties of Pressure Vessel Materials for Application in a
Cryogenic Environment", ASD-TDR-62-258, Part 11, General Dynamics/
Astronautics (April 1963).

57210 7075-T7351 Kc

Unknown

62306 2219-T87 K%
707 5-T6 K c

Kichenberger, T. W., "Fracture Resistance Data Summary", Report
DA-20947, The Boeing Company (June 1962).

62308 2024-T3 Kc
2024 (ALCLAD)-T3 Kc

Anderson, W. E., "Fracture Toughness Data Summary", Report D6-9068,
The Boeing Comapny (June 1962).

62309 7075-T6 Kc

Batch, E. J., and Edwards, W., T., "Evaluation of Tear Resistance
of 7079 A.luminum Alloys (Sheet Extrusions and Forgings)", Report
SNN 86, Lockheed Aircraft Corporation, Marietta, Ga., (April 13, 1962).

62310 7075-T6 Kc
r~w,7075-r651 K,~

Anon., "Fracture Toughness Data Summary of 2000 and 7000 Series
Aluminm Alloys", The Boeing Company, received from J. P. Butler
(April 1965).

62311 2024(ALCLAD)-T3 Kc
707 5(ALCLAD)-T6 Lc

Gurin, P. J., "Crack Propagation Tests for Some Aluminum Alloy
Materials", LR 10498, Lockheed Aircraft Corporation (February 1955).

65697 7075(ALCLAD)-T6 1Kc

Broek, D., "The Residual Strength of Aluminum Alloy Sheet Specimens
Containing Fatigue Cracks of Saw Cuts", NLR-TR M.2143, National
Aerospace Laboratory, Amsterdam (March 1966).

66103 2219-187K

Ferguson, C. W.,, "Hypervelocity Impact Effects on Liquid Hydrogen
Tanks", NASA CR-54852, Douglas Aircraft Company Inc. (March 1966).

% 7.15-1
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TABLE 7.15 (Cont)

67821 2024-T3 K,

Walker, E. K., "A Study of the Influence of Geometry on the Strength
of Fatigue Cracked Panels", AFFDL-TR-66-92, Northrop Norair (June 196

68908 2014-T6 K

Orange, 1. W., "Fracture Toughness of Wide 2014-T6 Aluminum Sheet at
-320 F", NASA TN D-4017, Lewis Research Center (June 1967).

69759 2219-T87 Kc

Eitman, D. A., and Rave, R. A., "Plane Stress Cyclic Flaw Growth
of 2219-T87 Aluminum and 5AI-2.5Sn ELI Titanium Alloys at Room
and Cryogenic Temperatures", NASA CR-54956, Douglas Aircraft Company,
Inc. (September 1966).

70485 2024 (ALCLAD)-T3 K,
7075(ALCLAD)-T6 Kc

Broek, D., "The Effect of Finite Specimen Width on the Residual
Strength of Light Alloy Sheet", TR M.2152, National Aero- and
Astronautical Research Institute, Amsterdam (September 1965).

70519 2024(ALCLAD)-T3 K:

Broek, D., "The Effect of the Sheet thickness on the Fracture
Toughenas of Cracked Sheet", NRL-TR N.2160, National Aerospace
Laboratory, Amsterdam (January 1966).

75599 7075-T6 K

Hudson, C. M., "Effect of Stress Ratios on Fatigue-Crack Growth
in 7075-T6 and 2024-T3 Aluminum-Alloy Specimens", NASA TN D-5390,
Langley Research Center (August 1969).

75787 7075-T651 Klcc

Procter, R. P. M., and Paxton, H. W., "Stress Corrosion of Aluminum
Alloy 7075-T651 in Organic Liquids", Journal of Materials, 4 (3)
729-760 (September 1969).

76411 7079-T6 Kic

Weasel, E. T., et al., "Engineering Methods for the Design and
Selection of Materials Against Fracture", Final Technical Report,
Westinghouse Research Laboratories, Pittsburgh, PA, Contract
DA-30-069-AMC-602 (T) (June 24, 1966).

77140 7075-T73510 Kic
7178-T651 Kic
7178-T6510 Klc

Kaufman, J. C., Schi.ling, P. E., and Nordmark, G. E., "Fracture
Toughness, Fatigue and Corrosion Characteristics of X7080-T7E41 and
7178-T651 Plate and 7075-T6510, 7075-T73510, X7080-T7E42, and
7178-T6510 Extruded Shopes", Report AFML-TR-67-C-1521 (November 1969).
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TABLE 7.15 (Cont)

77720 2014-T652 KIC
2024-T852 KIC, da/dN
7075-T7352 KIc, da/dN
7079-.T652 KIC, da/dN

Brownhill, D. J., et al., "Mechanical Properties, Including Fracture
Toughness and Fatigue, Corrosion Characteristics and Fatigue-Crack
Propagation Rates of Stress-Relieved Aluminum Alloy Hand Forgings",
Report AFMI.-TR-70-10, Aluminum Company of America, Alcoa Research
Laboratory, New Kensington, PA, Contract F33615--68-C-1385 (February 197(

78313 2024-T:351 da/dt, Kisc
2024-T4 da/dt
2219-T37 da/dt
7075-T651 da/dt
7079-T651 da/dt, Klscc
7175-T66 da/dt, Klscc

Hyatt, M. V., "Use of Precracked Specimens in Stress-Corrosion
Testing of High-Strength Aluminum Alloys", Sumary Report D6-24466,
The Boeing Company, Renton, Wash., ARPA Contract N00014-66-C-0365
(November 1969).

78982 2024-T3 K

Fedderson, C. E., Simonen, F. A., Hulbert, L. E., and Hyler, W. S.,
"An Experimental and Theoretical Investigation of Plane-Stress
Fracture of 2024-T351 Aluminum Alloy", NASA CR-1678, Battelle

Memorial Institute (September 1970).

79089 7075-T7351 1Kc

Fedderson, C. E., and Hyler, W. S., "Fracture and Fatigue-Crack
Propagation Characteristics of 707 5-T7351 Aluminum Alloy Sheet
and Plate Report No. G-8902, Battelle Memorial Institute, Columbus
Laboratories (March 1970).

80073 2021-T81 Krc, IKIscc
%7007-~T6 KT.sc,

Schwartzberg, F. R., et al., "Cryogenic Alloy Screening", Report
NASA CR-72733, Martin Marietta Corporation, Denver, CO, Contract
NAS 3-11203 (November 1970).

80104 2219-~T87 Kc

Orange, T. W., Sullivan, T. L., and Calfo, F. D., "Fracture of Thin
Sections Containing Through and Part-Through Cracks", 14ASA TN
D-6305, Lewis Research Center (April 1971).

82675 2014-T6 Ksc
2024-T352 Klc
2024-T852 KIc~ K 1 c
6061-T652 Kic, Klc
7075-T735 KIc, Kscc

Chu, H. P., and Wacker, G. A., "Fracture Toughness and Stress
Corrosion Properties of Aluminum Alloy Hand Forgings', Journal of
Materials, 7 (1) 95-99 (March 1972).
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TABLE 7.15 (Cont)

82878 2024-T351 Kic

Pearson, S.,* "The Effect of Mean Stress on Fatigue Crack Propagation
in Half-Inch (12.7 mmn) Thick Specimens of Aluminum Alloys of High
and Low Fracture Toughness", Engineering Fracture Mechanics, 4 (1)
9-24 (March 1972).

82879 2014-TG Kic
7075-T6 KIc
7075-T73 KIC
7079-T6 KIC
7080-T7 KIC

Moore, R. L., et al., "Fatigue and Fracture Characteristics of
Aluminum Alloy Cylinders Under Internal Pressure", Engineering
Fracture Mechanics, 4 (1) 51-63 (March 1972).

82880 2024-T851 KIC
2219-T851 Ktc
6061-T651 KIc
7075-T7351 KIC
7079-T651 Kic

Nelson, F. G., et al., "The Effect of Specimen Size on the Results
of Plane-Strain Fracture-Toughness Tests", Engineering Fracture
Mechanics, 4 (1) 33-50 (March 1972).

83058 7175.-T736 KIC

Jones, R.. E., 'Fracture Toughness and Fatigue Crack Growth Properties
of 7175-T736 Aluminum Alloy Forging at Several Temperatures", Report
AFML-TR-72-1, University of Dayton Research Institute, Dayton, OH,
Contract F33615-71-C-1054 (February 1972).

83061 7049-T73 K1 ,' Klscc
7049-T76 KIc

Jones, R.. E., "Mechanical Properties of 7049-T73 and 7049-T76
% ~Aluintm Alloy Extrusions at Several Tempe-atures', Report AFML-

TR-12-2, University of Dayton Research Institute, Dayton, OH,
Contract F33615-71-C-054 (February 1972).

83242 7049.T73 KIc, Kiscc
7175-T736 KIc, Klscc

Harmsworth, C. L., "Evaluation of Landing Gears Fabricated from
41 7175-T736 and 7049-T73 Aluminum Alloys", Report No. LA 72-22,

Air Force Materials Laboratory, Wright-Patterson AFB, OH, (May 25, 1972)

83243 2024-T851 KIC

Gunderson, A. W., "Tensile, Fracture and Fatigue Properties of 2024-
T851 Aluminum Thick Plate", Report No. LA 72-24, Air Force Materials
Laboratory, Wright-Patterson AFB, OH, (May 2', 1972).

084284 2024-T351 da/dt
7039-T64 da/dt
7049-T73 da/dt
7075-T651 da/dt
7075-T7351 da/dt
7079-T651 da/dt
7175-T736 da/dt

* Hyatt, M. V., "Use of Precracked Specimens in Stress Corrosion
Testing of High Strength Aluminum Alloys". Corrosion, 26 (11),
487-503 (November 1970).
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84286 7075 da/dt

7075-T7351 da/dt

Hyatt, M. V., "Use of Precracked Specimens in Selecting Heat
Treatments for Stress-Corrosion Resistance in High Strength
Aluminum Alloys", Cor-rosion. 27 (1), 49-53 (January 1971).

84288 2014-T651 KIC
2024-T851 KIc
6C61-T651 KIC
7075-T651 KIc
7079-T651 KIC

Nelson, F. G., and Kaufman, J7. G., "Plane Strain Fracture Toughness
of Aluminum Alloys at Room and Subzero Temperatures", ASTM STP 496,
American Society for Testing and Materials, Philadelphia, PA, (1971).

84306 2024-T851 KIC
2124-T851 KIC
2219-T851 KIC
7049-T73 Ktc
7075-T651 KIc

7075-T7351 KIc
7075-T7651 Kic

Harrigan. M. J., "&~-l Fracture Mechanics Data for Air Force Handbook
Usage". Report TTD-72-501, North American Rockwell, Los Angeles Divisior
Los Angeles, CA, (April 21, 1972).

84319 2219-T87 KIC

0 Engstrom, W. L., "Determination of Design Allowable Properties,
Fracture of 2219-T87 Aluminum Alloy", NASA CR-115388, The Boeing
Company, Aerospace Group, Seattle, Wash., Contract NAS 9-10364
(March 1972).

84329 7079-T6 K 1 c

Report of NRL Progress, Naval Research Laboratory, Washington, D.C.
(October 1967).

84331 2020-T651 K1Ic
2219-T851 Ktscc
7005-T63 Klscc
7075-T6 Klscc
7075-T651 Kjscc
7075-7351 Klscc

7079-T6 Kjscc

Report of NRL Progress, Naval Research Laboratory, Washington. D.C.
(January 1968).

84340 7D75-T651 Kc
7075-T7351 KcC

Allen, F. C., "Effect of Thickness on the Fracture Toughness
of 7075 Aluminum in the T6 and T73 Conditions", ASTM ST? 486,
"Damage Tolerance in Aircraft Structures", p 16-38 (1971).

84360 2024-T851 da/dN, KTscc
7075-T651 K d dadN, KjscC.
7175-.T736 ia/dN, Kjscc

McDonnell Aircraft Company, McDonnell Douglas Corporation, St. Louis,
MO, Phase 8 Test Program, Report MDC A0913 (May 18, 1971).
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84362 7050-T73651 Kl,
7075-T7351 1Ktscc

Dill, H. D., and Rich, D. L., "Evaluation of Aluminum Plate Alloys
7075-T7351, X7050-T7365l and 2021-T81", Report No. MDC A1;55,
McDonnell Aircraft Company, McDonnell Douglas Corporation, St. Louis,
MO, (May 30, 1972).

84363 2021-T8L Ktc
7050-T73651 KIc
7075-T7351 Kic, da/dN

Rich, D. L., 'MCAIR IRAD Data for Fracture Mechanics Engineering
and Design Data Handbook", with enclosures (1) Materials Definition,
(2) Mechanical Properties Test Data, (3) Plane Strain Fracture
Toughness Test Data, and (4) Plane Strain Constant Amplitude
Crack Growth Test Data, McDonnell Aircraft Company, McDonnell Douglas
Corporation, St. Louis, MO (June 14, 1972).

84366 2024(ALCLAD)-T3 Kc

Brook, D., "Static Tests on Cracked Panels of 2024-T3 Alclad
Sheet Materials From Different Manufacturers", NLR-TN M.2164,
National Aerospace Laboratory, The Netherlands (Novemlter 1966).

84367 2024-T3 Kc
7075-T6 Kc

McEvily, A. J., I11g. WJ., and Hardrath, H. F., "Static Strength of
Aluminum-Alloy Specimens Containing Fatigue Cracks", NACA TN 3816,
Langley Aeronautical Laboratories (October 1956).

84368 2124-T1851 Kic
7049-T73 K~c
7175-T736 K~c
7475-T61 KC
7475-T761 Kc
7475(ALCLAD)-T61 Kc

Babilon, C.,F., et al., "Mechanical Properties, Fracture Toughness,
Fatigue, Environmental Fatigue Crack Growth Rates, and Corrosion
Characteristics of High-Toughness Aluminum Alloy Forgings, Sheet
and Plate", Fifth Technical Management Report, Aluminum Company
of America, Alcoa Research Laboratories, New Kensington, PA,
Contract F33615-71-C-1571 (August 1972).

85291 7050-T7E56 KIC

Deal, 0. L., and Mindlin, H., "Engineering Data on New Aerospace
Structural Materials", Report AFML-TR--72-196, Volume 1, Battelle,
Columbua Laboratories, Columbus, OH, Contract F33615-71-C-1262
(September 1972).

85363 7475-T61 da/dN
7475-16151 da/dN

*7475-T7351 da/dN
7475-T761 da/dN

Cervay, R. R., "Engineering Design Data for Aluminum Alloy 7475
in the T761 and 161 Condition', Report AFM-R-72-173, University
of Dayton Research Institute, Dayton, OH, Contract F33615-71-C-1054,
(September 1972).
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85543 7075-T651 da/dt
7079-T651 daldt
7079-T651(+50 HPR at 320F) daldt
7178-T651 daldt
7178-T7651 da/dt

Speidel, M. 0., "Current Understanding of Stress Corrosion Crack
Growth in Aluminum Alloys", from The Theory of Stress Corrosion
Cracking in Alloys, the Proceedings of a Research Evaluation
Conference, J. C. Scully (Editor), Published by NATO Scientific
Affairs Division, Brussels, Belgium (1971),

85631 22194T87 KIc
2219-T87 (-300F 1OOHR) Kc

Thatcher, C. S,, "Fracture of Aluminum Alloy 2219-187", Report
SD 72-.SH-0129, Space Division, North American Rockwell, Los Angeles,
CA, (November 1972).

85836 2024-T1851 KIc 7075-T73651 Kc
2024-T852 KIc 7075-T73511 KIc
2219-T851 KIc 7075-T73652 Kic
2219-1852 K1 C 7075-T7651 KIc
7049-T7352 I

"B-1 Fracture Toughness Data (K (sub 1c)) - Rockwell International",
Rockwell International Corporation, Los Angeles, CA, (April 24, 1973).

85837 2024-T851 cia/dN 7050-T7351 da/dN
2024-1852 da/dN 7050-17351 da/dN
2219-T1851 da/dN 7075-17651 da/dN
2219-T8511 da/dN 7175-173652 daldN

*2219-T852 da/dN

"Fracture Toughness Data Collection, Rockwell International
Corporation, from B-1 Program", Rockwell International Corporation,
Los Angeles, CA (April 1973).

85880 7050-T736 KIC
7175-T736 KIc, daldN

Garland, K., "Evaluation of X7050-T736 Die Fo-rgings", Report 511--
L31.10, McDonnell Aircraft Company, McDonnell Douglas Corporstion,
St. Louis, MO, (February 20, 1973).

86088 7075-T6 da/dN
% 7178-T6 da/dl

Hudson, C. M., and Newman. J. C., Jr .,' "Effect of Specimen Thickness
on Fatigue-Crack-Growth Senavior and Fracture 7ouzhness of 7075-T6,
and 7178-T6 Aluminum Alloys", Report NASA TN D-7173, Langley
Research Center, Hamptnn, VA (April 1973).

86210 2024-T852 K1.
7075-T73511 Kjc

67075-T7651 Kjc
7075-T76511 KIC

"Rockwell international, B-1 Fracture Toughness Data on Titanium
and Alumii~um Alloys of June 4, 1973", Rockwelil International, Los
Argeles, :A, (June 4, 13).
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86212 2024-T3 da/dN
7050-T736 Kt,, KIscc
7075-T76511 KIC, Kiscc
7475-T61 da/dN
7475-T761 da/dN, da/dt
7475(ALCLAD)-T61 da/dN
7475(ALCLAD)-T761 da/dN

McCarty, J. E., et al., "Materials Fracture Data From the Advanced
Metallic Structures: Cargo Fuselage Design for Improved Cost,
Weight and Integrity", The Boeing Company, Seattle, Washington,
Contract F33615-72-C-1893 (June 15, 1973).

''86213 2014-T6 KI,, Kc, da/dN 7075-T6510 KIc

2014-T61 Kc 7075-T6511 KIC
2014-T611 KIC 7075-T73 KIc, IKc
2014-T651 KIc. KC 7075-T7351 KIC, Kc
2020-T6 KIc, Kc 7075-T73510 KIc
2020-T651 KIc, Kc, da/dN 7075-T73511 KIc
2020(ALCLAD)-T6 Kc 7075-T7352 Kic
2021-T8151 Kic 7075-T76 KIc, IKc
2024-T3 Kc, da/dN 7075-T7651 KIC, K,
2024-T351 Kic, IKc 7075-T7651 (SP) Kic
2024-T36 IKc 7075-T76511 IN2024-T6 Kc 7075(ALCLAD)-T6 da~d
2024-T81 Kc 7075(ALCLAD)-T7651 KIC
2024-T851 KIc, Kc 7079-T6 KIc, Kc
2024-T852 Kic 7079-T651 Kic, Kc
2024-T86 IKc 7079-T652 KIc
2024(ALCLAD)-T3 IKc, da/dN 7079(ALCLAD)-T6 IKc
2024(ALCLAD)-T86 Kc 7080-T7 KIC
2124-T351(417) KIC 7175-T66 Kic '

2124-T851 Kc 7175-T73 Kjc
2124-T851 (SP) KIc 7175-T7352 Kjc
2124-T851 (417) KIC 7175-T736 Kic
2214-T651 ICIc 7175-T73652 KIC
2214-T651 (417) Kic 7178-T6 K~

%2219-T8l 7178-T651 Kic, Kc
2219-T851 Kic, 'Kc 7178-T7651 Kic, IKc, da,

*2219-T852 KIC 7178-T76510 Kic, da/dN
%2219-T87 KIc, IKc 7178-T76511 Kic

2618-T61 Kc, 7178(ALCLAD)-T6 Kc
2618-T651 Kic 7178(ALCLAD)-T76 Kc
6061-T6 Kc 7475-T6 Iic

P6061-T651 Kic, Kc 7475-T61 Kc
7001-T75 Kic, Kc 7475-T651 Kjc, da/dN
7005-T6 IKc 7475-T651 (SP) ICjc
7005-T6351 Kic, IKc 747 5-T73 Kic
7049-T73 Kic 7475-T7351 KIc
7049-T7351 Kic 7475-T7351 (SP) Kc
7049-T7352 Kic 7475-T736 Kic
7050-T6 da/dN 747 5-T76 da/dN
7050-T7352 Kic 7475-T761 Kc
7050-T736 Kic 7475-T7651 Kic
7050-T73651 KIC 7475-T7651 (SP) Kic
7050-T73652 ICc 7475(ALCLAD)-T73 Kc
7050-T76 da/dN 7475(ALCLAD)-T731 K c
7050-T76511 Kic 7475(ALCLAD)-T761 IKc, da/dN
707-T6 IKc, da/dN 7475(ALCLAD)-T761 Kc, ad

7075-T651 Kic, IKc

Wygonik, RL. HI., "Compilation of Fracture Mechanics Data", Aluminum
Company of America, Alcoa Research Laboratories, New Kensington, PA,
Subcontract on F33615-73-C-5051 (June 12, 1973).
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II..>86429 2024-T851 Kic
7050-T73651 KtC

"Fracture Toughness Data", Progress Report on, Materials Test Program,
General Dynamics Corporation, Fort Worth Division, Fort Worth, TX,
Contract F33615-72-C-2149 (Received July 6. 1973).

86493 7050-T73651

Deel, 0. L., Ruff, P. E., and Mindlin, H., "Engineering Data on New
Aerospace Structural Materials", Report AFML-TR-73-114, Battelle-
Columbus Laboratiries, Columbus, OR, Contract F33615-72-C-1280
(June 1973).

86574 7050-T73651 KI,
7050-~T7651 KIC
7475-T7651 KIc

Figge, F. A., and Wells, R. R., "Advanced Metallic Structure: Air
Superiority Fighter-Wing Design for Improved Coat, Weight and Integrit-
Report No. AFFL-TR-73-5Z, Volume III, Northrop Corporation. Aircraft
Division, Hawthorne, CA, Contract F33615-72-C-1891 (June 1973),
with original data for da/dN tests.

86575 2024-T81 da/dN
~.1 7075-T76 da/dN

"Rockwell International, B-1 Program, da/dN Data, Center-Cracked
Tension Specimens", Lockheed California Company, Burbank. CA,
Report LR25152 (Received July 1973) (Memo from E. W. Cawthorne
dated July 10, 1973).

86688 20J4-T651 Kc 2219-T87 KIcs Kjscc
2021-T81 Kiscc 6061-T651 KIc, Klscc
2024-T351 Klscc 7075-T651 Klscc
2024-T851 Klcc 7075-T7351 Kiscc
2219-T37 KIscc 7079-1651. Klscc

Sprawls, D. 0., at aI., "Evaluation of Stress-Corrosion Cracking
Susceptibility Using Fracture Mechanics Techniques", Final Report,
Part 1, Aluminum Company of America, Alcoa Technical Center, Alcoa
Center, PA, Contract NASB-21487 (May 31. 1973).

86734 2014-T6 da/dN 2618-T81 da/dN
2024-T3 Kc 7075-T6 Kc
2024-T351 Kc 7075(ALCLAD)-T6 Kc
2024-T4 Kc 7079-T6 da/dN
AO24-T81 KcO da/dN 7079-T651 da/dN
2024(ALCLAD)-T3 Kc

Smith, S. H., "Fracture Mechanics Application to Materials Evaluation
and Selection for Aircraft Structure and Fracture Analysis". Report
No. D6-17756, The Boeing Company, Commnercial Airplane Division,
Renton, Washington (July 19, 1966).
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86842 2124-T851 da/dN
7049-T73 da/dN
7175-T736 da/dN
7475-T61 Kc, da/dN
7475-T761 Kc, da/dN
7475(ALCLAD)-T61 Kc

Babilon, C. E., et al., "Mechanical Properties, Fracture Toughness,
Fatigue, Environmental Fatigue Crack Growth Rates and Corrosion
Characteristics of High-Toughness Aluminum Alloy Forgings, Sheet
and Plate", Report AFML-TR-73-83, Alcoa Research Laboratories,
New Kensington, PA, Contract F33615-71-C-1571 (April 1973).

86844 7050-T7351 da/dN
7050-T73651 da/dN
7050-T7651 da/dN

"Crack Growth Rate Data Generated Under USAF Contract F33615-72-C-
2165", Lockheed Aircraft Corporation, Lockheed-Georgia Company,
Marietta, GA, Contract F33615-72-C-2165, Data sheets received from
AFFDL August 13, 1973.

87398 2024-T3 da/dN

Ellis, R., "Fracture Mechanics Studies of Fatigue Crack Propagation
in 2024 Aluminum Alloy Panels Containing Transverse Slits", Report
No. ARL/SM 379, Australian Defence Scientific Service, Aeronautical
Research Laboratories, Melbourne, Australia, Department of Supply

(August 1972).

88140 7075-T651 Kic, da/dN
7475-T651 da/dN

N . Hall, L. R., Finger, R. W., and Spurr, W. P., "Corrosion Fatigue
Crack Growth in Aircraft Structural Materials", Report AFML-TR-
73-204, Boeing Aerospace Company, Seattle, WA, Contract AF33615-

4,-' 71-C-1687 (Septmber 1973).

88174 7050-T73651 IC, da/dN

Jones, R. -., abd Fudge, K. A., "Engineering Design Data for
Aluminum Alloy 7050-T73651 Plate", Report AFML-TR-73-269, Univeristy
of Dayton Research Institute, Dayton, OH, Contract F33615-72-C-1282
(November 1973), with supplementary data supplied by Russell R.
Cervay on March 20, 1974.

88186 7050-T7351 KIc

"Selected Pages from Materials Section of Final Report on Cargo/

Tanker Phase IA (AFFDL-TR-73-51) and Lockheed Report sm 378",
Summary Report, Lockheed-Georgia Company, Marietta, GA, Contract
F33615-72-C-2165 (February 8, 1974).

88468 2219-T851 da/dN

Bell, P. D., "Data Sheets for Constant Amplitude Crack Growth
Data Generated by Grueman Aerospace Corporation for 2219-T851
Aluminum and Mill Annealed 6A1-4V Titanium Alloy Plate", in letter
to J. E. Campbell from Grumman Aerospace Corporation. Bethpage,
NJ, Contract F33615-72-C-1744 (March 15, 1974).
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"~,' ~88578 2024-TS61 da/dN

Demonet, R. J., "2024-T861 Aluminum Fracture 4echanics Test Data",
Report LTR 9991-4076, Space Division, Rockwell International
(January 1974).

88579 2024-T851 da/dN 7075-T73511 da/dN
2024-T852 da/dN 7075-T7352 da/dN
2219-T851 da/dN 7075-T7651 da/dN
7050-T73 da/dN 7075-T76511 da/dN
7050-T73651 da/dN 7175-T73652 da/dN
7075-T7351 da/dN

"B-1 Program daldN Data for Aluminum Alloys", Rockwell International
Corporation, memorandum to H. D. Moran from E. W. Cawthorne, Battelle's
Columbus Laboratories (April 3, 1974).

88700 606L-T6 Klscc

* .4 Gilbreath, W. P., and Adamson, M4. J., "The Stress Corrosion Susceptibility
of Several Alloys in Hydrazine Fuels", NASA Technical Note, Report NASA

'4, TN D-7604, Ames Research Center, Moffett Field, CA (February 1974).

88742 2124-T851 KIc

Fudge, K. A., and Jones, R. E., "Engineering Design Data for
Aluminum Alloy Z124-T851 Thick Plate", Report AFML-TR-73-310,

~ .' University of Dayton Research Institute, Dayton, OH, Contract
F33615-72-C-1282 (January 1974).

90011 2024-T351 KIC
%j 2024-TS51 K1c

2024-T852 KIC
2219-T851 KIC
7075-T7651 KIc

"Rockwell International, B-1. Program Fracture Toughness Data of
August 5, 1974"1, with memorandum from E. W. Cawthorne to H. D. Moran
of Battelle's Columbus Laboratories, (August 5, 1974).

90981 2024-T851 Y,,, da/dN

Krupp, W. E., Wimer, F. T., Pettit, D. E., and Hoeppner, D. W.,
Data Sheeto for Final Report on "Investigation of the Effects of

:.V: Stress and Chemical Enviroents on the Prediction of Fracture in
~ '-'Aircraft Structural Materials", Rye Canyon Research Laboratory,

Lockheed-California Company, Burbank, CA, Contract F33615-71-C-1688,
data sheets received October 21, 1974.

*91123 7050-T736 KIc
7075-T76511 KIc

McCarty, J. E., et al., "Advanced Metallic Structure: Cargo
Fuselage Design for Improved Cost, Weight, and Integrity", Report
AFFDL-TR-73-53, Boeing Commercial Airplane Company, Seattle, WA,
Contract F33615-72-C-1893 (June 1973).

91332 7050-T736 da/dN
7050-T73651 d&/dN
7050-T7651 da/dN

S7475-T631 da/dN
7475-T7651 da/dN

lop Wells, R. R., "New Alloys for Advanced Metallic Fighter-Wing Structures",

IV Northrop Corporation, Aircraft Division, Hawthorne, CA, AIAA/ASME/SAE~*w .. '\15th Structures, Structural Dynamics and Materials Conference,
Las Vegas, NV (April 17-19, 1974)
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ALOOI 2048-T851 Kic, da/dN
2219-T852 KIc, da/dN
7050-T7351 KIC, da/dN
7475-T7351 da/dN

Brownhill, D. G., et al., "Exploratory Development for Design Data
on Structural Aluminum Alloys in Repres.ciataive Aircraft Envirornents",
Alcoa Laboratories, Alcoa Center, PA, Contract No. F33615-74-C-5089,
Report No. AFML-TR-77-102, July 1977.

AL002
2020-T651 da/dN
7075-T6510 da/dN
7075-T73,10 da/dN
7475-T651 da/dN

Data Sheets Containing Fatigue-Crack Growth Rate Data Near the
Threshold on Aluminum Alloys 2020, 2024, and 7475, sent from
R. J. Bucci, Aluminum Company of America, ATC, February 1982.

AL003 7475-T651 da/dN

FCGR Data Sheets for Aluminum Alloy 7475-T651 Plate, Received from
R. J. Bucci, Aluminum Company of America, Alcoa Laboratories,
August 1982.

AL004 7050-T76511 da/dN

FCGR Data Sheets on Aluminum Alloy 7050-T76511 and T73511, Received
from R. J. Bucci, Aluminum Company of America, Alcoa Laboratories,
August 1982.

AL005 7075-T651 da/dN
7075-T6510 da/dN
7075-T7351 da/dN

7075-T73510 da/dN

FCGR Data Sheets on Aluminum Alloy 7075- Conditions T651, T6510,
T7351, T73510, Plates, Bars, and Extrusions; Received from R. J.
Bucci, Aluminum Company of America, Alcoa Laboratories, August 1982.

AL006 7050-T73511 da/dN

FCGR Data Sheets on Aluminum Alloy 7050-T73511 Extrusions, Received
from R. J. Bucci, Aluminum Company of America, Alcoa Laboratories,
August 1982.

ALO07 7050-T7351X da/dN

FCGR Data Sheets on Aluminum Alloy 7050-T7351X Extrusions, Received
from R. J. Bucci, Aluminum Company of America, Alcoa Laboratories,
August 1982.

AL008 7050-T7651X da/dN

FCGR Data Sheets on Aluminum Alloy 7050-T7651X Extrusions, Received
from R. J. Bucci, Aluminum Company of America. Alcoa Laboratories,
August 1982.
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AL009 7475-T7351 da /d0

FCGR Data Sheets on Aluminum Alloy 7475-T7351 Plate, Received from

R. J. Bucci, Aluminum Company of America, Alcoa Laboratories,

August 1982.

ALOIO 2024-T351 da/dN

FCGR Data Sheets on Aluminum Alloy 2024-T351 Plate, Received from
R. J. Bucci, Aluminum Company of America, Alcoa Laboratories,
August 1982.

AL011 2324-T39 da/dN

FCGR Data Sheets on Aluminum Alloy 2324-T39 Plate, Received From
R. J. Bucci, Aluminum Company of America, Alcoa Laboratories,
August 1982.

5,AL012 7050(ALCLAD)-T76 da/dNI

FCGR Data Sheets on Aluminum Alloy 7050-T76 (ALCLAD), Received
from R. J. Bucci, Aluminum Company of America, Alcoa Laboratories,
August 1982.

AL013 7050-T73651 da/dN

FCGIR Data Sheets on Aluminum Alloy 7050-T73651 Plate, Received
from R. 3. Bucci, Aluminum Company of America, Alcoa Laboratories,
August 1982.

AL014 7150-T651 da/dN

FCGR Data Sheets on Aluminum Alloy 7150-T651 Plate, Received from
R. J. Bucci, Aluminum Company of America, Alcoa Laboratories,
August 1982.

AL015 7050-T73651 Kic
7050-T73652 KIc, da/dN
7050-T76 da/dN

PCGR Data Sheets on Aluminum Alloy 7050-T73651 Plate and 7050-T73652
Forging, Received from R. J. Bucci, Aluminum Company of America,
Alcoa Laboratories, August 1982.

BLOQI 7010-T73651 KIC, Ktscc

Deal, 0., "Engineering Data for New Aerospace Materials", Battelle's
Columbus Laboratories, Columbus, OH, Contract No. F33615-78-C-5040,
Report No. AFWAL-T.R-80-4103, July 1980.

*BL002 2124-T851 d&/dN
7075-T7351 ds/dN
7475-T7351 daldN

Ruff, P. E., and Smith, S. H.. "Development of Mil-ltdbk-5 Design
Allowable Properties and Fatigue Crack-Propagation Data for Several
Aerospace materials", Battelle's Columbus Laboratories, Columbus, OH,
Contract No. ?33615-75-C-5063, Report No. AFMU-TR-77-162, October 1977.
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TABLE 7.15 (Cont)

BWOO I 2014-T6 da/dN
2024-T3511 da/dN
7075-T6 da/dN
7075-T6511 da/dN
7079-T6 da/dN

*7178-T6 da/dN

Horsley, J. J., and Harris, C. E.., "Durability and Damage Tolerance
Assessment (DADTA) of B-52 GIN Structures, Task 11, Damage Tolerance
Assessment Final Report". Boeing Company, Wichita, KS, Contract .4o.
F!4601079-C-1515, Document No. D3-11560-3 June 1980.

BW002 2024-T351 da/dN
7075-T6 da/dN
7178-T6 da/dN

Lambert, G., Mechem, P., and Mab, T., "Durability and Damage
Tolerance Assessment (DADTA) of B-52 GIN Structures, Task 111,
Individual Airplane Crack Growth Tracking Program", Boeing Company,
Wichita, KS, Contract No. F34601-79-C-2258, Document No, D3-11560-6,
November 1981.

BWOOS 2024-T3511 da/dN

Watson, K. R., "Weapons gay Durability and Damage Tolerance
Analysis", The Boeing Company, Wichita, KS, Contract No. F33657-78-C-

4. 0108-PZ0036, Document No. D361-40041-1, September 1980.

BO7 2024-T3511 KIC

Hananal, A., Watson. K., Knoff, K., and Sherrick, G., "Fracture
Mechanics Testing of B-52/C'I Materials", Final Test Report, The
Boeing Company, Wichita, KS, Contract No. F33657-78-C-0108-PZ0036,
Document No. 0361-11197-L, December 1978.

DADOl 2024-T351 R-curve, da/dN
7075-T6511 R-curve, da/dN
7475-T7651 R-curve, da/dN

Fatigue Crack Growth Rate Data Sheets on Aluminum Alloys 2024, 7010,
7050, 7075 and 7475, Stainless Steel Alloys 17-4PH and 17-7PH,
and Alloy Steels 4340, A286, H-11, H7-180 and 12-9-2, Sent from
Paul Ablkis, Douglas Aircraft Company, McDonnell Douglas Corporation,
Long Beach, CA, March 1982.

EPHOI 2024-T3 da/dN
7075(ALCLAD)-T6 da/dN

Mackay, T. L., "Fatigue Crack Propagation Rate at Low Delta K
of Two Aluminum Sheet Alloys - 2024-T3 and 7075-T6", Engineering
Fracture Mechanics, Volume 11. p 753-761, 1979.

FROOI 2024-T3 da/dN
2024-T351 da/dN

* Fatigue Crack Growth Rats Data on 2024 Aluminum Sheet and Plate,
Data sent from J. Arrighi, Fairchild Republic Company. Farmingdale.
NY, March 4, 1982.

;,DOO1 Kaarlela, W. T., and 'Nordquist, F. C., "Precision Aluminum Forgings
Teat Program for the F-16 Airplane", General Dynamics, Fort Worth
Division, Report No. 16 PR678, April 1978.

'4
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TABLE 7.15 (Cont)

GDO02 7175-T7354 da/dN

V. Kaarlela, W. T., and Nordqu13t, F. C., "Crack Growth Rare (da/dN)
.1*.*Characteristics of 7175-T7354 Bulkhead Forgings", General Dynamics,

Fort Worth Division, Report No. 16 PR721, June 1977.

GDO03 2124-TB51 KIc, da/dN

Kaarlela, W,. T., "2124-T851 Metals Allowables Testing", Ge-ieral

Dynamics, Fort Worth Division, Report 16 PR850, October 1978.

GrjOO4 2024-T62 da/dN
2024-T81 da/dN

Wolnaski, Z. R., "2024-T81 and -T62 0.125-Inch Sheer Metal Allowables",

--N General Dymnics, Fort Worth Division, Report No. 16 PR853, October 1978.

GDO05 2024-T62 Kc. R-curve
2024-T81 Kc. R-curve
7475-T7351 Kc, R-curve
7475-T7651 Kc, R-curve

Margolis, W. S., and Nordquist, F. C., "Plane Stress Fracture
Toughness (Kc) of Aluminum Alloy 7475- One Half Inch Plate Tempers
-T7651 and -T7351 and of Aluminum Alloy 2024 - One Eighth Inch Sheet
-T81 and -T62 Temper", General Dynamics, Fort Worth Division, TX,
Report No. 16 Pft889, February 1978.

CDO06 7475-T7351 KIC, da/d, K
* .,..7475-T7651 da/dN, Klscc

Margolis, W. S., "7-16 Material Test Allovables for Aluminum Alloy
7475, 3.0"1 Plat, -T7351 Temper and 0.5" Plate (92" Width) -T7651
Temper and -17351 Temper", General Dynamics, Fort Worth Division,
Report No. 16 PR926, April 1978.

GDO08 7075-T73 da/dN

Margolis, W. S., "7-16 Material Test Allovables of Aluminum Alloy
Forgings 7075-T73 and 7049-T73", General Dynamics, Fort Worth
Division, Report No. 16 PR956, July 1978.

GOI 2124-T851 Kit Kc. R-curve
7475-T7351 I Kc, R-curve

Margolis, W. S., "Plane Stress (Kc) Fracture Toughness of Thin
% Elements from Thick Plate of 2124-T851 and 7475-T7351 Aluminum

Alloys", General Dynamics, Fort Worth Division, Report No. 16 PR1287,
October 1979.

LGOOI 7175-T73511 K~c, Kc, Kisct

Carter, F. 3. et al., "C-SA Wing Modification Program - Material
Characterization Program -7175-T73511 Extrusions Final Report",
Lockheetd-Georgia Company, Marietta, GA, Contract No. F33657-75-
C-OilS, Report No. LG75ER 0186-2, September 1977.

LGO02 7050(ALCLAD) -176 Kc
7475(ALCLAD)-T61 Kc

Fuselage Materials Tests -K. Data on Aluminum 7050-T76 and
7475-T61 Materials - sent from E. J. Batch, Lockheed Georgia
Company, Marietta. GA, October 1982.
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TABLE 7.15 (Cont)

LG003 7175-T73511 KI,
7175-T76511 KIC

%Wysonik, R.H. Evaluationfof the R-curve for Fracture Toughness
Qualty ssuanc Tetin ofThin 7175 Aluminum Extrusions', Alcoa

Laboratories, Alcoa Center, PA, for Lockheed-Georgia, Contract
PO-RW18554, December 1981.

HAOO2 2124-T851 KIC, da/dN
7175-T73652 KIC, daldN

Fracture Toughness of Ti-6A1-4V Plate and Forging, Aluminum 2124-
T851 Plate and 7175-T73652 Forging and Fatigue Crack Growth Rate
for Ti-6A1-4V Plate and Forging, Ti-6A1-6V-2Sn Extrusion, Aluminum
2124-TS51 Plate and Aluminum 7175-T73652 Forging, Data submitted
by D. L. Rich of McDonnell Aircraft Company, St. Louis, MO,
Attachment #2, Received March 12, 1982.

4AO05 7050-T7651 da/dN, Klscc
7075-T7351 KIc, da/dN, Ktscc
7175-T73652 KIc, daldN, KIscc
7475-T7351 KIC. Klscc

Garland, K., and Krieg, J. F., "Final Report - Basic Fracture
Data for F-18 Materials", McDonnell Aircraft Company, St. Louis, MO,
Report No. 3 NA-66-7KW, Attachment #5S, March 1977.

MA006 7075-T7351 da/dN

Garland, K., and Krieg, J. F., "Evaluation of the Effect of Material
Cyclic Softening and Hardening on Crack Initiation Life and Crack
Growth, with and without Overloads, as a Function of Stress Ratio',
McDonnell Aircraft Comapny, St. Louis, NO, April 2978.

MA007 7049-T7351 da/dN
7075-T6 da/dN

e. Garland, K., and Krieg, 3. F., "Enviroment Load Interaction Effects
on Crack Growth!', McDonnell Aircraft Company, St. Louis, MO,
Report No. 703-116, June 1978.

."MA0O8 7075-T6 da/dN
.4 7075-T651 da/dN

Garland, K., and Krieg, J. F., "Evaluation of Stress Level Effects
Under Plane Stress and Plane Strain Conditions", McDonnell Aircraft
Company, St. Louis, MO, Report No. TR 301-346, TM 256-5597, July 1979.

MA009 7075-T6 da/dN

%: 7075-T651 da/dN

Garland, K., and Krieg, J. F., "Evaluation of Crack Growth Gages
for Service Life Tracking Program', McDonnell Aircraft Company, St.

% Louis, MO, Report No. TR 703-325, TM 256-5298, December 1978.

MA011 7075-T651 KIc, da/dN
4.7075-T7352 KIC, da/dN
ON7079-T6 da/dN
.1 7178-T651 da/dN

"Final Report, F/RF-4C/D Damage Tolerance and Life Assessment
Study - Volume 11", McDonnell Aircraft Company, St. Louis, MO,
Contract No. AFSC F33657-73-A-0062, Report No. MDC A2883, February 197
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TABLE 7.15 (Cdnt)

~, K::.MAO!? 7075-T651 Kic da/dN

7075-T7352 K1Ic da/dN

7178-T76 a%

"Model F-4E Slatted Airplane Fatigue and Damage Tolerance Assessment,
Volume II", McDonnell Aircraft Company, St. Louis, MO, Contract No.
F33657-73-A-0004-0015, Report No. MDC X3390, July 1975.

MD001 2219-T851 KIC
2219-T852 KIc

Davis, R. J,, and Rowe, R. A., "Mechanical Properties of SRR
Rolled-Ring Forgings and Large Hand Forgings", McDonnell Douglas
Astronautics Company, Huntington Beach, CA, Report MDC G8545, June 1980.

* PCO1 2024-T851 KIC 7075-T7651 Kic
2024-T8510 Kic 7075(ALCLAD)-T765 1 KIC
2124-T851 KIc 7079-T651 KIc
2219-T851 KIc 7079-T851 K ic
2419-T851 KIC 7175-T76511 KIc

%17075-T651 Kic 7178-T7651 KIC
7075-T6510 KIC 7475-T651 KI
7075-T6511 KI7475-T7351 Ki
7075-T7351 KIC

Collis, S. F., et al., "Fracture Toughness Data Bank for Aluminum
Alloy Mill Products", Aluminum Company of America, Alcoa Laboratories,
Alcoa Center, PA, Data Submitted by Alcoa, Reynolds Metals, Kaiser
Aluminum, and Martin Marietta Aluminum and Prepared for Metal

.. *' .. ,Properties council, Inc., August 1979.

% MR01 7O75-T651 da/dN
7075-T7351 KIC, da/dN

X7090-T7E69 da/dN
X7091-T7E70 da/dN

"Damage Tolerant Test Data on X7090, X7091, and 7075 Aluminum",
Materials Research Laboratory, Inc., Glenwood, IL, Under Contract

- to ARRADCC(, (DAAK1O-79--C-0278), Received June 1982.

NCOOI 7050-T736 KIc
7050-T73651 Kic

% ~7149-T73511 KIc
1. Plane Strain Fracture Toughness Data Sets on Aluminum, Steel and

Titanium Alloys, Data Sent from P. C. Porter of Northrop Corporation,
March 1, 1982.

NCO02 7050-T736 da/dN
7050-T73651 da/dN
7075-T7351 da/dN
7149-T73511 da/dN

Fatigue Crack Growth Rate Data on Aluminum, Steel and Titanium
Alloys, Data Sent From P. C. Porter of Northrop Corporation,

March 1, 1982.

% 1%NCO03 2024-T851 K~c ad
2124-T851 KIc. da/dN
7050-T73651 Kic
7075-T7351 KIC, da/dN

Chanani, G. R., et al., "Methodology for Evaluation of Fatigue
Crack-Grovth Resistance of Aluminum Alloys Under Spectrum Loading",
Northrop Corporation, Aircraft Division, Hawthorne, CA, Contract
No. N00019-80-C-0427, April 1982.
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TABLE 7.1a (Cont)

RAOO I 2124-TB51 KIC :

iuarnarv of Plane-Strain Fracture Toughness and Notch-Tensile
7ests-Revnolds Metals Company, Metallurgical Research Division,

Richmond, VA, Project 36-KFP-3M04, September L978 - June 1980.

Suar f laeStan ratreTognesand Notch-Ten -. Tets
Reynlds etal Comany, Metallurgical Research Dio s tod

VA,~Mrc Pr978c -P Nooemee 1971978

Sumar o PlneStainFrctre ouhnssand Notch-TenileTss
TssReynolds Metals Company, Metallurgical Research Diviin Rihnd
RcmnVA, Project 3 8KFN-7475 Alloy, ugust 197 -Decembe 197

RA004 7475-T7351 KIC

Summary of Plane-Strain Fracture Toughness and Notch-Tensile Tests-
Reynolds Metals Company, Metallurgical Research Division, Richmond,
VA, Project 37-KFN-37475 Alloy, Mayus 1980.Deebr 97

RA005 7475-T7351 ICc

Summary of Plane-Strain Fracture Toughness and Notch-Tensile Tests- ~i
Reynolds Metals Company, Metallurgical Research Division, Richmond,
VA, Project 38-KFP-M-7475 Alloy, etMber 1977 Noebr.97

RA006 7475-T7351 I

Summary of Plant-Strain Fracture Toughness and Notch-Tensile Tests-
Reynolds Metals Company, Metallurgical Research Division, Richmond,
VA, Project 38-MF-7475 Alloy, 1977. r197 Nvebr 97

RA007 7475-T73651 Kic

1.!.4 Summary of Plane-Strain Fracture Toughness and Notch-Tensile Tests-
Reynolds Metals Company, Metallurgical Research Division, Richmond,N ~ ~~~VA, Project 37-KFP-7475 Alloy,-T77.1 Jnay 9~

RA008 7050T73651 Kic

Summary of Plane-Strain Fracture Toughness and Notch-Tensile Tests-
Reynolds Metals Company, Metallurgical Research Division, Richmond,
VA, Project 37-KFP-7050 Alloy-T73651, 1977. 17R

RA009 7050-T73651 KIC

Susmary of Plane-Strain Fracture Toughness and Notch-Tensile Tests-
Reynolds Metals Company, Metallurgical Research Division, Richmond,
VA, Project 37-KFN-7050 Alloy-T73651, 1977.
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TABLE 7.15 (Cant)

R1002 7178-T651 da/dN

Data Sheets Containing Fatigue Crack Growth Rate Data on 7178-7651
Aluminum Plate Supplied by J, Stolpestad, Rockwell International.
North American Aircraft Division, March 1982.

RI003 221 9-T851 da/dN

Cha,,g, J. B,, and Stolpestad, J. H., "Improved Methods for
Predicting Spectrum Loading Effects - Phase I Report, Volume 11
Test Data", Rockwell International Corporation, Los Angeles Division,
Los Angeles, CA, Report AFFDL-TR--79-3036. March 1978.

R1006 2024-T852 Kiscc 7075-T73 Kiscc
2124-T851 Ksc 7075-T7351Ksc
2219-T851 Kiscc 7075-T73511 Klc
7049-T7352 Klscc 7075-T7651 Kjscc
?050-T73651 Klscc 7175-T73652 Klscc

Ferguson, R. R., and Berryman, R. C., "Fracture Mechanics Evaluation
of B-1 Materials", Rockwell International, B-i Division, Los Angeles,
CA, Contract No. F33657-.70-C-0800, Report No. AFMff.-TR-76-137,
October 1976.

UD0002 7010-T73651 da/dN

* Cervay, R. R., "An Fmpirical Model for Loalir2, Ratio Effect on
Fatigue Crack Growth Rate Data", Univeristy of Dayton Research
Institute, Dayton, OH, Contract No. F33615-80-C-5011, Report No.
APWAL-TR-81-4140, November 1981.

ICI!UD003 7010-T73651 KIc, da/d4, Klscc

Cervay, R. R., "Mechanical Property Evaluation of Aluminum Alloy
7010-T73651", University of Dayton Research Institute, Dayton, OH,
Contract No. F33615-78-C-5002, Report No. AFWAL-TR-80-4094, July 1980.

UD004 2419-T851 KIc, da/dN

Ruschau, J. J., "Mechanical Property Data for Aluminum Alloy
2419-T851 Plate", University of Dayton Research Institute, Dayton,
OH, Contract No. P33615-74-.C-5024, Report No. AFKL-TR-75-136,
September 1975.

UD005 2124-T851 KIC, da/dN

Ruschau, J. J., "Complete Fatigue Crack Growth Rate Curves for
Aluminum Alloy 2124-T851 Including Typical Crack Growth Models",
University of Dayton Research Institute, Dayton. OH, Contract No.
F33615-78-C-5002, Report No. AFML-TR-78-155, November 1978.

110006 2024-T3 da/dN
707 5-T73 da/dN

Ruschau, J. J.,* "The Effect of Negative R-Ratio on Fatigue Crack
Growth Rate Properties for Aluminum 707 5-T73 and 2024-T3". University
of Dayton Research Institute, Dayton, OH, Contract No, F33615-78-C-
5002, Technical Memorandum UDR-Th-80-07, March 1980.
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TABLE 7.15 (C.:nt)

b7DOO9 2024-T351 da/dN

Cervay, R. R., "An Empirical Model for Load Ratio and Test .
Temperature Effects on the Fatigue Crack Growth Rate of Aluminum
Alloy 2024-T351", University of Dayton Research Institute, Dayton,
OH, Contract No. F33615-80-C-5011, Report No. AFWAL-TR-82-4025, -

March 1982.

UD010 2219-T851 da/dN

Miller, M. S., and Gallagher, J, P., "An Analysis of Several
Fatigue Crack Growth Rate (FCGR) Descriptions", University of
Dayton Research Institute, Dayton, OH.

WAOO1 7049-T73511 KIC
7050-T73511 KIC , da/dN

7075-T73511 Kic . da/dN

Petrak, G. J., "Effects of Purity Level on the Mechanical Properties
of 7000-Series Aluminum", Air Force Wright Aeronautical Laboratories
(AFWAL/MLSA), Air Force Systems Comand, WPAPI, OH, Project No.
2418. April 1980.
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CHAPTER 8

7000 SERIES ALUMINUM ALLOY SECTIONS

8.0 7000 Series Aluminum Material Summaries
8.1 7001
8.2 7005
8.3 7007
8.4 7010
8.5 7039
8.6 7049
8.7 7050
8.8 7050 (Alclad)
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TABLE 8.1.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.1.3.1 INDICATING EFFECT

OF ENVIRONMENT

* MATERIAL: ALUMINUM 7001
CONDITION: T75

DELTA K .DA/DN (10**-6 IN. /CYCLE)
* (KSI*IN**1/2)

*A B3 C D

* E- R T.
LAB AIR

A: 10 .34 83 13
DELTA K B:

MIN C:
D:

13.00 18, 1
.9 16.00 . 32.0

20.00 60.7

A. 2063 67.3
DELTA K B

MAX C:

ROOT MEAN SQUARE 4. 22
* . PERCENT ERROR

* LIFE 0. 0-0. 5
PREDICTION 0. 5-0. S

*RATIO 0.9-1.25 2
SUMMARY 1.25-2.0
(NP/NA) >2. 0

8.1-6



W.-f CONDITION/HT: T75 ALUM.
FORM: 0. 15"TH SHEET YIELD STRENGTH 72. 2 KSI ALLOY

aa SPECIMEN TYPE. CCP ULT. STRENGTH. 79.56 KSI

ORIETATON-L-TSPECIMEN THK: 0. 163'
-. :.STRESS RATIO: o-0.05 SPECIMEN WIDTH: 9. 010- 9. 030"70

A K (M PA V'7 -) AK (MPA V~
4 10 40 100 4 10 40 100

ENVIRONMENT: R.4.. rno NI IF T
LAB AIR

1021

103 100-

10- 2 10-2
U

10-3  10- E

10 _ __ _ _ 105 z__ _ _ _ _ _ _ _ _ _ _

100 s 10- -

1661

100-

100 10

10- 1 1 11 1- 16 8

1 4 10 40 1 4 10 40 10

ENVIRONMENT: 100 ENVIRONMENT:10

ld l 2

1010

o3  1

-2 
-

_10 10

>16 4U

U 10 10
C~1 0Eo

z ___5_ 5__ _ 1~

4
4

10 10'

10 10'

101.7

10810 .L.LL10.LJ.LLL 0 Ji-6 .... LI

*1 4 10 40 100 1 4 10 40 100
AK (KSI in)h K (K SI in)

Figure 8.1.3.1
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* .*.~,TABLE 8.2.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.2.3.1 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 7005
CONDITION: T6

* *. ENVIRONMENT: R T., LAB AIR

*-DELTA K DA/DN dO0**-6 IN./CYCLE)
(KSI*IN**1/2)

A B3 C D

R=+0. 05

A. 6.18 1.78
*DELTA KB:

MIN C:

7.00 2.69
-8.00 3. 95

9.00 5.31
10.00 6. 74
13.00 . 11. 5
16.00 174
20.00 28.5
25.00 524

A: 26. 14 60. 3
DELTA K B:

MAX C:

ROOT MEAN SQUARE 12. 16
PERCENT ERROR

LIFE 0. 0-0. 5
*. PREDICTION 0. 5-0.89

RATIO 0.8-1.25 4
SUMMARY 1.25-2.0
(NP/NA) >2.0

9 8.2-4



t:%v.

CONDITION/HT: TS LM
FORM: 0. 15"TH SHEET YIELD STRENGTH: 49.0 KSI IALLOYI
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK: 0. 100- 0. 162"
FREQUENCY: 2. 00 SPECIMEN WIDTH. 3. 000- 14. 040' 00
ENVIRONMENT: R. T. *LAB AIR REFERENCES:86734

K.4 10 40 100 4 10 40 100
I f 111 11 11 1001 TT

STRESS RATIO= *0. 05 STRESS RATIO

10-1 10-1

_ 102 102

10O 10 u
b3  

3 E
z~1 10_ _ E

lu -51

10o 10~ -_ _ _z__ _

10-6 10

1~1 4 0 4 101 4 10 4 0

10 -10

10-8 10

1d l-2 -

10-110o

10' 3 _ _ _ _ 0
100 -2 10-2_ _

13  
10 E

o-10-4--

i- 5O-5

70~ o. 10 1
14 440 4 0 0 4 0

101
~~ ~ .:lo- 5' lo 5 . ....
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TABLE 8.4.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.4.3.1 INDICATING EFFECT

OF ENVIRONMENT
.. .-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MATERIAL: ALUMINUM 7010
CONDITION: T736s51

DELTA K :DA/DN 10-6IN. /CYCLE)

(KSi*IN**1/2) a
A B C D

E= R.I. E=+ 250
LAB AIR AIR

A: 5.00 .386
DELTAKB: 3.73 .186

MIN c:
D:

4.00 .253
5.00 .648
6.00 .866 1.60
7.00 2. 11 3.70
8.00: 3.98 7.80
9.00 : 6.40 13.9
10.00 : 9.21 20.4
13.00 18.6 32.4
16. 00 27. 5 42. 5
20.00 36.0 84.5
25. 00 50. 0
30.00 74.7

A: 31.27 94.6
DELTA KB: 2 0.3 1 :91.0

MAX c:

ROOT MEAN SQUARE 12.77 7.88
PERCENT ERROR

* LIFE 0. 0-0. 5
*. PREDICTION 0. 5-0.8

RATIO 0.8-1 25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

8.4-4



CONDITION/HT- T73551ALM
FORM: 2.00OTH PLATE YIELD STRENGTH: 64. 4 SIALLOY
SPECIMEN TYPE, CT ULT. STRENGTH: 73. 7 KSI
ORIENTATION L-S SPECIMEN THK: 0. 300'
STRESS RATIO. -0. 10 SPECIMEN WIDTH: 1. 500" 71
FREQUENCY: 20.00-200H REFERENCES U0003

A K (M PA V./7ii) AK (MPA Vm)
4 10 40 100 4 10 40 100

ENVIRONMENT: R . 100 ENVI0 ONMENT.-.+ 250 F
LAB AIR AIR

1 2 _____________

10 -o

10 3 10

_ 1 2 -410 10

100

z 5z-

-4 -6

10 101

1 o5

10~ 161

o- 1-6 -1 0- 6

-08

1 4 10 40 100 1 4 0 4 0

© ENVIRONMENT.- 100 ENVIRONMENT: 100

12 
-62

103 io 1

10- 2 1012

U. U
_ _ _ _ 10 1- U

1 10

10 __ __ __-_ 10'~ z
4o -

V10 1

1 0 1 01 0

7S
10 1

106 106

10 ,1 -f l. lo- I I~ I I~ 1 . I
1 4 10 40 100 1 4 10 40 100

AK (KSI *rin) 6K (KSI 71)~
Figure 8.4.3.1

8.-



TABLE 8.4.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.4.3.2 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 7010
CONDITION: T736-5i
ENVIRONMENT: R T , LAB AIR

- DELTA K DA/DN (10**--6 IN. /CYCLE)
(KSI*IN**1/2)

R=,+O. 30 R=+O. 50 R=+0. 65 R=+0 80

A: 3. 39 : 1 5
-"- DELTA K B: 2.70 .141

MIN C: 3. 52- .430
D: 2.70 .167

3.00 202 357

3. 50 192 .259 864
4.00 240 .338 539 1. 55
5.00 .463 1.03 2.01 3.25
6.00 1.08 2.76 4.29 5.69
7. 00 2. 35 4. 86 6. 14 10. 3
8.00 : 4. 16 6.95 f3.5 3 13.8a
9.00 6. 11 9. 11 12. 1
10.00 8. 19 11.7 17.8
13.00 18.4 27.7

16.00 40.1

A: 16. 00 40.1
DELTA K B: 14.67 51. 9

MAX C: 12.66 58.5
D: 8.0 13.8

ROOT MEAN SQUARE 13.51 20. 48 18 00 21.76
PERCENT ERROR

LIFE 0.0-0 5
.0- PREDICTION 0. 5-0. 8

- RATIO 0.8-1 25
' St,~ Y 1. 25-20
." . (NP/NA) >2. 0

...............................



K- -7-- -w -..--

CONDITION/HT: T73551 ALUM.
FORM: 2. 00'TH PLATE YIELD STRENGTH 54. 4 KSI ALLOY

SPECIMEN TYPE: CT ULT STRENGTH 73. 7 KSI

... FREOUENCY 10.00- 20.00 HZ SPECIMEN WIDTH 1. 400" 71
JENVIRONMENT R.T.,LAB AIR REFERENCES.UD002 71

&K (MPA Vmi) &K (MPA
4 10 40 100 4 10 40 100

I___ 1 ___ 177 1___ 
____

1?STRESS RATIO -#0. 30 STRESS RATIO *-o0.50

10 -10

10 1000-~

10~ 10'

L 6 64
10 10 101 ,

10 10

601 10,

10 10

107 7
102 io10

10 6

10 1~ 1__ _ _ _ _ _ _ _ 1- 108 -1 U 1

10 1004 1014 104 0

10 10ld

10 100-1

10 101

10 100_______

10 E

101

H.4?

10 10,..-. . - - .-

- -. -. --. * -. ~10



% -ie.TAB3LE 8.4.3.3

-7ATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

D ArA - SSOCIATE11 WTrH FIGURE 8.4.3.3 INDITCATING EFFECT

* -. OF ENVIRONMENT

MATERIAL: AI.LiM]N -, ' 7010
CONDITION. T7i6 ri

DEL-TA K DA/DN (10**-6 IN. /CYCLE)

A B C D

F.R T. E=+- 250F E=+ 350F
A3 AIR AIR AIR

A.
DELTA K B: 3. 59 . 184

MIN C: 2.390 t 62

3.00 301
3.50 449
4.00 .531 ./25
5.0 0 250 .943 1. fi3
600 668 2. 13 3.60
7.00 .9178 4.29 6. 20
8.00 1.33 7. 12 9 .98

*9.00 1.91 10. 5 15. 6
10. 00 2. 63 14. 9 24. 1
13.00 9. 07 37. 9
16. 00 23. 5
20.00 56. 5

A: 23. 58 88. 6
DELTA K B: 14. 35 52.8

.A- MAX C: 10.,b7 32.2p

ROOT MEAN SQUARE 19. 41 16. 45 2 53
PERCENT ERROR

0LIFE 0. 0-0. 5
PREDICTION 0.5-0. 8

RATIO 0.8-1.25
NJ SUIARY 1.25-2.0

(NP/NA) >2. 0

* 8.4-8



CONDITION/HT. T73551 ALUM
FORM: 2. 00"TH PLATE YIELD STRENGTH: 64. 4 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 73. 7 KSI
ORIENTATION- L-T SPECIMEN THK. 0. 300"
STRESS RATIO -0. 10 SPECIMEN WIDTH. 1. 500" 71
FREQUENCY: 20.00- 25.00 HZ REFERENCESU002. UD003 71

&K (MP A X/m) AK (MPA V/mh)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. .. 100 ENVI O8NM NT 250 IF.
LAB AIR AIR

-2 1-2 ________

10 10-

100 00

10-2 10-2

3 -3 U

10- 1o E
E

S10 1

100, 10,
5

10~ 10~

1 ol6 10.

-8 _________ 10.-8 I I I

1 4 10 40 100_______ 1 4 10 40 100
4 \ = I 1I 11111 1 I II 1 +11 -7 1 1111r©! 'ENVIRONMENT. 4- 50 . 10 ENVIRONMENT: 100

AIR

102 -10- lo

100 10

U 4.4 u

10 1610

3Z;
10 10

10 i 6
- 0 10 10

4 -,
10 10 U1

10. 106

~1 410401014 10 4 0

0 8.

.............................................



TABLE 8.4.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.4.3.4 INDTCATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMI1NUM 7010
CONDITION: T73651.

* .DEl TA K DA/DN (l0**-6 IN. /CYCLE)
* (KSI*IN**1/P)

A B C D

E- R 1 E=+ 2t0F
LAB AIR AIR

A: 5. 43 0
DELTA K B: 5.75 3.45

MIN C:
D:

6.00 .760 3.99
7.00 1.69 6.39
8.00 3.28 9. 10
9.00 4.60 12.2
1000 6.03 15. 7
13.00 9. 10 31. 1
18.00 13.0
20. 00 22. 5

A: 24. 31 46. 1
DELTA K B: 15.48 54.5

MAX C:
D:

ROOT MEAN SQUARE 9.39 4. 95
PRCENT ERROR

LIFE 0 0-0 5
*- PREDICTION 0.5-0 8

** PATIO 0.8-1, 25
SUMMARY 1. 25-20
(NP/NA) 20

5 8.4-10



CONITIN/T: T73851ALM
FORM: 2. 00"TH PLATE YIELD STRENGTH: 62. 9 KSI ALY
SPECIMEN TYPE: CT ULT, STRENGTH: 73. 7 KSI
ORIENTATION- T-S SPECIMEN THK 0. 300"
STRESS RATIO: -0. 10 SPECIMEN WIDTH- 1. 500"71
FREQUENCY. 20. 00- 25. 00 HZ REFERENCES.UD003

&K (MPA A AK (M P A \
4 10 40 100 4 10 40 100

iai11f -+ I 111 jd I
ENVIRONMENT: R. 1..00 \ ENVIRO8NM NT:- 250 F.
LAS AIR 10AIR

10 - 10

110

10 2 1002

10 10?

C l 1 0'

4i 10- E

- 0 100-

10 10

1 4 10 40 10 14 1 4 0

100

-2- -2102I
10 101

s 0~ 10 -310' 3

52 -25
0 lo-4

10 4
10' -0 mo

i1o6

10 10-7

10'6 06
10 - 10

AK (KSI \/inf) 10&K (KSI VTn) 7
Figure 8.4.3.4

3.4-11



TABLIE 8. 4,

-AT It'E CR4,CK GROWTH RATEES 1T DEF 1N-ErD LFlJELS
Cb' z"TRESS INTENSITY FACTOjR

DAT. ASSOC IA rED WI!TH FAGURE 8.4.3.5 Ir-4DItC .TING EF;REF

F A- ENVIRONMENT

MATERIAL ALUM INI-1MI 70 t
CONDITION: T736'-,

DELTA K DA/DN (1O)**-6 IN /CYCLE)
(KSI*IN**/2

PC D

E - R.I. 2- 50

A. 4.31
DELTA K 8. 3. .3259

MIN C
D:

4. C' 330
5. 00 1.01
6. 00. .540 224
7. 00 .0,31 4. 13
S.0 i 49 6 81
9.0 3 13 10 4

10. 00 6 15 15 3
13. 00; 158 40 7
16.0 G 34, 3
20. 00 65 4

A: 200713
DELTA K B 1489 70 6

MAX C.
D:

ROOT MEAN SQUARE 15.05 22.86
*. PERCENT ERROR

LIFE 0.0-0.5
P REDICT ION 0. 5-0.89

RATIO 0.8-1 25
SUMMIARY 1. 25-2. 0
(NP/NA) >2. 0

H. 4-12



'4 CONDITION HT T73651ALM
FORM 2.00" TH PLATE YIELD STRENGTH 62. 9 KSI IALLOY
SPECIMEN TYPE CT ULT. STRENGTH 73. 7 KSI

ORIENTATION T-L SPECIMEN THK: 0. 300"___ I
STRESS RATIO +0. 10 SPECIMEN WIDTH 1. 5001700
FREQUENCY 20.00- 25.00 HZ REFER ENCESUO003

A K (M PA M/~) AK (MPA ,/M,
4 10 40 100 4 10 40 100

ENVIRONMENT R. .100 NIOMT 20F
LAB AIR AIR

10 -2

10 1001

10 10 10 2

u 2
102 10

(2101 - 31

3 -3
10 10

10 10 lot

10 10

1 0 - l0<"

10 10o

1 0 40 101 4 10 40 100

ENVIRONMENT: 10 @111 ENIONET 100

10 ENIRNMNT

00
10 10

-3 3__ _ _ _ _ __ _ _ _ _ _ _

01

4.4

10 102 10

10 10 3

z10
~10 -10, z

* 10 10~

10
10~ 10

*10 1 0*

10-6 106

iNK (KSI V/Win AK (KS I 1 'l

H. .4- 13
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TABLE8..1

q, ~'~DEDCRACK GROWTH RATES AT DEFINED LEVELS
OF F£TRESS INTENSITY FACTnR

fl;A:A -- SOCIATED WITH FIGURE 8.5.3.1 INDICATING E. ET

OF ENVIRONMENF

MATERIAL. ALUMIN'JM.O-~
; - CONDITION T64 --

K MAX DA/DT (1O**- IN/HOUR)
(KSIAIN**1/2)

A C

WET 3X/DAY WiTH
t)/7 NACL

A: Q.0G 857.
K MAX B

MIN C:
D.

9.00 . 1319.
10. 00 1834.
13. 00 3401.
16. 0 0 4682.
20. 00 5828.

25.00 6641.
30. 00 7125.
35. 00 7506.
40. 00 7898.

A: 43. 00 8165.
K MAX B:

MAX c:
D:

ROOT MEAN SQUARE 7. 74
PERCENT ERROR



* CONDITION/HT: T54ALM
FORM: 1.0"TH PLATE SPECIMEN THK: 1.0001ALO
SPECIMEN TYPE: DCB SPECIMEN wIDrH: 5.000"
ORIENTATIQN:S-L CRACK LENGTH (A0)
YIELD STRENGTH: K iscc:

-ULT. STRENGTH: REFERENCESB4284 73

K max (MPA V2Th K max (MPA VIM)
4 10 40 100 4 10 40 100

I I' I Ifil
-ENVIRONMENT: * Q ENVIRONMENT:

WET 3X/DAY WITH
po0- 3. 5%NACL n____ ____

10 101

10 10,

10 0 
100.

1010

10, 10 2

E
10 3o 021

1010

1010 10__ __ _ __ _ _ __ _ -1

1410 40 100 4 _ _ _ _ _ _ _ _ _ _ _ _

100 -3 0
100

1011 10 -

-1610 -10

1~0 1004 101 4 10 4 0

ENIONET 10 @ ENIRNMNT 10

10 10 E0

10210

ia-3  100
S010 - 10

10 10J10J~ 10010

10~ 10 40 10 ''4~ -- ' 1..
Km a ~KI yT) Kax (SI I3

10 10r'~.

10. 5-S-
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TAILi- 8.6.3.1

-FIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA :SSOCIATED WTTH FIGURE 8.6.3.1 IND_.CATINC- E -FECT

OF ENVIRONMENT

MATER TAL At ;.fM I NY'v! 7049

CONDITION T7K-

DOi TA i,. DA/DN (10**-6 IN. /CYCLE)

A 3 C D

E =  R. T E7 R T. E= R. T.
DRY AIR H H A SALT FOG

A: 6. . 41/
DELTA V B 6 21 10 4

MIN C 6. 07 9 11
D

7. 00 6. 89 11 7 10.8
8 00 10. 1 16 5 15. /
900 14 8 30.7 p1.5

10 00 24. 8 28. 5 30. 1

A 11 88 112.
DELTA K B 10. 89 100.

MAX C 11. 44 76.4
D

ROOT MEAN SQUARE 16. 76 9 08 7 62
PERCENT ERROR

--- -------------
LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0.8-1 25 2 1 1
SUMMARY 1. 25-2. 0

' (NP/NA) >2 0

-.



CONDITION/HT: T73 ALUM. j
FORM: 4.00- 5. 00"TH FORGING YIELD STRENGTH: 58. 1- 68. 5 KSI ALLOY
SPECIMEN TYPE. CT ULT STRENGTH 8. 4- 76. 4 KSI
ORIENTATION T-L SPECIMEN THK: 1.495- 1.502"
STRESS RATIO: 0.33 SPECIMEN WIDTH: 3. 800" 749 J
FREQUENCY: 18. 30 REFERENCES: 86842 -

L&K (MPA L,/- ) AK (MPA ') '
4 10 40 100 4 10 40 100

ENVIRONMENT R I Il
ER I'IR --* R. 100 ENVI ONM_4T: R.T.
DRY AIR ~H. H. A.

10 10

1010 100

10
4  

10
. 
3--

102 102

*6 104

106 1 3 10-olo10~ .5 d
10_ 10.6 0. __ 1

oI0iL - 10I. 10 .6 
- 10 .

10.  l l I I , ll - 106I ,I, , J I I I I

14 0 40 100 1 4 10 40 100
10 10 ENVIONMET 1

ENVIRONMENT: R. 1  100 ENVIRONMENT:
SALT FOG 

10

102 1 i02

0101 1010 -

10 ___----___10-__ __--___

- 102 10 2

u u>  1 _1 4  - >1

E
-- 10-

1 -5 10 _
5  

Z
.4

610 10

10 6 10 6

108 10 - 10

" 4 10 40 100 1 4 10 40 100

Fi:ur F8.G .3.1

2.6-17

... . . . _. - .-
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iALiLE 8.6.3.2

=ATIGUE CRACk GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DAT- A!ESOCIATED WITH FIGURE 8.6.3.2 iNDICATING EFFECT

OF ENVIRONMENT
--------------- ------------------------------------------------------------

MATERIAL. ALUMINUM 704 7

CONDITION T73
-----------------------------------------------------------------------------------------------

DEI TA V, DA/DN (I0C*-6 IN. /CYCLE)

R. (KSI*IN**1/2)
01. -A B C D
J

E= R T E= R. T. E= R.T.
:DRY AIR H H. A SALT FOG

A: -. 6 16

DELTA K B 6 02 3.75

MIN C: 5. 30 3. 18
w D

6. 00 2. 21 5. 58

7. 00 3. 98 6.87 9. 92

8.00 6. 87 10.0 14.0

-. 9. 00 10. 3 12.5 17. 9

10. "0 13. 9 15 5 22. 2

13. 00 28. 6 42. 9 46 1
16.00 62. 3 105.

20.00 130.

A: 17. 34 82. 1

DELTA K B: 15. 15 71. 3
MAX c: 20.25 126

D:

ROOT MEAN SQUARE 5. 13 6 07 6. 24

PERCENT ERROR
- - -- ---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

LIFE 0. 0-0. 5
' PREDICTION 0. 5-0. 8

RATIO 0. 8-1 25 1 1 1
SUMMARY 1. 25-2. 0

" (NP/NA) >2 0

*° 8. C- 1



CONDITION/HT: T73 ALUM.
FORM: 5. 00"TH FORGING YIELD STRENGTH. 60. 1 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 70. 3 KSI j
ORIENTATION L-T SPECIMEN THK: 0. 748- 0. 750"

--.,-,STRESS RATIO: - -0. 33 SPECIMEN WIDTH: 3. 000" 749
FREQUENCY: 5. 20 REFERENCES: 86842

AK (MPA &) AK (MPA V/-)
4 10 40 100 4 10 40 100

ENVIRONMENT: 10 ENVIRONMNT: R. T.

_ DRY AIR -- H.H. A.

162.
.41102 10

010 0
s, -0 3 10 3 E

z1 E

lo ___ __ 5 z10 1004

1b616
/lo- 10

10"

10"1 10.6

108

EIONMENT: R10 ENVIRONMENT. 10.

SALT FOG

10? 2-d

10" 10

10 10

102 io 2

,"- 10 -- 10

0"10 1

lo' -3 E
z 

E
10 - 10 5 z

10. 1-

10 1010

10-

10.6 10 - 6

.. 1081 4 0 4 1 10 I 1 I1I
4 1401"1 4 10 40 100

AK (KSI vnT) AK (KSI V/Tn)

Figure 8.G.3.2

8.C-19



TAI3LP 8.6.3.3

FATIGU.-E GRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DAFA ASOCIATED WTTH FIC URE 8.6.3.3 TNDTCATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMlN1,1M 70A9
CONDITION: T73

DELTA K DA/DN (10**-6 IN. /CYCLE)

A B C D

RALT Fn(;

M4. J2. 7 CZ0 t

DELTA K B:.
MIN C:

D:

6.00 6.57
7.00 12, 2
8.00 18.3
9.00 25.3
1000 343 ai

A: 12.94 99.5
DELTA K B

MAX C:
D:

ROOT MEAN SQUARE 14. B6
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8

RATIO 0.9-1. 25 2

SUMMARY 1.25-2.0
(NP/NA) >2, 0

8. -2



CONDITION HT T73

FORM 5. 00"TH FORGING YIE, D ST RE'EiFi 5J.
SPECIMEN TYPE CCP JL T" RFGTH
ORIENTATION T-L SPECIMEN THK 0. 74i-- 0. .'.
STRESS RATIO + . 3 SPE0M[N %,",

T H 3. 0U,

FREQUENCY: 5. 20 REFERENCE 85842

AK (MPA m) L' "......
4 10 40 100

ENVIRONMENT R.-10-~
SALT FOG -- T

-1 

-7-

:?:.?: - - 10 ... :

z 101__ 0 "__- _-__10

10
1  

e.--n010

10 1

7D10 _010

100
0 'II '-'~ 1 4 ...

NI RN T10 - -NI --N

10 10 10
10

101.I,

10 10 ------

10 40 !00 14"
"10 - 1 [Till @ - -- ----

-.- "-- ENVIRONMENT . 10 ENVIRONMENT -. J,

10.. 10  !

-- 10

1...-..-o 10 t ---

-". Z- ! 0 -

"-" -- -- 10-_d ,

"1"4 14 00 1 0... . - --

10 -- -

i K KS0 in
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JABLE 8.6.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DAT- A SOCIATED WITH FIGURE 8.6.3.4 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL ALUMINUM 7049
CONDITION T/3

DEiLTA K DA/DN (10i*-o IN. /CYCLE)
(KSI IN**1/2)"

A D C D

E =  R 1. P= R T.
:DRY AIR H. F. A

A 6,0 211

DELTA K B: 6. 14 I.60
MIN C:

D:

7.00 .883 4 42
3. 00 1.66 10.0
9 00 2. 60 14. 7

10. 00 6. 08 18. 7
13. 0 18. 0

A: 13.74 31. 7
DELTA K B: 11.75 41. 3

MAX C:
D:

ROOT MEAN SQUARE 16 39 16. 49

PERCENT ERROR

LIFE 0.0-0. 5

PREDICTION 0. 5-0. 9

RATIO 0.8-1 25 1 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

..

Si

* 2.-"?



* CONDITION/HT: T73 ALUM
FORM. 5. 00"TH FORGING YIELD STRENGTH 59. 1 KSI ALY
S PECIMEN TYPE: CT ULT STRENGTH: 68. 1 KSI [
ORIENTATION- S-T SPECIMEN THK. 1. 500- 1. 501
STRESS RATIO: -0. 33 SPECI-MEN WIDTH: 3. 800'704
FREQUENCY: 18.30 HZ REFERENCES8642

- . AK (M PA M/~) LK (MPA /n
*4 10 40 100 4 10 40 100

ENVIRONMENT R. 1 100 ENIRNIT R. T.

DRY AIR H. H. A.
10 10 _ _ _ __ _ _ __ _ _ _

10 1

10- 101

10 l

01

010 10 10

103 7

10~ 10-

104 1 4 0 14 4 0

__________ _____ Ifill -8@ I Ill I III

110
________10______ 101 0 0

10 - 10

10~ 10'

10 - 1o
_10 10' E

0 10

~110 101

10 10

10 10

10~ - 110

10* 1 il I l l

1 0 40 100 4 10 40 100
A ,K (K SI ,i n) AK (KS I



rAILF 8.6.3.5

traIG -2 CRACK. r-ROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DArA 2-SOC--I 4ATED W- TH F I(URI 8.6.3.5 1 NDICAI INi- E 7FEL6'T

OF STRESS RATIO

MATERIAL ALUMINtlP' 70,19
CONDITION: T7351
ENVIRONMENT: R T L[

DELLTA K DA/DN (10**-6t IN /CYCLE)

AD1 C D

R1 00 [R--O 00 R=+0. 50

A 5 5H4

DELTA K B: 5 71 .454
MIN C- 4, 10 C344

D

5.00 -765

6. 00 635 515 1 71
7. 00 .894 .795 3. 43
8. 00 - 1 .40 1 2 1 6. 13
9?. 00 2 26 1 79 9. a87

10. 00 - 3. 59 2. 5P 14, 6
13. 00 11 5 6. 57 30.7
16. 00 - 24. 2 13.-6 49. 2
20. 00 43.,9 28. 3 100
25.00 85.6 569 336
30.00 179. 101. 827.
35.00 330. 171.

-. 40. 00 507. 269.

A: 47. 38 1268)B.
DELTA K B: 49.15 587.

MAX C. 34. 04 333
D:

ROOT MEAN SQUARE 9 31 15.85 12.92
PERCENT ERROR

0---------------------.----.--------------------------------
LIFE 0.0-0 5

PREDICTION 0 5-o 8
RATIO 0.8-1 25
SUMMARY 1 ;?5-' 0
(NP/NA) 20

16



'0, CONDITION/HT. T7351 LI-
FORM: 1. 25"TH PLATE YIELD STRENGTH. 72. 0 KSI ALLOY

*. SPECIMEN TYPE CCP ULT. STRENGTH: 830. 5 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 250'
FREQUENCY. 10. 00 HZ SPECIMEN WIDTH: 4. 000"74
ENVIRONMENT R. T. *L. H. A. REFERENCES:MA007

* . &K (MPA L K (MPA X/m)

*4 10 40 100 4 10 40 100
'I I I'TillKSTRESS RATIO = -1. 00 10STRESS RATIO -.0. 00

- 10 100

10 _ __ _ _ -1 10- 3

w 0 102

10 10 -10

1z
10~ 7o

10~ 10$

1 0 
1 0 1 0 :1

1108 F10 1 ,1 1 1 1111h -
1 4< -4 0 04 0

10'1
01

3 1 10-
1010

1010 E

10 -106 __ _ _

5 10 -
10 -1

106 10

14 140 101 4 10 40 100
AK (K SI i n) AK (KSI in)C



TABiLE. .3.

*.T191JE C-r-ACK GROWTH RATES AT D:EFIN'4EDr L E -E L

OF STRESS INTENSITY FACTOR

* . L:AT A~OCI"ED WIH IGUJRE 8.6.3.6 INDIC-ATING EPC

OF STRESS RATIO

MATERIAL ALUMIN1-1- 70497
CONDITION T 735 i

-ENVIRONMENT R T 3 5%NACl -- --

- -DELTA V DA/DN (10**-6 IN /CYCLE)

* (KSI*IN**1/2)
A 1B C D

R -l 00 R=+O 50

A. :3 4
DELTA K 4 C:-1 19

MIN C
D

5. 00 43

60 -C27 10 4

7. 00 32 18.6
83. 00 A.. 28 0
9. 00 15 2 38. 1
10. 00 20. 7 48. 8
13. 00 40 1 86 6

16 062. 3 137

20. 0)0 96 5 22&
-- 25.00) 150. 383

30. 00 222. 586
*.35. 00 322. 705

40. 00 462.

A 46. 22 833.

DELTA K B. 36. 70 -659

MAX C.
D .

ROOT MEAN SGUARE 18 32 14 87
PERCENT ERROR

LIFE 0, 0-0 5
PREDICTION 0 5-0 8

RATIO 0 8-1 25,-
SUMMARY 1 25-;2 0
(NP/NA) 20



CONDITION/HT: T7351 ALUM.
FORM: 1. 25"TH PLATE YIELD STRENGTH: 72. 0 KSI ALLOY
SPECIMEN TYPE: CCP ULT STRENGTH: 80. 5 KSI
ORIENTATION: L-T SPECIMEN THK 0. 250"

- . FREQUENCY: 0. 10 HZ SPECIMEN WIDTH 4. 000" 7049
ENVIRONMENT: R.T.. :3. 5% NACL REFERENCESMA007

AK (MPA -'\m) AK (MPA x/-)

" 4 10 40 100 4 10 40 100

STRESS RATIO -1.00 10 STRESS RATIO .0.50

10?0 io -
10 -

,-. -.---- 10 , - 0 ,
10

.  
10

--_- 10 le- 1
$-

10 10
10 10

- 10 1 - 10

hI _ L1 o

I1 0 1 10 

STES RAI 10 STES RATI 10 4

100

10* 10

no1 10 - 6 14

1 87 __ --______10_ 1 7

1 4 10 40 100 1 4 10 40 100

O-"" STRESS RATIO =- 10° K TESRTO1

105- 10

101 10

- 10 1 -0

)010- 10-- _ _ _ _ _ _ _ - -0

10F10
Z 5 --__ _--__ _

, 4 10 40 10Z

f0 -_10
4  -in, Z%__(K,_

-- 1 1-

106 - 10" __

10 211

10 1 10 -- __ _ _ _ _ _ _

10-.i. .. 1 I -~ .1. L L L LJ L I . L _J iL_ _

4 AK K0 40 I00AK K,,,! ,, H" "

:- ,- . . .. A ; § . . . - . - - - - - - -



LiA.i
TABLE 8.6.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVEL5

OF STRESS iNTENSiTY FACTOR

DATA ASSOCIATED WITH FIGURE 8.6.3.7 INDICATING EFFECT

OF FREGUENCY
!: . --- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MATERIAL ALUM I w..M 70417
CONDITION T7351

- ENVIRONMENI: R T , 3 5% NAC
----------------------------------------------------------------

DELTA K DA/DN (10**-6 IN. /CYCLE)
_ (KSI*IN**1/2)
-S, A B C D

, ,,Z)= 1.00 F(HZ)= 10.00

.A -54 2.42
DELTA K B 5. 44 1 54

MIN C
D:

6. 00 4. 64 3. 08
7. 00 13. 0 7. 31

08.0 25. 5 12. 8
9.00 40. 5 18. 9
10.00 56. 1 25. 1
13.00 100. 44. 3
16.00 145. 70. 5
20. 00 224. 125.
25.00 381. 212.
30.00 631. 295.
35.00 946. 384.
40. 00 1268. 498.
50.00 2158. 928.

60.00 4564. 2129.

A 61. 17 5082.
- DELTA K B 67.01 4311.

MAX C

D

ROOT MEAN SQUARE 18. 36 14. 62
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1 25
SUMMARY 1 25-2.
(NP/NA) >2. 0

il2
W8.6-2



CONDITION/HT: T7351 ALUM.
FORM: 1.25 TH PLATE YIELD STRENGTH: 72. 0 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 80. 5 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 250"

"STRESS RATIO: +0.00 SPECIMEN WIDTH: 4. 000" 7049
ENVIRONMENT: R. T. *3. 5Z NACL REFERENCES: MA007

AK (MPA lm-) A K (MPA /im)
4 10 40 100 4 10 40 100

I I' I'' II I' I II'il
-FREQUENCY (Hz) 1. 00 10 FREQUENCY (Hz) 10. 00

10,-10 - , 10 1

' )10 3 10"3 . -* 10 10.1

-4 10
11 0.

10- 10 -

-1010
"6 010-

z E
Ca 4 o744

1 05 100

16 75 11

1010.6 10

10
. 

-8 
10

.

]107o | .. L LL J .'U"' l i ',' l 
1 "  0 __ _____"-__10"6

1 4 10 40 100 4 10 40 100

FREQUENCY (Hz) 10 FREQUENCY (Hz) ='100

-2 -2
*10 10

10.1 101

10313

3 10.2 10-2.

10
C10,3 10o- E

* z ZE
P, 10 10o z

10 8-

65 5

6 -6F
* 1010o6 10,15

16 108

4 0 0 10 1 4 10 40 100
A K (K SI VIM)AK (KSI V/"i)

* Figure 8.6.3.7

8.6-29 @



.. , TABLE 8.6.3.8

--. FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.6.3.8 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7049
CONDITION: T73511-HIGH PURITY

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

' A B C D

ER.T. E= R. T.
: LAB AIR H.H.A,

A: 5.95 .726
DELTA K B: 6.21 1.25

MIN C:I):•

3.,

" 6.00 .792
V.. 7.00 " 2.72 3.06

8.00 : 5.00 6.55
9.00 6.72 10.8
10.00 : 7.84 15.4
13.00 : 11. 5 29.0
16.00 : 19.0 46.3

A: 18.73 : 28.2
DELTA K B: 18.07 : 65.8

MAX C:
-*.- D:

ROOT MEAN SQUARE 5. 91 5. 87
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0.8

RATIO 0.8-1. 25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

....,

8.6-30
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"ALU V

CONDITION/HT: T73511-HIGH PURITY ALUM.
FORM: 1.50"TH EXTRUSION YIELD STRENGTH: 78.7 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 83. 9 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 625"
STRESS RATIO: +0. 10 SPECIMEN WIDTH: 2. 550" 7049

.\,, FREQUENCY: 30. 00 REFERENCES:WA001

AK (MPA -/M) AK (MPA N/-)
4 10 40 100 4 10 40 100

'- ENVIRONMENT: R. 10 o ... = ENVIRONMENT: R. T..
LAB AIR H. H. A.

1-2 10-2 _ _
10 01 1 1 0 1

1073  103

-o 3  3 3_E

102 101

0 E
• " ,, -- 10 = 

1 0

.-' O-4- ---
-'-'),"10 10.  -

• '-. - • r -o 3 -

- 10 5

_19 10

166010

t1 OF 
7  

-- 10
.7  

----

10 ui 1 :_1-6 -- =1-

" .10.., 1O Io7 ,I 1, , 08 I , I, I ,Imlh

1 4 10 40 100 1 4 10 40 100
, .- _- I ' I'l 'lI I ' I'1 '1' " E I R O N M E N T : I ' ~ l l~

ENVIRONMENT: 10 o
16 100

S101 10

N: 0.3 - 3

10, 2 1 -" 2

0
4  110-410--

4-4 )

- 10 - E

E

zz

lo75 10'

-6 -6

z0- - 1

16 o781

*I - - 1

,..-1.....L.1.LJJ -16 .... "JJ 0~.LL~

1 4 10 40 100 1 4 10 40 10
&K (KSI v/7Th AK (KSI .1/T-h

Figure 8.6.3.8

8.6-31
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TABLE 8.6.3.9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.6.3.9 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7049
CONDITION: T73511-HIGH PURITY

-----------------------------------------------------------------------------------------
DELTA K DA/DN (1O**-6 IN. /CYCLE)

(KSI*IN**1/2)

A B C D

E= R.
:LAB AIR

A: 6 17 1.78
DELTA K B:
MIN C"

D:

7.00 2.91
8. 00 4. 44
9.00 6.06
10.00 " 7.81
13.0 o15.0

,,' ,,,':16.0O0 2 :9. 7

A: 16.25 : 31.6
DELTA K B:

MAX C:

D:
."

ROOT MEAN SQUARE 14. 30
"' PERCENT ERROR

LIFE 0. 0-0. 5

'-. PREDICTION 0. 5-0. I
RATIO 0.8-1 25
SUMMARY 1.25-2.0
(NP/NA) )2. 0

8.6-32
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CONDITION/HT: T73511-HIGH PURITY ALUM. k
FORM: 1.50WTH EXTRUSION YIELD STRENGTH: 70.3 KSI IALLOYI I
SPECIMEN TYPE: CT ULT. STRENGTH: 789.5 KSI%
ORIENTATION- T-L SPECIMEN THK: 0. 625"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 550"s74

* FREQUENCY: 30.080 REFERENCES: WA001 74

AK (MPA 1V,/m) &K (MPA N/mi)
4 10 40 100 4 10 40 100

% G) ENVIRONMENT: R. 4.. 10 @' EV ONM~t4T:
LAB AIR o

10 -o10

* 10' 10*

10

10L 10 3 E
10~ 3 E

Z E5

10~10

166 16

10-6 10-1

108 108
1 04 1040 10061 0 0

- ~ ~ EVRNET 10100.±Li ..... L....LLJ

12 4Z0 0 0 12 4Z04 0

N~0 I 0I I I

'.' NIRNEN:100 ENIONET 2o

100

10 16

10 10 E
100

V~1 0i0

10 10

-7 -710 10'

1106 10.6

11 4 101 4 10 40 100
&K (KSI *~ThAK (KSI VW7n

Figure 8.6.3.9
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rABLE 8.6.3.10

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.6.3.10 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7049
CONDITION: T73511-LOW PURITY

--- -- --------------------- - - - - - - - - - - - - - - - - - - - - - - - - -

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

AB CD

E=  R. I E= R.1.
:LAB AIR H. H A.

A: 6.10 .567
DELTA K B: 5.94 .867

MIN C:

6. 00 .944
7.00 1.80 2.83
8.O0 3.78 5.55
9.00 5.76 8. 56
10.00 7.32 11 5
13.00 10.2 19 9
16.00 32.3

A: 14.37 : 11.6
DELTA K B: 16.99 : 36. 8

MAX c:
D:

ROOT MEAN SQUARE 11.79 8.70
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 9

RATIO 0. 8-1 25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

r..'"il
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, CONDITION/HT: T73511-LOW PURITY ALUM.
FORM: 1.50"TH EXTRUSION YIELD STRENGTH: 73.1 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 80. 0 KSI I
ORIENTATION- L-T SPECIMEN THK: 0. 825"d

.---FREQUENCY: 30.00 REFERENCES:WA001 74

AK (MPA /W)AK (MPA N/h*)

41 - 10 40 100 4 10 40 100
G) ENIRONENT: .' 41.1 1 looENVI O8NMENT: R. T.'.

LAB AIR H. H. A.
102 102L-----

- 10-1 10-1

1 OF3  U31

0- 2 0- 2

3 10 E

z
* ~ io 10- Z

4 7o

166 -6 _ _ _ _ _ _ _ _

10' 10

11 7~ 1O

-7 -7
10 10

1-8 106 I I ILL

1 4 10 40 1001 4 10 0 10

© ENVIRONMENT: i 0 ENVIRONMENT: 100

1-2 
1-2

10-

-2 -2
10 10j

14 U

01 0 3 1 -3

4 E

'o 10515
* u-4 10-10 m

10-6 166

100

17 -O7

10- 10-

10- 108 U 6I

11 - 4 10 40 100 1 4 10 40 100 -

AK (KSI Vln) AK (KSI v~n
Figure 8.6.3.10
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TABLE 8.6.3.11

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.6.3.11 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 7049

CONDITION: T73511-LOW PURITY

ENVIRONMENT:. LAD AIR

DELTA K DA/DN (1O**-6 IN. /CYCLE)

A BC D

A: 6. 07: 1.39

DEP TA K B:
MIN C:

7.00 2.98
8. 00 4. 99

9.00 : 7.08
1000 9.33
13.00 . 20.0

A: 14.70 33. 5
DELTA K B:

MAX C:

ROOT MEAN SQUARE 7. 33
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.8

RATIO 0.8-1.25
... ,.SUMMARY 1. 25-2. 0

(NP/NA) >2. 0
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CONDITION/HT: T73511-LOW PURITYALM
FORM: 1.50"TH EXTRUSION YIELD STRENGTH: 68.6 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 75. 7 KSI
ORIENTATION: T-L. SPECIMEN THK: 0. 625"

FREQUENCLAB AIR SPECIMEN WIDTH: 2. 550" 7049
'. .ENVIRONMENT: R..LBARREFERENCES:WA001

&K (MP A V-,/-) AK (MPA /h)
4 10 40 100 4 10 40 100

10 STRESS RATIO = +0. 10 - 0 6 STRESS RATIO

101 102

10 lo0

10lo 10___ _

16 16 o4

10 1

1o10

1 06 -5____ _ ~10- 5

STES RAI4 10 STES RATI - 10 0

-62 __ _ _-10-2

10- 1

13 1002 o3 102_

-- 2
10-~1 __0__ 

2__ 
_ -1

3 E

10 10

v10 10 rv

10 10 10

W 10-

1060

10- JJJJJ

1 4 10 40 100 1 4 10 40 100
AK (KSI vT,) A K (K SI V'n)

Figure 8.6.3.11
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TABLE 8.6.3.12

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* DATA ASSOCIATED WITH FIGURE 8.6.3.12 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 704c?

CONDITION: T7351 1-MEDIUM PURITY

DELTA K DA/DN dO0**-6 IN. /CVCLE)
(KSI*IN**1/2)

A 1B C D

E=" R. T. E-= R. T
LAB3 AIR H.H.A.

A: 5.b .423
DELTA K : 5.96 1.41

MIN C:
D:

6.00 .435 1.44
7.00 .969 3.55
8 .00 1.68 6.61
9.00 2.52 10.3 I

10.00 3.44 14.2
13.00 . 6.65 25.3
16.00 : 11.2 34.3

A: 18.90 1B. 2
DELTA K B: 17. 55 38. 5

MAX C:

ROOT MEAN SQUARE 22. 36 9. 47
PERCENT ERROR

LIFE 0.0 0. 5
PREDICTION 0. 5-0.9

RATIO 0.9-1 25
SURY 1.25-2.0
(PP/NA) >2. 0
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CONDITION/HT: T73511-MEDIUM PURITY ALUM.
YIELD STRENGTH 75. 4 KSI ALLOY

SPECIMEN TYPE: CT ULT STRENGTH: 82. 5 KSI
ORIENTATION L-T SPECIMEN THK 0. 625"
STRESS RATIO: +-0. 10 SPECIMEN WIDTH. 2. 550" 7049
FREQUENCY: 30. 00 REFERENCES:WAO1

AK (MPA /') AK (MPA /-

4 10 40 100 4 10 40 100

ENVIRN MEN: F 100 ENVIRONMENT: R. T.,
LAB AIR H. H. A.

-62 _ o-2
0 10

101 10

0 10

10' 10 5  
1

S10 4 13 1

lo6  10- 5 4E

Z ________o
-5_ 0 1o

10- -- 17c7v

1 0 40 1O 1 4 10 40 O
100 10

10-' 10 -

10-6 1--

1-816

1% 4 100 40 100 1E 0 4 0

10 ENVIRONMENT: 10

• - _ 1 - 4 --1010

106-- 10-0-

10-7 10

-- 10.2 10
I

;

1 3 E4

F igie 86.31

10 E

10 100 10N

10 10-

10- 10S

1 7 o
100 10.7

10l 10 0 LLLL~. L~.~

1 4 10 40 100 1 4 10 40 100
&~K (KSI v"Jnh A K (K SI 7'n)

Figure 8.6.3.12
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TABLE 8.6.3.13

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

" . DAT - ASSOCIATED WITH FIGURE 8.6.3.13INDICATING EFFECT

-- OF STRESS RATIO

MATERIAL ALUMINUM 7049
CONDITION: T73511-MEDIUM PURITY
ENVIRONMENT: R T , LAP AIr,

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN* 11/2)

A B C D

R-+O. 10

A 6. 21 1 51

DELTA K B:

MIN C
D

7. 00 2. 94
8.00 4.80
9.00 6.59

100 0 S 36
13.00 15.9 . .'

16. 00 37. 8

A: 16. 60 46. 6
DELTA K B:

MAX C:
D:

ROOT MEAN SGUARE 11.31
PERCENT ERROR

-" LIFE 0. 0-0. 5
" REDICTION 0. 5-0. 8
RATIO 0.8-1. 25
SUMMARY 1.25-2.0

- (NP/NA) >2. 0

8.6-40
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CONDITION/HT: T73511-MEDIUM PURITY iUM
FORM: 1.50"TH EXTRUSION YIELD STRENGTH: 59.2 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 75.5 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 625FREQUENCY: 30.00 PECIMEN WIDTH: 2. 550" 7049

- ENVIRONMENT: R.T. LAB AIR REFERENCES:WA01

AK (MPA V/) A K (MPA )
10 40 100 4 10 40 100

STRESS RATIO= o0. 10 1 STRESS RATIO

10,.10 .

lo -101

S,1 10

1' 1 01 
0 1 0?

-4-
010 1

- -- 10 10

107 - 10-7

10- 6 10- 6

4 10 40100

STRESS RATIO STRESS RATIO 10o

10- 101
10 10 "

-2 -210- -1 103 -- 10

10 - 4

- 10 3  10 3 E
10 E

S10- 10-

-10-6 -

d 60 
10 -

010 -- 10- - 5

-- 10
6  --" 0

6

10-8F I I 1 I1L1 I 1 1 1,1, 108 I I l l 1 1 1 1 -

1 4 10 40 100 1 4 10 40 100
AK (KSI - 'n) AK (KSI i/n)

Figure 8.6.3.13
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-1AB[L 8.6.3.14

PFATIGUE CRACK GROWTH RATE= AT DEFINED LEVELS
OF srRESS INTENSITY FACTOR

UATA.' ASSOCIATED WITH FI13URE 8.6.3.14 INDICATING EFFECT

-~ OF STRESS RATIO

* MATERIAL: ALUMINUM 7049
CON4DITION: T73521
ENVIRONMENT: R T ,L. H A.

DELTA VK DA/DN (lCft*-b IN. /CYCLE)

*A BI C D

* R=4O030 R=+0 30 R=+0. 50

A: "i.o l-1.199
DELTA K B: 2. -! 063

MIN C: 2.3i : . 131
D:

2. 50 -0652 .117
3.00 . 232 .200
3.50 .242 .331 .498
4.00 .333 .491 912
5.00 . 666 1. 03 1. 29
600: 1. 211 1.93 2 59
7.00 : 1.91 3.29 5.39
B.00 2.80 5.20 8. 14
9.00 3.99 7.76 9.42

10.00 5. 63 11.0
13.00 15.8 25.9
16. 00 16. 0

A: 16.00 16.0
DELTA K B: 15.87 47. 6

MAX C: 9.67 9.24

. ROOT MEAN SQUARE 14. 91 17. 33 24. 51
PERCENT ERROR

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.18

RATIO 0.9-1 25 11
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: T7352 ALUM.
FORM: 3.00"TH FORGING YIELD STRENGTH: 65.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 74. 0 KSI

FREQUENCY: 8.0SPECIMEN WIDTH: 7. 400"
OEN ATNN: L-T T. L. H. A. SPECIMEN TH:53 0.049

&K (MPA /T)AK (MPA V/mT
4 10 40 100 4 10 40 100

STRESS RATIO -e-0. 08 STRESS RATIO o. S0

* 1&2 1 ic 2

100

*1 101 1

-4

10 -3 1 ' 3E

10 10'

-5 106100

108 107

100 4 101 4 10 4 0
k!!: 106

-2STRESS RATIO = o.0.50 10STRESS RATIO 100

10 - 102
10 1 10-

63 1___ __3

10- 2 10
1010

3  ~3 E1 0. 1 0 -

44

1010-~ 10-

5 5

10-6 10

0~ % -~ 10 -7 L.LLA. -7j~ 10 17

*. -..- 1 4 10 40 100 1 4 10 40 100
AK (KSI .Jln) AK (KSI \/m)

Figure 8.6.3.14
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TAB~LE 8.6.3.15

*FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.6.3.15 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7049
CONDITION: T7352

DELTA K DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

AB C D

Er- R. 1' E= R. T.
L. HA S .
6HZ l HZ

A: 6. 12 1.61
DELTA K B: 6. 48 .1. 54

MIN C:
D:

7.00 :2.94
8.00 7.09
9.00 2.66 14.2
10.00 4.16 28.2
13.00 : 10. 1
16.00 : 18.0

* 20.00 : 33. 1

A: 24.30 : 60.7
DELTA K B: 11.39 :86.0

MAX C:

ROOT MEAN SGUARE 6. 86 15. 34
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTI1ON 0. 5-0. 8

RATIO 0.8-1.25 2
SUMMARY 1.25-2.0 1
(NP/NA) >,2. 0

%
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CONDITION/HT: T7352 ALUM.
FORM: 3. 00"TH FORGING YIELD STRENGTH: 67.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 76. 0 KSI
ORIENTATION L-T SPECIMEN THK: 0. 250- 1. 000"

' "-. STRESS RATIO: -0. 08 SPECIMEN WIDTH: 7. 400"
, FREQUENCY: REFERENCES:88579

AK (MPA A/m) AK (MPA V'm)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. 100 ENVI ONMENT R. T..

L. H. A. S. T. W.

162 6HZ 1- . 1HZ

.10 -1 101

.. 10.3  163-

-22_
10.2 10 -

-44 _ 1o
-4  

j! _>"

"o- 3 10 3 E
z lE

10.
loU4  U4~ cv

166 1 _6

7-~

10
.6  10

6

107. II 108 I I I ,II I I I I lilt -
1 4 10 40 100 4__10__40_ _ 100/S%~~~~ ~ ~ ~ = Il'l'l'l 11 11 - I 1 1l'l'l'11 1111-

.di:"". ENVIRONMENT: 100 ENVIRONMENT: 100

1-2 
Z_______ 162______

- 10' 10-1
3 _ ___ ___10-3 -- 10-3=--

1- 1- 2
-_ 10.2 _

U3

>0 - --- r

- 100 E
C"2' - - 10"3  -- - 0 "  E

10 E
S - 5  

105

10
-  10

. .-
--6 -610 _ 10_

.-.. 1 7 11 1-

10- 1-- -- 10.6J~J 10 -- .Lz--L 10.6......LL..LL

1 4 10 40 100 1 4 10 40 100
AK (KSI v'T) AK (KSI V'r')

Figure 8.6.3.15
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TABLF 8.6.3.16

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS 2
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.6.3.16 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7049
CONDITION: T7352

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R. T. E= R. T.
L. H A. S.T.W.

A:
DELTA K B: 6. 4" 1.52

MIN C:
D:

7.00 2.66
8.00 5.52
9.00 9.01
10.00 13.0
13.00 32.9
16.00 100.

A:
DELTA K B: 17.21 : 172.

MAX C:
D:

----------------------------------------------------------------

ROOT MEAN SQUARE 0. 00 7. 48
PERCENT ERROR

-----------------------------------------------------------------------------------------

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

8.6- 46
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CONDITION/HT: T7352 i ALUM.
FORM: 3.00"TH FORGTNG YIELD STRENGTH: 64.0- 65.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 73. 0- 74.0 KSI
ORIENTATION- T-L SPECIMEN THK: 0.500- 0.990"
STRESS RATIO: -0.0813 SPECIMEN WIDTH: 7. 400"

" FREQUENCY: REFERENCES:85837. 88579

A K (MPA &ZK (MPA - /)

4 10 40 100 4 10 40 100

ENVIRONMENT: R. - 10 0 ENVIRONMNT R.T.
L. H. A. S. T. W.

10-2 6HZ 1-2 1HZ

-6-- 0 - - _ _ _ __1 10

103 - 10-3
. _ i 2  0 2

10 10

10- _-]. ___ _ _ _ _ _ _ _ _ _ _E

z1 1 0

1 4 1 4 10 _ _0
.

_ _ _ _ _ _10
. 4

1 6  1 6

10 1 5 -- 1 .

10-7 -- 07-

.103 10
3 E

Z E

-0 4 0 4 1 40 10

10 10

55

10 - 10-  _ -101

40 10.

7 -- 712-- 1  -

O10
14 010 40 100

IK I (II KI I'~ IK (IS f ilI 1 11 11f l

ENIONET 1000 @ ENIRNMNT --

1iqur .6 316

10-86- 4 10

--F 1005  1 .

107 100- - 2

-- -= 10 .6 _ 10.

4'' 4 4 0 4 1014 104 0

Fiur S.6.16

3 3.-4

S 10 10.-," ' '.-'_ E'.7 " -,-. ._, , ' " , ._, """ . . . - _:; '"' ,:, ,- ' " '. • •:'-' - : '



TABLE 8.6.3.17

Sl~S-TAB'1JED CRACK GROWTH RATES AT LEFINED LEVELS
OF STRESS INTENSITY FACTOR

DSATA 4-5SOCIATED WITH FIGURE 8.6.3.17 INDICATING EFFECT

OF ENVIRONMENr

MATERIAL ALUMINUMr. '7049
CONDITION. T73

K MAX DA/DT (iO**-6 IN/HOUR)
(KSI*IN**1/2)

WET 3X/DAY WITH
:3. ti. NACL

A:
K MAX B:
MIN C

D

200.00

A:
K MAX B:

MAX C:

ROOT MEAN SQUARE 0. 00

PERCENT ERROR

8. -4



CONDITION/HT: T73 ALUM.1
FORM: FORGING SPECIMEN THK: 1. 000' ALLOY
SPECIMEN TYPE: DCB SPECIMEN WIDTH: 5. 000"
ORIENTATION:S-L CRACK LENGTH (A0).
YIELD STRENGTH: K gscc:
ULT. STRENGTH: REFER ENCES:84284 74

K max (MPA V'm) K max (MPA Vm)
4 10 40 100 4 10 40 100

'' ENVIRONMENT: -=102 ENVIRONMENT:
WET 3X/DAY WITHZ

100 3.5%NACL _ ____-100

101 10'

100 010

-10 -10E

1010 10
10 1010

20

10 ____ ____10

165- __ _0__ __-5

1 -6 1 1 1 1 1  -- 1 j I i Ii d I I I IIII

1 4 10 40 100 1 4 10 40 100
11 11 1s" 1r..~ ~ T T 1 1*' 1 fill 2 I I I I' 11 1 ' 1 '111'I -

@ ENVIRONMENT: 102 @ ENVIRONMENT: -- 102

100 -100

10' 101

0 0F 10 0

10 10E

1010 3 0

10 1o0-20

107 100v

100- ,3 10'

105 10' 10

1 4 10 40 100 1 4 10 40 100
K max (KSI V/7in) Kmax (KSI v?

Figure 8.6.3.17
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TA13LE 8.7.3.1

;: .TIGUE CRACK G4ROWTH RATES AT DEFINED LEVELCS
OF STRESS INTENSITY FACTOR

DAiol A-'SSOCIATED WITH FIGURE 8.7.3.1 INDICATING EFFE 7T

OF STRESS RATIO

MATERIAL: ALUMINUM 7 050
CONDITION: T6
ENVIRONMENT: R, T I- H A

DELTA K DA/DN (10**-6 IN./CYCLE)

A B3 C D)

A: 6. 13 D 2
DELTA K B:

MIN C:
D:

7. .00 4. 01
8.00 6 16

:.9. 00 8. 98
1000 11. 9
13. 00 21 8 1
16.00 41 8

20. 00 114;.
25. 00 280.

A: 25. 27 287.
DELTA K B:

MAX C:

ROOT MEAN SQUARE 9. 08
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0 93

RATIO 0.8-1.25 4
SUMMARY 1.25-2.0

*(NP/NA) >2. 0

* 8.7-34



CONDITION/HT. T6 A
FORM: 0. 18"TH SHEET YIELD STRENGTH: 75. 0 KSI ALLOY
SPECIMEN TYPE CCP ULT. STRENGTH: 83. 2 KSI
ORIENTATION T-L SPECIMEN THK. 0. 177- 0. 179"
FREQUENCY 13. 30 HZ SPECIMEN WIDTH: 3. 999- 4. 000" 7050

-',ENVIRONMENT R. T., L. H. A. REFERENCES65213

AK (MPA -/,4) AK (MPA %/-)
4 10 40 100 4 10 40 100

*~ I II TI I IFll11
-STRESS RATIO -*0.33 STRESS RATIO

10-- 10

10 0 -

. K1010
"1[ - 0 Z 10'

• " 10~ _______10_ -10o°
10:

10 10

7_ __10__ _10
10 10 _ _ _ _ _ -

,. . 0-8  1 , I I 1 1 0-8  I l l I l l
4 10 40 100 1 4 10 40 100

STRESS RATIO10 STRESS RATIO 10

102  
102

10 10

3o 0-3I
1010 1010 -

0 -4
10 - "

10 10

---- -- - -"

104 104r

, ! -l-6 -

10 10

731 10 0

1 - 10 m

10 10.1

_1 0-

, 0 t" 10 9 10 8 1 1 ,1 1 I 0 I dI I i I I fl l

1 4 10 40 100 1 4 10 40 100
AK (KSI ', ) AK (KSI iril

7 
I

_ H. 7- 3'5



7 %7

TABLE 8.7.3.2

PATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF srRESS INTENSITY FACTOR

DTA ASSOCIATED WITH FIGURE 8.7.3.2 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050

CONDITION: T6

*DELTA W, DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN*-Al/2)I

A B C D

E R. T.
H. H. A.

A: 6.0 4.98
DELTA K B:

MIN C:

7.00 7.43
8.00 109
9.00 15. 4
1000 21.3
13.00 48.2
16.00 . 89. 5
20.00 163.

A: 20.34 170.
DELTA K B:

MAX c:
D:

ROOT MEAN SQUARE 6. 10
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0.8

RATIO 0.8-1. 25 2
SUMMARY 1. 25-2 0
(NP/NA) -i- 0

8.7-3G



CONDITION/HT: T6 ALUM.
FORM: 0. 18"TH SHEET YIELD STRENGTH: 75. 0 KSI ALLOY

ORIENTATION- T-L SPECIMEN THK: 0. 176- 0. 177

*STRESS RATIO: +0.33 SPECIMEN WIDTH: 4. 000"75
*FREQUENCY: 13.30 HZ REFERENCES.86213

AK (MPA A/i)LK (MPA N/m
4 10 40 100 4 10 40 100

-ENVIRONMENT: R. . NMT
H. H. A.

062- 102

10' 10

3310 10

100

10- 16

1 40 10 41001010 4 0

100

io 3  
- 10.110 104

16 10662

_______ 100

1 6~

-8o
610 -10-8

10~

1061 10-1

1~1 410 -124
AK(SUTh~ KIvT

Figure8.7.34

8.7- <
101



TABLE 8.7.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.3 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050

CONDITION T6

DELTA K DA/DN (10**-8 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E R. T.
H. H. A.

A: 688. 37
DELTA K B:

MIN C.

D:

7.00 6. 78
8.00 10.6
9.00 15.3
10.00 20.8
13.00 45.7
16.00 94.1
20.00 220.

A: 20. 15 221.
DELTA K B:

MAX C:

ROOT MEAN SQUARE 7.02
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0.18
RATIO 0.8-1.25 2

SUMMARY 1.25-2.0
(NP/NA) .--2 0

-*-'.7- -

°"°



CONDITION/HT: TS
FORM. 0. 18"TH SHEET YIELD STRENGTH 74. 5 KSI ALG
SPECIMEN TYPE. CCP ULT STRENGTH. 82. 7KS1
ORIENTATION TLSPECIMEN THK;018- .8

*STRESS RATIO: -0. 33 SPECIMEN WIDTH: 3. 999- 4. 000"75
*FREQUENCY: 13. 30 HZ REFERENCES.8621 3

4 10 40 100 4 10 40 100

ENVIRONMENT: R.Y. 10 0 0 ENVIRON1NMENT I
H. H. A.-

162

10 1

10: 10__ _ _ _ -: _ __ _ _ 0

10? 10

c:10-3 10- E

__7_ 10__ 10__5 z

4 4

1001

100 166

106 10

© NIRNEN:100 NIONET 1001
-82

10 IRNMNT - 0 10 NIOMET 0

101 10

%1 3 __ _ _ _ _ __0__ _ __ _ _ _ _ __ _ __3__ _ _ _ _ _

44

10 10 E

. 5 5
7010o 10 z

1 00

10 - 0 10 1

7 -
10 -1

1 0 10 6

1 4 10 40 100 1 4 10 40 100
A~K (KSI \/Th) AK (KSI -,/7n

Figure 8.7.3.3

8.7-39



.4 TAB3LE 8.7.3.4

FiATIgUE CRACK GROWTH RATES AT DEFINED LEI'ELJ'-
OF STRESS INTENSITY FACTOR

DAT4 AqSOIATED WITH FIGURE 8.7.3.4 IN-DICATING EFFECT

OF STRESS RA1ID

*. MATERIAL. ALUMINUM 7050
CONDITION: T73

*- ENVIRONMENT. R T *L H.A.

DELTA K DA/DN (1O)**-6 IN. /CYCLE)
(KSI*IN**1/2)
NA 13 C D

R-:+O. 08

A ? 12 ~ 2271
DELTA K B:

MIN C:
D:

1300 .427
16.00 1.27
20.00 126
25.00 292

A: 28.21 64.2
DELTA K B:

*MAX C:
* * D:

ROOT MEAN SQUARE 9. 95
* PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0.8

RATIO 0.6-1.25 1
SUMMARY 1. 25-2 0
(NP/NA) :,2 0

5 8. 7-4n



oALUM.

CONDITION/HT: T73
FORM. FORGING YIELD STRENGTH 71.0 KSI LO
SPECIMEN TYPE. CT ULT STRENGTH: 78. 0 KSI
ORIENTATION, L-T SPECIMEN THK. 0. 500"

*FREQUENCY: 6.00 HZ SPECIMEN WIDTH: 2. 810"75
ENVIRONMENT R. T.. L. H. A. REFERENCES:883579

AK (MPA V)AK (MPA Vm)
*1*~*4 10 40 100 4 10 40 100

STRESS RATIO =+0. 08 STRESS RATIO
1d2 1d2

10 101

102 10'2

E~ 10__ 
0 10

100 10EE7

101

- 166

105

.7 -7
10 _ ___ ____ _ _ ____ ___ _ -10

1 0 106

10-8 I IIII I.....I ....L ..J 1071 i1 4 10 40 100 1 4 10 40 100

STRESS RATIO 10TES ATO 100

10d

101 10-1

10 10'0 0

U U
3 30 -

S10- 10' E
- Ez -5

10o -4 10- 4

10-7 7

10-10 -6 -6___ _

10- 10 10

1 4 10 40 100 1 4 10 40 100
AK (KSI V"/Th AK (KSI 7n)

Figure 8.7.3.4
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'fABLL ...

A;'TIGUE CRA-:CK GROWTH RATF=E 4T DEFINED LEVELS
OF STRESS INTENSITY FACTOR

L DAT44 AEFSOCIATED WITH FIGURE 8.7.3.5 INDIC"ATING EF:ECT-

OF ENVIRONMENT

MATERIAL. ALUMINUr- -7050
CONDITION: T7351

DEL-TA K .DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

E* E R I'
'3. 5/ NACL

A 3. 1i 017
DELTA K B: 8

MIN C:
D

3. 50 102
4.00 271
5.00 765
6.00 1.67
7.00 3.27
8. 00 5. 76
9.00 9.2
10.00 13. 5

1300 29. 9

20.00 78.5
* *25.00 121.

A 27.97 152.
DELTA K B:

MAX C
D

ROOT MEAN SQUARE 10. 75
PERCENT ERROR

*LIFE 0.0-0 5
PREDICT ION 0. 5-0 2

RATIO 0.8-1 25 1
SUMMARY 1.25- 0
(NP/NA) ~

8.7-42



CONDITION/HT: T7351ALM
FORM: 1.0T LT YIELD STRENGTH:ALY

SPECMENTYPE CTULT STRENGTH.
ORIENTATION L-T SPECIMEN THK: 0. 151
STRESS RATIO +0 0SPECIMEN WIDTH 3. 000" 7050
FREQUENCY 20.00 HZ REFER ENCES:8684 4

AK (MPA V/Th LK (MPA -,,/)
4 10 40 100 4 10 40 100

ENVIRONMENT: @ EVRNET
R.l 10 EVROMN

i 2 3.5% NACL- 2

162 110

10 10'

10 3

S10 1

.10 10101
54

10 10 1-s

10 4 / -7

10' 10

-6 106

108 10 -8 III I Iii __

1 4 10 40 100 14 10 40 100

© ENVIRONMENT. 10o ENVIRONMENT: o

lo02 10 

lo 10

-0 103

10 10
44

10 10

10 lo 10

105 160

10S 106

~1 41000 0
7 7 KI./ht~ KIvT

10ue8...

-43
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FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

DATA ASSOCIATED WITH FIGURE 8.7.3.6 INDICATING EFFECT

MATERIAL: ALUMINUM 7050
CONDITION: T7351

DELTA K DA/DN (1O**-6 IN. /CYCLE)
kVSI*IN**l/2)

*A B3 C D

E~ R. T. E= R.T.
H. H. A 3.57. NACL

A: 6.08 1.52
DELTA KB: 5.19 .272

MIN c:
D:

6.00 1 .15
7.00 2.47 4.36
8.00 3.71 9.90
9.00 5. 15 16.2
1000 6.79 229
13.00 13 1 54.4
16.00 223 106.
20.00 42 1 171.
25. 00 83.3 237.
30.00 141. 316.

A: 30. 06 142.
DELTA K B: 32. 15 367.

MAX C:
D:

-ROO-T MEAN SQUARE - - - -6. 27 -- - -.-- 8-42 - - - - - - - - - - - - - - - - - -
PERCENT ERROR

*LIFE 0.0-0 5
PREDICTION 0. 5-0.8
RATIO 0.8-1 25 1

*SUMMARY 1.25-2.0 1
*(NP/NA) >2 0

8.7-44



CONDITION HT T7351ALM
FORM, 1.00'TH PLATE YIELD STRENGTH ALLOY
SPECIMEN TYPE CT ULT. STRENGTH
ORIENTATION L-T SPECIMEN THK. 0. 148- 0. 152"

* .STRESS RATIO i-0. 10 SPECIMEN WIDTH' 3. 000"75
FREQUENCY 2. 00 HZ REFERENCES: 86844 75

* - AK IMPA n K (MPA V~
4 10 40 100 4 10 40 100

10 ENVI ONM1VENT. R. T..ENVIRONMENT R. T. 10
H. H.A. 3.5% NACL

10 102 3 0

10 1O
110

0 t- 02 10 103
E

10' 105

1106 106

10 4074 0

10- 100 61

1001

10 2- 162ia

_ _ _ _ _ _ _ _ _ _ - 10 -10**1 io~10 3

3E
~10 10

10Y 20
106 10

10- 10 1
10'1 3 E__ _ _ _ _ _ _ _ _ _ _

106 106

104 1 4 0 1 4 0 4 0
AK KS ~ AK(KSI 'l10

Iicgur'2.7.TD

* ~. 7- 4



TAB3LE 8.7.3.7

FA'TlICUF CR4ACK GROWTH RATE5 AT DEFIINED LEY.EL=
OF STRESS INTENSITY FACTOR

* , .*DATA-' ASSOCIATED W11,4 FICURE 3.... NDICATING EFFEC7

Of ENVIRONMENT

MATERIAL ALUM I N! l 0O O
CONDITION T_7A51

DF TA DA/DN (l1O'*-6 IN. /CYCLE)
- . (KS IN**l:2

A B C D

E L= R T
DR YAIR S Tw

A , o~9 1
DELTA K B 5 1 94

MIN C

6. 00O 942 4 30
700 C 1 6488

8. 00 3 01 13 2
9.00, 4 93 16 6 i.

10. 00 6. 921 20. 4
13. 00 13 0 42. 8
16. 00 22 6
20. 00 . 62. 1

A. .20. 51 72.4
DELTA K B: 15. 33 .45 1

MAX C.

D.

ROOT MEAN SOUAPE 10 72 14. 34
PERCENT ERROR

LIFE 0.0-0, 5
PREDICTION 0. 5-0. 9

RATIO 0. 8-1 25
SUMMARY 1. 25-2.0

0(NP/NA) >2.0



CONDITION/HT 17~;
FORM .02 4.0 E--
SPECIMEN TYPE LL

T  
H Nj T-.-

ORIENTATION -SEMNT
*.STRESS RATIO '.3-3 )PEi MEN vl -

- -FREQUENCY . - 22 .RE RN(F'

AK (MPA -,/7) '
4 10 40 100

!til I ~I 7 T !'TTT T'' ''r

"y JV'RONMENT0 ~ ENVIR(DNME.NT

1010 T-

---oi 10
10' 1-0__ _ _ _ _ _ _ -1 -1--- ---------

u 10 -10

10

0 10 57- 10 -

* 010 10 _

1010~ ~

4 1 40100 ©1 4 1040100

()ENVIRONMENT: 10 @ ENVIRONMENT 10

102 
i2

10 10

10~ 3 100 3~1

~~1 1021-

10 10 1

p 1 0 0

100

10 101

10 - 10'

10' 1 h h I~~ - I I
14 10 40 100 1 4 104 100

ZK (KSI in) (Kt ,n

-,1i~ 87.



*

TAI3LE 8.7.3.8

.'-!..TIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

-. DAr- 4SSOCIATED WITH FIG-URE 8.7.3.8 INDTCATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMiNO.M 7050
CONDITION T!3b'C

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**I/-')

A C D

E- R. T E= R. 1 E= R.T.

DRY AiR H. H.A. S.T.W.

A: 5. 6,4 8: 6
DELTA K B: 5. 6c 1.36

MIN C: 4 52 1. 58

5.00 1 72
6 00 .981 1 87 3. 6,9
7. 00 1. 86 4. 08 7. 26
8.00 3-63 6.44 12.0
9. 00 6. 11 8. 73 16. 7
10 00 8. 65 11. 2 21. 0
13.00 19. 1 25. 8 35. 9
6.. 100 49.0 62. 3 .562 .

A 18. 96 89. 2
DELTA K B' 18. 14 134.

MAX C: 17.01 61.7

ROOT MEAN SQUARE 24. 19 13. e 18 31

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1 25
SUMMARY 1. 25-2. 0

. (NP/NA) >2. 0

8.74



CONDITION/HT: T7351 A.
FORM: 2.00- 4.00"TH PLATE YIELD STRENGTH: 50. 9- 63. 4 3 11C
SPECIMEN TYPE: CT ULT. STRENGTH 72. 1- 74. 4 NS'
ORIENTATION T-L SPECIMEN THK 1. 000"
STRESS RATIO: +0.33 SPECIMEN WIDTH: 3. 805"
FREQUENCY: 1. 50- 20. 00 HZ REFERENCES:AL01 I

-K (MPA Vm ")  AK (MPA v/- )

4 10 40 100 4 10 40 100

ENVIRONMENT: R. T. 100 ENVI ONMINT: R.7.
DRY AIR H. H. A.

10. -- __10__- _

.-. ,103 -- 10_3 -
a)10 *11

3* 3u 10 - 10 --
10/

*i 10 '____--_ - 10
.  10 - 0

_.-:__z___ _ - _06

">-1 16 10
.  

10 4

10.°  lo0-

z 5
10,i!! - _0o-- _ o

10- 10

1i -'

-- ENVIRONMENT: R.T.. 100 ENVIRONMENT: 10,

S. T. w.
162 16i2

100 10'
,--3 0 10-3

0"1 2 10.3

102 102
44 -4"

-I"= 10-  10 3 E
1 =- _ 5

z ____10 - o zE

10. - 10

cv -4

-0 10-10
7-__._ __,_ __. ____ _

10.--- 06 -- __ __ __ 1

10-6 10 -6

• 4 10 40 100 1 4 10 40 100i:A ' AK (K SI V "i ) 6K (KSI v/Tn)

Figure 8.7.3.8

i .



TABLE 8.7.3.9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

-ATA- -SOIATED WITH FIGURE 8.7.3.9 INDIC.ATINr, EFFECT

OF ENVIRONMENT

MATERIAL. ALUMINUM 7050
CON4DITION T7351

DEL-TA K DA/DN (10**-6 IN. /CYCLE)

A B C D

E- R T. P= R T.
DRY AIR 9 . W

A: b6 .39
DELTA Kb

MIN C:
D

6.00 .937
7. 010 1.77

A 7.69 2.77
* DELTA KB:

MAX C
-. D

ROOT MEAN SQUARE 10.40 0. 00

PERCENT ERROR
- - - - - - - -- - - - - - -- - - - - - - - - - - - - - - - - - - - -- - - - - - -

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2.0

*(NP/NA) >2.0

* R..7-50



~ r t li W, . .7 w

CONDITION/HT: T7351ALM
FR: 4. 00"TH PLATE YIELD STRENGTH: 63. 4 KSI ALLOY

SPECIMEN TYPE: CT ULT. STRENGTH: 74. 4 KSI
ORIENTATION' T-L SPECIMEN THK. 0. 250"
*STRESS RATIO: --0. 67 SPECIMEN WIDTH: 2. 550" 75
.FREQUENCY: 30. 00 HZ REFERENCES: ALO 1 75

II AK (MPA V'm) AK (MPA /T
4 10 40 100 4 10 40 100

ENVIRONMENT: R- T. * 100 ENVI O8NMENT: R. T..
DRY AIR S. T. W.

10 10-1

1010
100

>1_ _ 104_ _ -0-u

u 10 4
10 3 E

* z 
E

~10 10- z
10 4o

10, t

100

*~~1 10 5__ 
_ _ _ _

121106 10

- '14 10 40 100 1 4 10 40 100

© ENVIRONMENT: 10 @ ENVIRONMENT 10'

10, 102

10

10 ij' 10

10

u. 44_ _

* *-0 10-
3

10 E
z E__ 0

10 10
4

10 1 e

_____ ____ _ - 0 10

10'

100 10

14 10 40 100) 4(i 0(



TABLL 8.7.3.10

* FAiTIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

-' DATA ASSOCIATED WITH FIGUIRE 8.7.3.10 INDICATING EFFECT

OF ENVIRONMENT

* MATERIAL ALUMINUM 70.50
CONDITION: T735;

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN*i41/2)

A B3 C D

E~ R. . U-= R. T. E= R. T.
DRY AIR H. H. A. S, T W., 20HZ
1. 5-15HZ 10-20HiZ

A: 5. 73: .995

DELTA K B: 5. 73 :1. 76
MIN C 5. 7: 4.26

D:

6.00 1 .01 1.73 4.82
7.00 2.09 3.33 7.80
8.00 3.65 6.00 11.8
9.00 5.36 6.85 1568
10.00 7.36 11.9 19. 7
13.00 . 19. 7 26.8
16.00 73.2 76.4

A: 18.783 193,
DELTA K B: 17.68 192.

MAX C: 11.73 27.5
D:

ROOT MEAN SQUARE 16.80 15.-19 13. 74
PERCENT ERROR

KLIFE 0.0-0.5
PREDICTION 0.5-08
RATIO 0.9-1.25
SUMMARY 1. 25-2. 0

-V(NP/NA) >2. 0

8.7-52



CONDITION/HT: T7351 FJT
FORM: 4. 00"TH PLATE YIELD STRENGTH: 60. 0 i<SIALO
SPECIMEN TYPE: CT ULT. STRENGTH. 72. 4 KSI [
ORIENTATION- S-L SPECIMEN THK .1. 000',

*STRESS RATIO: 0. 33 SPECIMEN WIDTH. 3. 805" 7050
FREQUENCY: REFERENCES: ALOO 1

4 10 40 100 4 10 40 100

ENVIRONMENT: R. T. *100 ENVII8NM 1NT: R. T.T, IITlDRY AIR, 1.5-15HZ H. H. A., 10-20HZ

10.- 10'

1 3  o3

102 102

U10 101

'ol 10 3 E

lo- 100

101 -10 1

7.

10 -6 10

1 4 10 40 1004 10 0 10

ENVIRONMENT. R. T.. 100 ENVIRONMENT.10
-2 S. T. W. *20HZ 10-

100

10'
U4 0

>c 1 03_ _ 1
C io 10 3 E

~110 z

100

1106

10 10"

10 41000 0

.1~10

Figure 8.7.3.10
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TABLE 8.7.3.11

F7ATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

*DATA ;%SSOCIATED WITH FIGURE 8.7.3.11 INDICATING EFFECT

Of- ENVlRONMEN't

fATERIAL- ALUMINUM 7050

CONDITION: T735iX[

DEl.TA K .DA/DN (10**-6 IN. /CYCLE)
(KcSI*IN*ifl/2)

A B C D

E= R. T. E= R 1.
.L. H.A. 1-.H.HA

A: 4. 5 5 .. 3V7
DELTA K B 3.54. 262

MIN
D:

4.00 457
5.00 495 1 21
6.00 660 2. 58
7.00 .974 4. 70
8.00 1 .50 7. 65 z

*.9.00 2.32 11. 4
10.00 3.48 15 9
13.00 9.55 32.7
16.00 20. 1 50.6

A. 16.90 336
DELTA K B: 17.49 58. 7

MAX C:
D:

ROOT MEAN SQUARE 7. 12 9. 78

PERCENT ERROR

LIFE 0. 0-0.-5
PREDICTION 0.5-0.8

RATIO 0.8s-1 25 12
*0 SUMMARY 1. 25-2. 0

(NP/NA) >20

0 8.7-54



CONDITION/HT: T7351X [TUM. j
FORM: 0.91 "TH EXTRUSION YIELD STRENGTH. ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION' L-T SPECIMEN THK: 0. 899- 0. 900"

- -. STRESS RATIO: 0. 33 SPECIMEN WIDTH: 3. 100" 7050
FREQUENCY: 20. 00 HZ REFERENCES:AL007

&K (MPA V/'m) AK (MPA Vm)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. - 10 0 ENVIRlONMENT R. T..
L. H. A. H. H. A.

10 _l0

_10-3 10-
3

2  2

00

0" 1 1 10 0

105 1 3  E

o 1010

100 10

166 1-,-

55
10- 1 0

.6 io6

-8 168 JJh iiWJ
1,_ 4 10 40 100 1 4 10 40 1000 @-'-". -- I ' l'ljlJ I ' I'I'I'I - ' ' ' ' ' '

.. ENVIRONMENT: 10 - ENVIRONMENT: 10 ,

1 2 16_______ 2

101 10-1

1 o3'- 10lO.3  l2 . 3

163 10F
:::-- 102 -

Ch 
> 100" 010>

[! ."105 s  10- s  
-z

6 _--6

10 10

3]

1 7 1- -- 1100 1006
.'.." I0 4 0 10 4 104 0

-. KS T K(KSI v'Tn)

Figure 8.7.3.11]

8.7-55
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TABLE 8.7.3.12

* FaTIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.12INDIC-ATING EFFECT

OF ENVIRONMENT

MATERIAL. ALUMINUM 7050
CONDITION: T7351X

*DEL-TA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A 13 C D

E-:R T FR.T.
L.H. A. H. H. A

A 3. ?0 .201
DELTA KB: 3.7 2 376

* . MIN C
D:

4.00 .335 .454

5.00 1 06 2.25
6.00 2. 08 4.21

*.7. 00 3 25 6.74
8.00 4. 53 9.95
9.00 5. 97 13.9
10.00 7. 69 16.4
13.00 16. 3 35.7

*.16.00 377

A: 16.93 50.0
DELTA K B: 14.95 49 4

MAX c:

ROOT MEAN SQUARE 22. 77 7 56

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0 2
RAlIO 0.8-1 25 1 2
SUMMARY 1-25-2 0 1
(NP/NA) L2 0

8. 7- 5()



CONDITION/HT: T7351X ALUM.
FORM, IL91"TH EXTRUSION YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH
ORIENTATION- T-L SPECIMEN THK* 0. 899- 0. 900"
STRESS RATIO: -60. 33 SPECIMEN WIDTH: 3. 805" 7050
FREQUENCY. 20. 00 HZ REFERENCESAL007

&K (MPA - /m) &K (MPA -\/Th)
4 10 40 100 4 10 40 100

R.1 0OMET R. T.~
ENVIRONMENT: R 4 10

L. H. A. H. 12 .H. A. 0

101 10-

100 102

*~l 10l -1

10 1 1 '
E

10
4

10- 10-~

11 
6

106 1 06

1_ _ _ _ _ _ __ _ _ _ _ _ -10 4604 0

ENVIRONMENT: 100 ENVIRONMENT: 100

1-2 
162______ 

________

100

101 10

1010

Z0 EE0

zo _ _ _ _ _ _ 1_ _ _ _ _ 4 1 0 -4
u4

10- 310
100

10- 104

1 0~'1-

10 106

108 10 1 11111 ~...... o
14 10 40 100 1 4 10 40 100

A K (K SI V/'i n AK (KSI 'n)
Figure 8.7.3.IZ
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0, - -- rAI3LE 8.7.3.13

FATrIGUE CRACK G-ROWTH4 RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ;%SSOCI"TED WTTH FIC-URE 8.7.3.13 INDICATING EFFECT

OF EN- 'IRONMENT

MATERIAL: ALUMINUM 7050
CONDITION: T7351X

DELTA K .DA/DN (l0**-6 IN. /CYCLE)

(KSI*IN**1/2")
A B C D

E= R T. E= P. T.
L.HA H. H. A

AA: 3 9 '352
DELTA K B: 2,90 . 174

MIN C.

3.00 170
3.50 295
4. 00 372 573
5- 00 862 1 .41
6.00 1 69 2. 62
7.00 2.97 4.33

*.8.00 4.69 6,83
9.00 6.78 107

*10.00 9.90 16 6
13.00 646 68. 2

*.A. 13.94 157.
DELTA KB 14.35 134.

MAX C:

ROOT MEAN SQUARE 19.29 12.66
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0. E8

RATIO 0.8-1, 25 1 2
*. SUMMARY 1.25-2. 0
*- (NP/NA) >2. 0



CONDITION/HT: T7351X ALUM.
FORM: 5. 00"TH EXTRUSION YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT STRENGTH:
ORIENTATION T-L SPECIMEN THK: 0.990- 1. 000"
STRESS RATIO: +.0.33 SPECIMEN WIDTH: 3. 05" 7050

.. FREQUENCY: 20.100 HZ REFERENCES:AL007

&K (MPA /m) AK (MPA y/-n)
4 10 40 100 4 10 40 100
1 41111.11  0 NIFOMN I Il i

ENVIRONMENT: R. o 10ENVIRONMENT: R. T..
L. H. A. H. H. A.

-- l1-2 _o-2

10 1

101 10-

10-0 10 .4

1010
0. 10

::z 10 10-  -

/) -
73- 

1 0 - 4  " - 10 4

10
. 6 0 1010100

0- lo

10 10 108 F
1 4 10 40 100 4 10 40 10

ENVIRONMENT 100 @ ENVIRONMENT: 10 0
010

101 10 -24

Z~1 100- -- 1 5
10 - 1

10 10lo4 _ _ __ _ _ _ 10 U I

C 10 10

10 10-

10 104,

10 - 0

10 8 10-8

* _ 108 I i il l I ......... I.......il. il.J. - 10I I I 11 l1 l1 I I ii l I,
1-4 10 '10 100 1 4 10 40 100

AK (KSI i-n) AK (KSI N/ n)

Figure 8.7.3.13
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TABLE 8.7.3.14

FATGUECRACK GRWHRATES ATDEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA A-SSOCIATED WITH FIGURE 8.7.3.14 INDICATING EFFECT

OF ENVIRONMENT

MIATERIAL: ALUMINUM 7050
CONDITION: T7351X

DE-LTA K . DA/DN GO0**-6 IN. /CYCLE)

A B C D)

F = RT. E= R.I
L. H. A. H..A.

A: 3.7D 4H6
DELTA KB 3 76: 756

MIN C.

4. 00 . 568 .880

5.00 : 810 1 .38
6.00 1.08 2.47
7.00 1.45 4.45
8.00 1.96 7.05
9.00 2.67 9. 43

10.00 3.67 11 2
1300 9.91 19 4
16.00 55. 1 61 0

A: 16. 16 70.0
DELTA K B. 16.55 81.4

* MAX C:
0

9. ROOT MEAN SQUARE 16 45 10,26
PFRCENT ERROR

LIFE 0.0-0 5
PrIEDICTION 0. 5-0. 8

RATIO (6 8-1 251
-0SUMMARY 1.25-2.0

K . (NP/NA) >2. 0

R.7



0 CONDITIONiHT: T7351X ALUM.
FORM: 5. 00"TH EXTRUSION YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT STRENGTH;
ORIENTATION S-T SPECIMEN THK: 0. 998- 1. 000
STRESS RATIO: 1. :33 SPECIMEN WIDTH: 3. 805" 7050
FREQUENCY: 20. 00 HZ REFERENCES:AL007

&K (MPA ~/h)AK (MPA V/m)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. T. 100 N NMENT R. T.
L. H. A. H. H. A.

2 -__-- O-2

10 010-

i0-1 lo -,
10 lo102

2 -4

10 10

10 EE

Z -5I..P 1 0 io10 z
4 p

0 10o- lo-S
6 10 10

106 10 a
10- -6______________

106 10

10 1I l it I. I..I.liltII..11.1.1J1-101 1 1i1 _111

,4 10 40 100 4_10_40_ 100
),,°... @ I ' I II' 1 l ' II~ lll - @I I T f l I I I~l

I -

ENVIRONMENT: 10 @ ENVIRONMENT: 100

2 1 210
10 10 l

10 10

10 10

010 103

>: 10
I 4

-110 10
6  

10
E

... O- 10 . 0 -_ _ _ _ . z0
54 5

lo 10
10 C -6

1 0-1 0 1 0

1007~ _ -- ____
z

_--

10~1 6 6____________

-106 -106

" ;" 108 II I ,I I 1 ,11 - I0 - I8 .1 .l .. L..1i.1 1 . i -
1-4 10 40 100 1 4 10 40 100

AK (KS 1/7) AK (KSI i n)
8.7.3 14

Iii: . . 7- . . . .,



TAIRLE 8.7.3.15

;74ATIGUJE CRACK PROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA A9 SOC!ATED WTTH FIGURE 8.7.3.15 INDICATINQ EFFECT

OF STRFSS RATIO

MATER IAL ALUMINOM 7050
CONDITION: r735ij
ENVIRONMENT: R~ T oL H x^,

DELTA K DA/DN (10**-6 IN. /CYCLE)

A C D

R--0 10 fi +o 50

A: 3. lc 0649
DELTA K B: 1. 30 . 0133

MIN C:
D:

I .60 0268
2. 00 0496
2- 50 0865
3. 00 138
3. 50 .0815 .216
4.00 .115 336
5.00 225 .778
6.00 .416 1. 61
7.00 .723 2.93
6.00 118i 4.77
9.00 1.63 7+08
10.00 2. 71 9. 88
13.00 7. 00 23.3
16.00 14. 5 52.5
20.00 32. 0
25. 00 73. 3
30.00 190.

A. 31.94 311.
DELTA K 9: 19 47 152.

MAX C
D

-- - - -- - -- - - - - - - - - - - - - - - - - - - - - - - - - -
ROOT MEAN SQUARE 17 51 19 61
PERCENT ERROR

LIFE 0 0-0 5
PREDICTION 0,5-0 8
RATIO 0. 6-1 25 11
SUMMARY 1 2b-2 C'
(NP/NA) 0

F38.70



CONDITION/NT: T73511 ALUM
FOPM: 1.80'TH EXTRUSION YIELD STRENGTH:ALO

* SPECIMEN TYPE. CT ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK: 0. 249"
FREQUENCY. 8. 00- 50. 00 HZ SPECIMEN WIDTH: 2. 500" 7050

* *ENVIRONMENT: R. T. . L. H. A. REFERENCES:AL006

AK (MPA -\/M) AK (MPA ~~
4 10 40 100 4 10 40 100

100
STRESS RATIO = -0. 10 10STRESS RATIO -. * 50

16 102
10-1 ~10.1.

1 o3  1 oF3

10. 2 1

1 4 .4

010 10- 10E

z o- 5 10' ____5____

10 10 r

5  1 5

___ ___ _o__ - 6 - m10 -6

* 08 1... 1 1 lilW .... L....L I J 101 8 1..1.. 1 1 ..L l..LL I II
1 4 10 40 100 1 4 10 40 100

STRESS RATIO= 100 STESAI=100

1-2 -102

100 10

10~ i
-2 -2

10~ 102

10 0

S ~10 10

110 1010'

16 6 10-6

1~1 41040101 4 10 4 0

AK (KSI V)AK (KSI
Figure 8.7.3.15

68.7-63 v



TABLE 8.7.3.16

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA. ASSOCIATED WI-TH FIGURE 8.7.3.16 I-NDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 7050
CONDITION: T73511
ENVIRONMENT: R, T L. H, A.

DELTA K DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B3 C D

R f-0- 33

A: 4. 51 270
** DELTA K B:

MIN C:

5.00 334
6.00 433
7.00 589
8.00 6871
9.00 1.34
1000 2.06
13. 00 7. 44

- .16.00 22.8

A: 17.86e 42. 1
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 20. 04
PERCENT ERROR

LIFE 0.0-0, 5
PREDICTION 0. 5-0. 6

RATIO 0.8-1. 25 3
SUMMARY 1.25-2 0

*- (NP/NA) ',2. 0

* 8.7-64



CONDITION/HT T73511 ALUM.
FORM 1.80"TH EXTRUSION YIELD STRENGTH ALLOY
SPECIMEN TYPE: CT ULT STRENGTH
ORIENTATION L-T SPECIMEN THK 1. 002- 1. 003'
FREQUENCY: 7.50- 15.00 HZ SPECIMEN WIDTH 3. 100'75
ENVIRONMENT: R. T. *L. H. A. REFERENCES.AL006

* .AK (MPA A~ AK (M PA 'V/-M
4 10 40 100 4 10 40 100

STRESS RATIO -- 0.33 STRESS RATIO

622 1 2

102 10

-3. 310 -10-

10 10 2

16 10

C 100-3
110

1o - 5 _ _ _ _ _ _ _ _ _ _ _ _

10- 106

10 1

10' 10-5

10 -2 10~

1 44 10 4 0 0 4 0

U0 10

162 
12

10-110 E

1z 7 -s _ _ _ _3 0*~ 10
2V

10o~10

6 6
10 10 3 10

10- 15 105

106 106

* 10 6 10866~i

1 4 10 40 100 1 4 10 40 100
AK (KSI vrin nK (KSI V'Tn)

Figure 8.7.3.16



TAB3LE 8.7.3.17

PATIQUE CRACK' GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

LDATA ASSOCIATED WITH FIGURE 8.7.3.17 INDICATING EFFECT

OF GTRESS RATIO

* MATERIAL: ALUMINUM 7050
CONDITION. T73511

* ENVIRONMENT: R T. , l. 1. A.

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B3 C D

* R--+0. 33 R=+0.50

A: 2. 7~

DELTA K B 13 .00601
MIN C:

D:

1.60 .0307
2. 00 . 0707
2.50 .112
3.00 .140 .161
3.50 .200 .237
4.00 .295 .373
5.00 .637 1.04
6.00 1.26 2.3 4
7.00 2.34 4.00
8.00 3.95 5.92
9.00 6.15 8.16
10.00 8.94 10.9
13.00 19.9 25.7
1600 31. 0 67.4

A: 16. 62 32. 8
DELTA K B: 16.39 77.2

MAX C:
D .

ROOT MEAN SQUARE 14.29 21.97
*PERCENT ERROR

LIFE 0.0-0 5
PREDICT ION 0. 5-0 8

RATIO 0.8-1 25 3 3
SUMMARY 1.25-2 0
(NP/NA) 20

* 8.7-66



L .

'. CONDITION/HT: T73511 1LM
FORM: 1.80"TH EXTRUSION YIELD STRENGTH: ALLOY

* - SPECIMEN TYPE: CTUTSREGH
ORIENTATION: L-T SPECIMEN THK: 0.. 249- 1. 0001

-FREQUENCY: 15. 00- 0 0H SPECIMEN WIDTH: 2. 500-310 7050
* ENVIRONMENT: R. T. *H. H. A. REFER ENCES ALOOS

&K (MPA V/m) &K (MPA VN/F)
4 10 40 100 4 10 40 100

STRESS RATIO= -0. 33 00STRESS RATIOs -0.50

1-2 1-2

10o 10

1 > 3 0-43

olO - 10 -

.310
1010 E

z 5 55S 10. 10.
100z

1016
10' 510'5

0- 7 I 0.7o 3 i

0 410

106 10- E

10-8 108

1 oo

10 c

-10 6 __3___ 
10-6

1010' 1

~1 40 30 40 101 4EO4 0

. 0-

.. .. ... .. ... .. ... .. ... .. . .. .. . .. .. . .. .. . .. .. . .. .. . .. .. . .. .. . .. .. . .. .. . .. .. .



TABLE 8.7.3.18

F,%TIGUE CRACK GROWTH RATES AT DEFINED LEVEL 5
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FICURE 8.7.3.18 INDICATING EFFECT

OF FREQUENCY

MATERIAL: ALUMINUM 7050
*. CLN'DITION. T73511

.5: ENVIRONMENT- R T Hu 1 A.

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

F (HZ)= 2. 00 F (1117) 15. 00 F (HZ)= F(HZ)= 50 010
10. 00-20. 00

A 7. 40 : 1 76
DELTA KB: 3.31 .119

MIAN C 6.68 . 796
D 2.62 .011

3.00, .0266
3. 50 . 139 . 0526
4.00 .210 0783
5. 00 . .454 .296

6.00 .. 890
-. 7. 00 1 .59 1 .11

6.00 2. 39 2.63 2.35
9.00 3. 69 4. 04 3. 75

10. 00 5. 31 5.865 5. 16
13.00 121. 3 134 10.2I
16.00 230 2 28 20. 3
20.00 : 45. 5 4 5. 5
25.00 94. 6

* -30.00 . 163,

35.00 341.
40.00 619.
50.00 . 1664.

A 53. 47 5381,
DELTA K B 16.26 23. 6

*MAX C: 23.95 8.
D: 5.55 634

ROOT MEAN SQUARE 14. 59 6.94 10. 17 21, 61
PERCENT ERROR

*LIFE 0. 0-0 5
PREDICTION 0, 5-0 8

RATIO 0. 8-1 25 1 1 1
SUMMARY 1. 25-2 0
(NP/NA) :2 0



CONDITION/HT: T73511
FORM: 1.80"TH EXTRUSION YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT STRENGTH:
ORIENTATION: L-T SPECIMEN THK: 0. 154- 0. 249"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 500- 3. 000" 7050

-ENVIRONMENT: R. T. H. H. A. REFERENCES:86844. AL004. AL006

AK (MPA /m) AK (MPA X/-M)
4 10 40 100 4 10 40 100,._' , r,,w '1o°® - I ' ,,, I T T I' 'I

FREQUENCY (Hz) 2.00 100 FREQUENCY (Hz) 15. 00

10 i1010.  10-

-io2 10.3  10 '

-40

-10 100 104

10 10 

10.  10

10 
8  

, I I, , , I ll , - 10.8  I- l I - l

4 0 4101 10

0 --102

10 10.1

z6

0 ---- z
10 l0o

0 10-8

=: - - 7 1 9 10
4

1 10 00- 2.

10 1)10

10 -- - 10 i -
1- 4 01 0 1 410 '

1 . 10 -- E-

zA

10..... 
10

. . . .

" . .1 4 10 40 100 14 10 40 100"-
-" . K (K S I -in ) ,K K S I 7. n' )"

b['. Fi ,.u r e 8. 7. .18.

41=o.



TAB3LE 8.7.3.19

PATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRlESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.19 INDICATING EFFECT

OF ENVIRONMENir

MATERIAL. ALUMINUM /050

CONDITION T73511

DELTA K~ DA/DN (lCO**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B C D

E=: R. Tr E= R.T.
L. H. A. H H. A

*.A: e .094
DELTA K B: 2. 7S 038

*MIN C: 0
D:

3 00 .124 .0558
3. 50 . 16 126
4.00 .262 .262
5.00 .538 .655
6.00 1.03 2.03
7.00 16 E2 3.62
6.00 3.01 6.20
9.00 4. 67 9. 10
10.00 6. 6. 1 2. 4
13.00 16. d 23. 9
16.00 307

A: 17.22 370
DELTA K B: 14.82 31. 5

MAX c:
D:

ROOT MEAN SGUARE 22. 14 17. 00
PERCENT ERROR

*LIFE 0.0-0. 5
PREDICTION 0.5-0 B

RATIO 0.8-1 25 7 6
* SUMMARY 1. 25-2. 0 1

(NP/NA) ~ 20

*8 :7- 7:i



CONDITION/HT- T7351 1 7i
FORM: 1.80"TH EXTRUSION YIELD STRENGTH LO
SPECIMEN TYPE: CT ULT STRENGTH
ORIENTATION T-L SPECIMEN THK: 0. 998- 1. 004"
STRESS RAT1I -0.33 SPECIMEN WIDTH: 3. 805"
FREQUENCY: 7. 50- 20. 00 HZ REFERENCES:ALOOS. AL004, AL007 75

- . AK (MPA Vm) 6K (MPA V/mT
- .4 10 40 100 4 10 40 100

- ENVIRONMENT: R.T.1 ~ '.' ENVI ONMENT: R. T.'.1I
L. H. A. H. H. A.

10 10

10 1-

10, 10 3

10 4' - 10-

1 05 105

* 0 7 0

1IS 10,i~

10 8 a0 o
- 08

1 4 ENVRONEN 100 1 ENVIRNMEN 100

01

3 103
- . 100

* ~ l0 -____- 100
10'

E
z 10

-~ 10 10,c

10~ 10-

*1 4 10 40 100 1 4 10 4U 100
6K (KSI V/in) AK (KSI N./Ti

Figule 8.7.3.19)

0 ~,.7- 71



"ABLE 8.7.3.20

"ATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

SDATA ASSOCIATED WiTH FIOURE 8.7.3.20 INDICATIN EFFECT

%F- ENVIRONMENT

MATERIAL ALUMINUM 7050
CONDITION: T7351i

DEL TA K DA/DN (10**-- IN. /CYCLE)
(KSI1IN**1/2)

A B C D

E= R. T. E= R T.
-L H. A H I. A.

A 1 9D 0.)3
DELTA K B 1 78 006

' MIN C 64

2. 00 03i9 0194
2, 50 .0613 0650
3. 00 0957 116
3. 50 136 183
4. 00 i .296
5. 00 .769
6. 00 ;6 1. 82
7.00 1. 07 3. 79
8.00 1- 99 7. 05

- " 9.00 3 71 11 8
10.00 6.54 17 9
13. 00 21. 0 40 8
16. 00 46. 8

A: 18. 10 172.
DELTA K B 15.39 61 2

MAX C

ROOT MEAN SQUARE 18 08 24. 27

- [ PERCENT ERROR

LIFE 0 0-0 5
PREDICTION 0 5-- 8

' RATIO 0 H-1 25 1 2
SUMMARY 1 -'5-2 0 1
(NP/NA) 120

S

* o. 7



CONDITIONHT T735V. LUM
0 FORM 1. 80"TH EXTRUSION YIELD STRENGTHALO

SPECIMEN TYPE CT ULT STRENGTH
-*.- ORIENTATION T-L. SPECIMEN THK 0.243- 0.999'

FREQUENCY 10. 00- 40. 00 HZ REFERENCES AL006. AL004 75

A K (M PA L AK (M PA m)rn
4 10 40 100 4 10 40 100

EDNL.RONMENT R. T. 10 O ENIRONMENT R. T. - -
L. H. A.H. H.A.

10I--10 10K

10 -- -- 4---__ ___ 3 ___ ___ ___ ____10

100

io 0

I 10 1 1-

10 - 10 10, I
1010

1' 40 100 10 40 0

(5' 1N I 10 T ITf 'I

ENVIONMENT o 10 ENVIRONMENT 10

1010 10,-K:

10 -10 _ _ _ _

10

> 4 ___ __ _ ___ _ -10

2 10

1* 10 -0 00 --

Z K (K,10



TABLE 8.7.3.21

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.21 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050

CONDITION: T73511-HIGH PURITY

DELTA K DA/ON (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R. T. E= R. T.
LAB AIR H. H. A.

A: 5.87 .. 505
DELTA K B: 5.85 .524

MIN c:
D:

6.00 :.505 .730
7.00 :.855 2.85
8.00 : 2.24 5.41
9.00: 4. 18 8.53
10.00 : 5.93 12.2
13.00 : 9.22 26.0
16.00 : 26.7 41.8

NA: 16.48e 36.0
DELTA K D: 19.25 :51. 7

MAX c:
D:

ROOT MEAN SQUARE 22. 13 9. 79
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 9

RATIO 0.8-1.25
* SUMMARY 1.25-2.0

(NP/NA) >2. 0



~g CONDITION/HT: T73511-HIGH PURITY A LU M.
FORM: 1. 50"TH EXTRUSION YIELD STRENGTH: 72. 1 KSI [ALLOY4, SPECIMEN TYPE: CT ULT. STRENGTH: 80. 3 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 625"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 550" 75

% *FREQUENCY: 30. 00 HZ REFERENCES: WAOO01

.4 K(MPA %/-M) &K (MPA -%/--)
4 10 40 100 4 10 40 100

ENVIRONMENT: R...10 E NV O1NMr;N T: R. T. 111
LAB AIR H. H. A.

1-2 16_______ 2 L________ --------______

10' 10

-2 02

10O 10
1 4E >

E

o 10 10-

101

67 
-7

10 10

1 4 10 40 1004 10 0 10

k!Z; NVIROMENT:loo @ ENVIRONMENT: o

10- 10-

1 10
4. U

10' 10-3 E

~10 1 z

10

-6 -5
10 - 10

-6 -710 10

16 1- 110It ti

1 4 10 40 100 1 4 10 40 100
&K (KSI -,/in &~K (KSI vln)

* Figure 8.7.3.21

* 8.7-75
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TABLE 8.7.3.22
""'FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE8.7.3.22 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050
CONDITION: T73511-HIGH PURITY

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E- R. T.
LAB AIR

A: 6.09 .684
DELTA K B:

MIN C:
D:

7.00 : 1.26
8.00 : 2.03
9.00 : 2.92
10.00 : 3.97
13.00 : 9.19
16.00 : 23.0

A: 19.26 : 73.0
DELTA K B:

MAX C:
D:

----------------------------------------------------------------

ROOT MEAN SQUARE 11.73
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0. S
RATIO 0.8-1. 25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

8.7-76
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CONDITION/HT: T73511-HICH PURITY ALUM.
FORM: 1. 50"TH EXTRUSION YIELD STRENGTH: 66.5 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 75. 5 KSI

4 ~ORIENTATION- T-L SPECIMEN THK: 0. 625"0
~ASTRESS RATIO: -o0. 10 SPECIMEN WIDTH: 2. 550" 75

' ~ FREQUENCY: :30. 00 HZ REFERENCES: WAO 1 75

*AK (MPA V'/ii) &K (MPA N/Th)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. T.100 @ ENVI ONME NT:
LAB AIR

1-2 1-2__ _ _ _

1 0- 1 0-

10' 101

.110
olO 10 10- E

7 10 ____ 10 5 _____

107 - 1

1 o 5  5

101 -10o

16 1l I Ir

* -' ENVIRONMENT: 100 100VROMET

10.1 10

10

10~ 1- 3

CU 10 0

100

Z 0~ 5- 
Ea

10o 100-61
..W~U~jb .LLLLL' 1*8 WiW~ij LJoF4.

10 4 iO 4 10 1 4 10 4 10

AK (166/ ~ K K I '

iue .. 32
a 8.7-77
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TABLE 8.7.3.23

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS - j
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.23 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050
CONDITION: 1736

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2) A B C D

E - R.1.
: 3. 5% NACL

A: 8. 11 . 9.29

DELTA K B:
MIN C:

D:

9.00 : 12.4
10.00 : 18.0
13.00 38.4
16.00 : 63.4

A: 19.11 : 99.8
DELTA K B:

MAX C :
D:

ROOT MEAN SQUARE 4. 77
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

8.7-78
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CONDITION/HT: T736 AUM
FORM: 1.50"TH FORGING YIELD STRENGTH:ALO
SPECIMEN TYPE: ULT. STRENGTH:
ORIENTATION- SPECIMEN THK:
STRESS RATIO: *10. 10 SPECIMEN WIDTH:
FREQUENCY: 1.00 HZ REFERENCES:91332 7050

* &K (MPA VIM/~ AK (MPA N/W)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. .. 10ENVIAONMENT:
3. 5Z NACL

102 102

10-1 10.1

10 10

>a. 4 __ __4_

01 10 0

z .

-6 10 10 a5

104 0

o75 110

10106 10

-68 1_________ - *j j J

ENIONET lo 10 ENVIRONMENT: 100

10.1 101

10-2 -2

1010

110
E

'o io0 10

6 6 _ _ _ _ _ __ _ __ _ _ i06

*1010

_____1___6 
1010-

107 16 1

d1 4 10 40 100 1 4 10 40 100
&K (KSI &ih K (KSI V7)

Figure 8.7.3.23
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TABLE 8.7.3.24

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.24 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050
... CONDITION: T736

DELTA K " DA/DN (10**-6 IN. /CYCLE)
" (KSI*IN**1/2)

A B C D

E = R.T. E- R.T.
:DRY AIR LAB AIR
20HZ 3-10HZ

A: 10. 73 : 1.02
DELTA K B: 6.44 : 1.90
MIN C:

• " D::

7.00 : 2.94
8.00 5.40
9.00 : 8.45
10.00 : 11.9
13.00 3.69 23.5
16.00 : 11. 1 36.6
20.00 : 29.1 58.7
25.00 : 70.7 102.
30.00 : 183.
35.00 : 340.

A: 25.91 81.7
DELTA K B: 37.11 • 447.

MAX C:
D:

ROOT MEAN SQUARE 7. 50 17. 53

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 2
SUMMARY 1.25-2. 0
(NP/NA) >2.0

8.7-80
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CONDITION/HT: T736 ALM.
FORM: 15-30THFRIG YIELD STRENGTH: 63.68 KSI
SPECIMEN TYPE: CT ULT. STRENGTH: 72. 2 KSI
ORIENTATION- L-T SPECIMEN THK: 1. 002'

-STRESS RATIO: -+0. 10 SPECIMEN WIDTH: 7. 400" 7050
SFREQUENCY. REFERENCES: 91332. NCO02

AK (MPA VW) &K (MPA ~~
4 10 40 100 4 10 40 100

I~~~~~~ ~ ~ ~ ~ F111 I 'I'1 1 tAN'T 1 11111
ENVIRONMENT: lo10 o ENVII ONMENT: R. T..
DRY AIR LAB AIR

16- 20HZ 162____ 3-10HZ _____

100 -1 100 -

101 10 Z

> -4 -4 __ __ __

10O 10

c 3 3~- E
Z E

e' 16 107-

-6 6

16 10

~l 7 .0 
5O_ 

_ _ __ _-1

10 06 10,

4 10 ~40 1004 10 0 10

-' ENVIRONMENT: 10( ENVIRONMENT: 100

10-1 10o

10-3 - 2 u3-

.4.-10 10- 2
4 z

____1 

E 
0_ 

_

.3 -3

10 1074

~1o -lu -

-6 -6
rv-l0 10100 _ __6_ _

16 107

. ' 1 4 10 40 100 1 4 10 40 100

AK(K./-n Figure 8.7.3.24&K(S r)

8.7-81



IILI

TABLE 8.7.3.25

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.25 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050
CONDITION: T136

DELTA K . DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E - R. I'.
:LAB AIR

A: 7. 83 1. 59
DELTA K B:

MIN C:
D:

8.00 : 1. 88
9.00 : 4.00
10.00 : 6.75
13.00 : 17.2
16.00 " 34.3
20.00 : 101.

A: 23. 63 : 355.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 11.08

PERCENT ERROR .p..

LIFE 0. 0-0. 5
PREDICTION O. 5-0. 8

RATIO 0.8-1 25 2
SUMMARY 1.25-2.0

6% (NP/NA) >2. 0

8.7-82
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CONDITION/HT: T735 ALUM.
FORM: 3.00"TH FORGING YIELD STRENGTH: 62.2 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 71. 5 KSI
ORIENTATION- T-L SPECIMEN THK: 1. 002"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 7.400" 7050

". FREQUENCY: 10.00 HZ REFERENCES:NC002

4%'.

&K (MPA ,/'m) &K (MPA v h)
4 10 40 100 4 10 40 100

".-~ ~ JB = IN1 
''' I 

''' 4 111 -

ENVIRONMENT: R. . -=100 E ONMENT:
LAB AIR:::!1 -2 -- _ __10

. 2 -- _ _ _--

10 10--1021 10_

10- 10

>1%4

. oO -10 10 3 E

Z 10 5  

10s
0

10 1"0

::::: 0.6  
10

0-7 
-7

10 __0

.

___--___- 

110

140 
100 1 4 10 40 100

,.,- N IO M N :100o ENVIRONMENT: 100o

i -F

-O2 -O2 _________ _______ __

0 
1100

10- 

10
. 

--

,,-q 0 3  ,- 
1 -o

i-o -Z _ 02  _ 10-2 _

-, 1o- - 10-44 1 40 10 
4 103

EN 

10 E

"'. Z0 -
-1

- ___ 
0 4 "

ER E 1001.10

10 - 10

107 -7

1 0 1 0 1 0

S106 

10.6

..... 10- 8 , iI ,l u A, I t L I J -~ 10.8 LI .L I . L I I, 1 J WI , L l,

cJ

10 40

16o6
0 0 404

' :"&K (SI ' )K (KSI v'n)

".*-+Figure 87.3.25
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TABLE 8.7.3.26

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.26 INDICATING EFFECT

OF FREQUENCY
-------------------- --- --- --- ---- --- -- - --- --- ---- --- --- - -- -I,

* MATERIAL: ALUMINUM 7050
CONDITION: T73651

* ENVIRONMENT: R.T., 3.5%. NACL

DELTA K DA/DN (iO**--6 IN. /CYCl' ")
(KsI*IN*I1 /2)

A B3 D

*F(HZ)= 5.00 F(HZ)= 25.00

A:
DELTA K B:

MIN C:

200. 00

A:
DELTA K B:

MAX c:
D:

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ROOT MEAN SQUARE 0. 00 0. 00
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

8.7-84
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CONDITION/HT: T73851 ALUM.
FORM. 1. 00"TH PLATE YIELD STRENGTH: 70.0 KSI ALLOY
SPECIMEN TYPE CT ULT. STRENGTH: 80. 5 KSI
ORIENTATION. L-T SPECIMEN THK: 0. 750"
STRESS RATIO: --0. 10 SPECIMEN WIDTH: 1. 500" 7050
ENVIRONMENT: R. T., 3. 5X NACL REFERENCES: 88174

AK(MPA AK (MPA v/'Th
4 10 40 100 4 10 40 100

- I 'I, ''I' I 0 ' '' - I 'l' '' ' ''

FREQUENCY (Hzv 5.00 10 FREQUENCY (Hz) 25. 0
lO 2  1-2,,

10 10

10" 10

10 0 10

1 3 10 3 E4

-• e i o 101. 5 -

,10 10 .
E

.16
1 10

10.6 1

-8 ____ __10-810 1 4 10 40 100 4 1 0 40 100
10 100 4 1

FREQUENCY (Hz)= FREQUENCY (Hz) - 100
-2 ld

10' lo11 103

10 .  1
• ' .- 10 ,2 io102

tJ2

10 10 2

fi1-6 -o-6 -

-~~~ 1> _ 10
4

__ 1

HL)

10 10

'a, lo 10 -5

1010.6 10

I' ... 1 .  I Ili L IJ. ,IL I.. I0-8  0 4 0 1 00,I, I I{I I
-7-7

14 140 01 4 10 40 10
AK (KSI A'n K (KSI v"n)

Figure 8.7.3.26
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TABLE 8.7.3.27

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS "

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.27 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050
CONDITION: f73651

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E = R T. E= R.T. E= R.T.
L. H A. H.H. A. SALT FOG

A: 5.85 1.99
DELTA K B: 5.81 3.47

MIN C: 6.03 8. 22
D:

-. 6.00 2.24 3.86
7.00 4. 16 6.23 9.63

8.00 6.42 8.86 14.6

9.00 9.00 11.8 21.6
10.00 12.0 15.3 28.5
13.00 27.4 31. 1 49.3
16.00 68.1 65.3

A: 18.68 : 173.
DELTA K B: 16.05 • 66.2

MAX C: 15.69 • 89. 1

D:

ROOT MEAN SGUARE 6.72 6.70 9.42

"-2 PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.0

":'"RATIO 0. 8-1.25

SUMMARY 1.25-2.0
(NP/NA) >2. 0

ko - 8.7-86
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CONDITION/HT: T73851ALM
FORM. 1. 00"TH PLATE YIELD STRENGTH: 85. 4 KSIALO

\ . SPECIMEN TYPE: CT ULT. STRENGTH: 75. 1 KSI
ORIENTATION- T-L SPECIMEN THK: 1. 000"
STRESS RATIO: -0.33a SPECIMEN WIDTH: 3.6801- 3.6805' 05
FREQUENCY: 18. 30 HZ REFERENCES:ALOI1705

AK (MPA N/m AK (MPA V/-Th
4 10 40 100 4 10 40 100

EN I N E T R 0II I 111 - r 1 111 _
ENIOMN:R 100 ENVIHO8NMENT: R. T..

L. H. A. H. H. A.

162 -162

_10101

16o3  1oF3

102 10 -
L)_

>1 41

z E
'o -A/ 0-5

10- 104

10 1

1 0 1 0

104

1 4 1 40 100_______ 4 10 40 100

ENVIRONMENT: R. 4.10 100 @ ENVIRONMENT: 100
SALT FOG

1-2 ________ ________ -162

100

10.1 10.1

10-2 1-2 _

s - 10- 10- 3E

0) 
E

10 z

16 106

10 - o~ 10

106 0-

10 41046101 4 10 4 0

8.7-87
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R-TIGUE CRACk GRUWTrt RM>,.

OF rREsS INTCNr',

DATA A5SOCIATED WITH FI-3i-RE .

OF ENVIRONMENi

MATERIAL: ALUMINUM 7050

CONDITION: T7365;

DELTA K DA/DN 10O**-b IN ICYCLEk

(KSIAIN**1/2)
A B C D

E = R. T E= R T E= R T
LAB AIR 3-25HZ S.1 W .1-10HZ SIM SEA WATER

1-10HZ

A: 4.07 .560
DELTA K B: 4. 63 . 735

MIN C 4,93 1 38
D:

5.00 .824 1. 12 1. 49

6.00 1. 10 3. 75 3. 57
7.00 1.45 a. 19 6. '16
8.00 1.97 12.0 9.69 r
9.00 2. 79 14. 8 13. 6

10.00 4. 09 17. 5 18. 2
13.00 11.8 29 9 40. 4
16.00 24.4 47.7 83.0
20.00 48. 7 79.3 164.
25.00 206. 243. 312.

A: 29. 97 2303.
DELTA K B: 25. 70 306.

MAX C: 2e.53 1334.
D: "

ROOT MEAN SQUARE 30. 13 13. 69 10. 61
P' PERCENT ERROR

LIFE 0. 0-0. 5

PREDICTION 0. 5-0.3

RATIO 0.8-1.25 2 2
SUMMARY 1.25-2.0
(NP/NA) >2. 0

j! 8.7-88
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CONDITION,'HT T73851 ALUM.
FORM 1.00- 3.15"TH PLATE YIELDSTRENGTH: 85.8- 70.0 KSI ALLOY
SPECIMEN TYPE CT ULT. STRENGTH: 75.5- 80.5 KSI
ORIENTATION L-T SPECIMEN THK: I0750- 1.007"
STRESS RATIO 0.10 SPECIMEN WIDTH: 1.500- 7.400 7050
FREQUENCY REFERENCES:Be174. NC002

AK (MPA A/) AK (MPA V/ )

4 10 40 100 4 10 40 100

ENVIRONMENT: R .. 100 ENVI R ONMENT: R. T..
LAB AIR.3-25HZ 6 S. T. W..1-10HZ

10 - 10

10-1 
10-1

• _. 10 3 10 3

102 102
Z 10 0 10- -

1010110

.,1o,,- 10 .5  10 .5

-310 10-
1o 10 o

1 0 1 0 -5 1 0

1 4 10 40 100 4 0 40 100

" © ''I '. lO @ '''I I' '''
;ENVIRONMENT: R. 1 ENVIRONMENT: 10o
SIM. SEA WATER 1-1OH 1

S102 _- 10" __

- 10 "1 10-

10 3  3 10 3

10 .2 10-2

oO IO- - U"

1016
io - ~10 3  -3

10 E

-l O6 -O-6
1 0 5 10 5-0 m

10 -  AK--10 10-78-

S06 11

6-

• "1 4 10 40 10O0 1 4 10 40 10

&K (KSI At AK (K SI vrTn)

Figure 8.7.3.28
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TABLE 8.7.3.29

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTORp

DATA ASSOCIATED WITH FIGURE 8.7.3.29 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050

CONDITION: T73651

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A 13 C D

E= R.T'. E= R. T.
H.HA. HHA

A: 1.?6 .014
DELTA K B: 2. 72 :. 100
MIN C:

2.00 :.0164
2.50: .0600
3.00 :.157 .144
3.50 .334 .257
4.00 :.613 .431
5.00 :1.55 1.03

46.00 : 3.09 2.10
7.00 : 5.27 3.76
6.00 a. 611 6. 11
9.00 : 11.6 9.18
10.00 : 15.7 12.9
13.00 : 31.3 27.6
18.00 : 51. 1 44.3
20.00 e 2.9 63.3
25.00 : 130.
30.00 : 183.

A: 30.30 : 186.
-~DELTA K B: 20.39 :64.8

MAX C:

ROOT MEAN SQUARE 21.84 27.63
PERCENT ERROR

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8 1 1
RATIO 0.8-1.25 21
SUMMARY 1.25-201
(NP/NA) >2 0

8.7-90



CONDITION/HT: T73851 ALUM.
FORM: 1. 00- 5. 68"TH PLATE YIELD STRENGTH: 89. 0 KSI ALLOY
SPECIMEN TYPE: WOL ULT. STRENGTH: 77. 0 KS I

SORIENTATION- L-T SPECIMEN THK: 0. 243- 0. 2521
K.STRESS RATIO: -f0. 33 SPECIMEN WIDTH: 2. 496- 2. 550"

V>F*REOUENCY: 25. 00 HZ REFERENCES:AL013 7050

AK (MPA ~AhAK (MPA V/m)
4 10 40 100 4 10 40 100

ENVIRONMENT: R~. * 10 ENVIlOMET R. T.,

12 H. H. A. .2 HHA
10 - 10

-22
102 10-

C.) -4

13 3  E

10- 5 0-5z
-- 41010

16 166

lo7 107

10 6 107

A- 01 4 10 40 1004 10 0 10

'.' ENVIRONMENT: 10o ENVIRONMENT:

102 10-2

loF3  -U 
7

10-02

- 103
S. 10-3 E

:z .5 E ~ ~ 1o
10 -10,

16 11o6

-7
10 F 10F

1 4 10 40 100 1 4 10 40 100
AK (KSI V/7n) &K (KSI V/7n)

Figure 8.7.3.29

8.7-91



>i, . .
' 
._, .J .w .. • , . .. , . .. . . . . . . . . .. . . . . . . . .... . . . . . . . . . . . . . .... . ._ -..- -z .

TABLE 8.7.3.30

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.30 INDICATING EFFECT

OF ENVIRONMENT
----------------------------------------------------------------------------------------
MATERIAL: ALUMINUM 7050
CONDITION: T73651
---------------------------------------------------------------------------------

DELTA K DA/DN (10**-6 IN./CYCLE)
'I.; (KSI*IN**1/2)

A B C D

E= R.I.
:3. 5% NACL

A: 5. 14 1.21
-4* DELTA K B:

MIN C:
D:

6.00 2.74
7.00 " 7.22

" 8.00 : 12.2
9.00 : 16.7

10.00 : 21.6
13.00 50.0
16.00 : 7.0

A: 17.87 : 95.7
DELTA K B:

MAX C:
D:

-----------------------------------------------------------------------------------------------------------

ROOT MEAN SQUARE 16.83
PERCENT ERROR

----------------------------------------------------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25

SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

8.,

4 8.7-92
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CONDITION/HT: T73651 YEDSRNT.ALUM.
FORM: 1. 13"TH PLATE YIL TEGHALLOY
SPECIMEN TYPE: ULT. STRENGTH:
ORIENTATION- SPECIMEN THK.
STRESS RATIO: -0. 10 SPECIMEN WIDTH:75

* .FREQUENCY: 1.00 HZ REFERENCES 91392

&K (MPA V~/-) AK (MPA V/-m)
4 10 40 100 4 10 40 100

ENVIRONMENT: R.4.1. loo ENVI O8NMENT.
3. 5% NACL I

10 110.1

10 10 2 10 2

10-3 103 E

I0 U 0

10' 1o- a

10 10

-7 -7

10 10-

19 8 610

1 4 10 40 100______ 1 4 10 4(, 100

ENVIRONMENT: 100 ENVIRONMENT: 0

10 -2102
10-1 10.1

a3- 1 o3

10 0 ' 1 02

S10 10 ~ 10-1E

70 10110z1

1 10 k.

10 1010

* 1U5 10-5

.. 1 4 10 40 100 1 4 10 40 100
&K (KSI Nf/in) A K (K SI 7in)

Figure 8.7.3.30
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rABLE 8.7.3.31

S FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF SrRESS INTENSITY FACTOR

41i-! .DATA ASSOCIATED WITH FIGURE 8.7.3.31 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050
CONDITION: T73651

DELTA K DA/DN (1O**-6 IN./CYCLE)
(KSI*IN**1/2)

A B3 C D

E-: R. r.
:DRY AIR

A: 8. b1 5. 97
DELTA K B:

MIN C:
D:

9.00 6.99
10.00 9.52
13.00 16.6
16.00 : 26.3

A: 18.51 36.0
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 6. 14
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.9

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

bor

8.7-94
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CONDITION/HT: T73851 ALUM.
FORM: 1. 13"TH PLATE YIELD STRENGTH:ALY
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION- L-T SPECIMEN THK:
STRESS RATIO: -m. 10 SPECIMEN WIDTH: 75
FREQUENCY: 20.00 HZ REFERENCES:glg332 75

&K (MPA V/)AK(PAxm
4 0 40 100 4 10 40 100

ENVIRONMENT:. loo 10N14 ' '''

DRY AIR R ~ ' EV NMENT:

_10-1 10.1

10 -2 10-2

4 
U

z -3
-. 10 10- E

.5 5 E________

lo* 10-5 z

11

10 10 105

1 100 -7

168 L-'.-L I I- I-J-- I 10ll8 JL.Lz1i1
1 4 10 40 100 1 4 10 40 100

ENVIONMNT:100ENVIRONMENT: 100

102 102
10-1 1

10 20Z

(.)10
1 0 4 _ _ _ _ _ _ _ -1 5

z ~ ____10___ z

10 1 106

-7 
-7 

l 7

* 10 10

4. 10 40 100~LLid 1 4) 10 4 0

AK (KSl v'Th_ AK (KSI V/Th)
Figure 8.7.3.31
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TABLE 8.7.3.32

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.32 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 7050
CONDITION: T73651
ENVIRONMENT: R.T- LAD AIR

* DELTA K DA/DN (1O**-6 IN. /CYCLE)
* (KSI*IN**1/2)

A B C D

R=+0. 10

A: 7.48 3.25
DELTA KB:

MIN C:
D:

8.00 : 4.07
9.00 : 5.60
10.00 : 7.6B
13.00 : 14.3
16.00 : 24.0 -4
20.00 : 47.3
25.00 : 119.

A: 26.80 : 169.
DELTA K B:

MAX C:
PD

----------------------------------------------------------------------------
ROOT MEAN SQUARE 13. 13
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: T73851 ALUM.

FORM: 3. 15"TH PLATE YIELD STRENGTH: 65.6 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 76. 6 KSI [ j
ORIENTATION: L-T SPECIMEN THK: 1. 005"

.. FREQUENCY: 5. 00- 10. 00 HZ SPECIMEN WIDTH: 7. 400" 7050
-'ENVIRONMENT: R.T. o LAB AIR REFERENCES:NC002

AK (MPA -,/'m) &K (MPA \/m)
4 10 40 100 4 10 40 100

STRESS RATIO = -0. 10 STRESS RATIO =

101 10

10 
3  

_10 -
3

10.2 10
.
2

_, 
4  4

3 ~3E
110 1010 E3

zz
70 o 10 . 5 

_0_ _10
.

1. 1 106
-6 -6 __,0-___0-6__

10 10

51 5

" 1 0 " 0 1 0

10 -6 
0 16

81 4 10 40 1 10 1 4 . 10 40 100
STESRTOloSTRESS RATIO= 100

1(.0 10.'

3 3__ _ _
10 100

"°2

10 5 - 102

4 4 0

16 -1I6
-. io 10 10 5

-, 1 .

3 .3
- 10E

z -5 _ _ _ _ _ _ _ 5E
~io 10*

4 4

-6 -61- 1 0 6 V, - 0

10 110
10616

10. 10.-

1-7

10

'-. 1 4 10 40 100 1 4 10 40 100

AK (KSI r) & K (KSI vTn)
Figure 8.7.3.32
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TABLE 8.7.3.33

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.33 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050
CONDITION: T73651

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R.T. E= R. T. E= R.T.
:LAB AIR SIM. SEA WATER S.T.W.

A: 5.86 1.01

DELTA K B: 4. 80 1.70

MIN C: 4.87 : .993
D:

5.00 : 1.98 1. 16
6.00 : 1. 10 3.75 3.45
7.00 2.36 6.18 6.90
8.00 : 4. 17 9.29 10.1
9.00 : 6.24 13.2 12.9
10.00 : 8.45 17.8 15.9
13.00 : 15.7 37.8 30.5
16.00 : 25.5 69.5 55.0
20.00 : 49.4 140. 97.1
25.00 : 129. 304. 195.
30.00 : 1504.

A: 30.00 : 1504.
DELTA K B: 27.76 : 452.

MAX C: 29.35 : 821.
D:

ROOT MEAN SQUARE 16. 60 7. 81 24. 18

PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.8

RATIO 0.8-1. 25 2 2 3
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

8.7-98
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* CONDITION/HT: T73551 ALUM
FORM:. 3. 15"TH PLATE YIELD STRENGTH- 69.0 K<SIIALY
SPECIMEN TYPE: CT ULT. STRENGTH: 77. 2 KSI
ORIENTATION- T-L SPECIMEN THK: 1. 002- 1. 005"

..,STRESS RATIO: -0. 10 SPECIMEN WIDTH: 7. 400' 05
FREQUENCY: 1. 00- 10. 00 HZ REFERENCES:NCOO2 75

&K (MPA -\,/M) 10AK (MPA -\ 100
4 10 40 104 10 40 10

ENVIRONMENT: R. .o @ 0 ENVIF 81NMENT: I'J II
LAB AIR SIM. SEA WATER

-62 _______ -2 _________ _______

10 - 10 -

10-1 10

102 10

> -4 .4
U

1 0  
-10

10 0 lo

101 5

51 0 10,

101

1610

14 140 1410 40 100
10111 1041111

.4OMN:--100EVRNNT 102

10-
o 4lo

lo 10~ 2

z __d_ 106 -

10 3
v 100

10di1 
5

10-4 10

lo- -7o 101
-0 10 -6: ~ . .
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TABLE 8.7.3.34

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.34 INDICATING EFFECT

OF ENVIRONMENT
----------------------------------------------------------------

MATERIAL: ALUMINUM 7050
CONDITION: T73651
-----------------------------------------------------------------------------------------

DELTA K DA/DN (10*E*-6 IN. /CYCLE) *

(KSI*IN**1/2)
A B C D

E= R. T. E= R. T.
LAB AIR SIM. SEA WATER

A: 5.68 1.22
DELTA K B: 4.47 .967

5.00 1.55

6.00 : 1.29 3.25
7.00 : 1.83 5.87
8.00 2.87 9.50

10.00 : 6.70 20.0
13.00 : 16.3 46.2
16.00 : 28.3 90.2
20.00 : 102. 191.

DELTA.K0A:560
DLAKB: 21.33 :238.
MAX C:

D:

ROOT MEAN SQUARE 15.05 25.79
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.9

RATIO oS-i. 25 2 2
SUMMnARY 1.25-2.0 1
(NP/NA) >2. 0

[ 8.7-100
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CONDITION/HT: T731351 ALUM.

FORM: 3. 15"TH PLATE YIELD STRENGTH: 64.3 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 74. 5 KSI
ORIENTATION- S-T SPECIMEN THK: 0. 499- 0. 500"
STRESS RATIO: 0. 10 SPECIMEN WIDTH: 3. 000" 7050
FREQUENCY: 1. 00- 10. 00 HZ REFERENCES:NC002

AK (MPA V/_) AK (MPA V/' )
4 10 40 100 4 10 40 100

ENVIRONMENT: R. , o0 ° ENVIO)NMENT: R. T.,
LAB AIR SIM. SEA WATER

lO2  1d2
-2 __________O -_______ - ______lO-__

100 10
o3f- -31.

10
2 -2

102 10 "

U L)
>~-4 -4l 10 -

10 10 E
". E.. " z -5-- _'o 10 10 .  Z

, -m _ _ - 7- 4

'o 10- 10 .

l 6 6

161

-5 -5
010 1

16 16, 0
40. U6- 10 _ 06

-810+  1 L, 1 1l l 1 , iI I -1 - I l Ih I I I I lilt
1 4 10 40 10O0 1 4 10 40 100

ENVIRONMENT:.- o ENVIRONMENT: 100

1-2 1-2
10 --.100

10.1 l

10 - 16
3

102 10-2

U> - 4 4 -4

U 10 .  i U

--_--____10
;5  Es 10 1 z

VE

--.I ___ 10.: _ __ 10

010 10

106 10-

1010
5  10 5

17 -1 -7 -

-- 10-6 - 10 6

..-- 10' 10-8  1 I I ~ t -
"" " 1 4 10 40 100 1 4 10 40 100

AK (KSI v/77) A K (KSI T)
Figure 8.7.3.34
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TABLE 8.7.3.35

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.35 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 7050
CONDITION: T73651

v ENVIRONMENT: R.T. , L.Hf. A.

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+0. 08 R=+0. 30 R=+0.50O

A: 6.89 .879
DELTA KB: 4.3 9 291
MIN C: 5.01 .613

5.00: 376
6.00 .. 628 1.34
7.00 .909 1.08 2.62
8.00 1.27 1.82 5.38
9.00 : 1.83 2.96 9.08
10.00 : 2.61 4.62 13.5
13.00 : 6.62 13.6 23.4
16.00 : 13.0 28.9
20.00 : 26.0

A: 23.88 : 45.8
DELTA K B: 18.76 :46.0

MAX c: 13.34 :23.6

ROOT MEAN SQUARE 11.09 18.90 11.72
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0 5-0 8

RATIO 0.8-1 25 1 1
SUMMARY 1.25-2 0 1
(NP/NA) >'2 0

8.7-102
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I CONDITION/HT: T73551 i ALUM
FORM: 4.00"TH PLATE YIELD STRENGTH: 65.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 80. 0 KSI

-. ORIENTATION: L-T SPECIMEN THK: 0. 992- 0. 993"
-. - FREQUENCY: 8.00 HZ SPECIMEN WIDTH: S. 000" 7050

* ENVIRONMENT: R. T. L. H. A. REFERENCES:85837

&K (MPA -/Vm) &K (MPA V'm)
4 10 40 100 4 10 40 100

G) 100
STRESS RATIO = +0.08 STRESS RATIO =+0. 30

*102 102

10.1 101

10.2 10.5  z
FU

10. 0 4
3 -3 E

104 10E
z1 5

"." 10 STES RAIz 0 9 ' 1
Idd . _lO

10.1

.7 -7

10 10

-802

10 10
6-10N

* io 1°

1O2 1- 2

10-6- I 1,1 1 1-1l l
10 10?

0 16* 10
.6 

__ _10

3 3 E
-

E

" 10- 1-54 14

* ~ 1010

io 5 50

10- 10
11 OF

10 10-10

106 10.6

1 7. 04 0 00 1 4S0 4 0
&K (KSI VrTn) AK(KSI V'5Th)

Figure 8.7.3.35
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lAJPLE 8.7.3.36

* - FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.36 INDICATING EFFECT

-- '4 OF ENVIRONMENT

MATE.RIAL: ALUMINUMI 7050
CONDITION. T73651

*DEL TA K DA/DN ilO**-6 IN. /CVCLE)
* (KSI*IN**1/2)

A B3 C D

E R ~ R.=T.
LH A S. T W
6HZ IHL

A: 4.75 .20
DELTA KB 7. Ok 1.92

MIN C:
D:

5.00 : 242
6.00 : 446

.7.00 766
8.00 1. 24 5.07
9.00 1.92 9.34

4.10.00 2.67 13.3
13.00 8.02 239

-'16.00 18.6 496

A: 18. 39 33. 2
DELTA K B: 16.70 62.9
MAX C:

ROOT MEAN SQUARE 11.45 15.46
PERCENT ERROR

LIFE 0.0-0 5
PREDICTION 0. 5-0 8

RATIO 0.8-1, 25 1
SUMMARY 1. 25-2.0 1
(NP/NA) '2. 0
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CONDITION/HT: T73851 ALUM.L
FORM: 4.00"TH PLATE YIELD STRENGTH: 65.0- 665.0 KS! LO
SPECIMEN TYPE: CT ULT. STRENGTH: 76. 0- 60. 0 KS! [

'4. ORIENTATION- T-L SPECIMEN THK. 0. 990- 0. 993"
STRESS RATIO: +0. 08 SPECIMEN WIDTH: 8. 000" 75

4. ~-FREQUENCY: REFERENCES:85837. 88579

AK (MPA N/ mi) A K (MP A N' m)
4 10 40 100 4 10 40 100

ENVIRONMENT: R- T.. 10 Z~- ENVIHO8NMENT: R .
L. H. A. S. T. W.

16- 6HZ 162____- 1HZ _____

10-1 10-1

o 3  I1F
-2-

-4 -4

-c 10- 10- E--
E

-5E

100165 z

10- 400

10 -5 10- 5

10F 10O

10 -6 106

-8 1

10 1

1078 1 11

10 1004;101 4 10 4 0

162 10 2
110 E

o73- 10-
10~ 2o

100

16 016

10 10-- 3 E



TABLE 8.7.3.37

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.37 INDICATINg EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050
CONDITION: T73651

DELTA K DA/DN (10**--6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R.T. E= R.I. E= R.T.
L.H.A. H.H.A. SALT FOG

A: 5.79 1. 05
DELTA K B: 5.80 1.79
MIN C: 8.11 13.9

D:

6.00 1. 14 2. 17
7.00 2.23 4.43
8.00 4.15 7.03
9.00 6.67 9.76 14.9
10.00 9.39 12.7 20.8
13.00 16.2 24. 7 31.0
16.00 28.5 52.2 54.0

A: 18.48 . 59.6
DELTA K B: 17. 57 . 82. 1

MAX C: 17.24 74.3
D:

ROOT MEAN SQUARE 7. 17 5. 54 9. 79
PERCENT ERROR

LIFE 0.0-0 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1
SUMMARY 1.25-2 0
(NP/NA) >2. 0

. o.

8.7-106

.- C . . . ° ° - , ° o . . . ° . . ° - ,° . . . •



CONDITION/HT: T73851 ALUM.
FORM: 6. 00"TH PLATE YIELD STRENGTH: 60.9 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTH: 69. 7 KSI AL

ORIENTATION- L-T SPECIMEN THK: 0. 998- 1. 000"
STRESS RATIO: -*0. 33 SPECIMEN WIDTH: 3. 801- 3.1805"75
FREQUENCY: 18. 30 HZ REFER ENCES:ALO S 05

&K (MPA %/-M) &K (MPA VF~)

4 10 40 100 4 10 40 100

ENVIROMENT: . NT:~~~0ENVIONMENT: R o 1 1N l l R. T..
L. H. A. H. H. A.

1 00 1 0-

-2 20
10 10-

3 3 E
~ 010 10- E

10 10,

-7-

110 10'

10 .6 1 -

© 10 ENIONET 10100 0 0 1
R' 4.@ I , 111 II I I 'I

16 1*2122

oF10 1073

~1010 UI
10 10

10-3 0-10

10o7 40000 8.710

1..................................................6. 
-.

~ o75
.' .5



TABLE 8.7.3.38

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.38 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 7050

CONDITION: T73651

ENVIRONMENT: R T ,SALT FOG

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R-+0. 03

A: 8.45 6. 11
DELTA K B:

MIN C:
D:

9.00 8.55
10.00 13. 1
13.00 25.3
16.00 43.0

A: 19.57 : 112.
DELTA K B:

MAX C:
D:

v.. ROOT MEAN SQUARE 7. 13
PERCENT ERROR

,- LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 1

S'. SUMMARY 1.25-2. 0
-" (NP/NA) >2. 0

:..;

,I

*1.

8.7-108
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CONDITION/HT: T73851
FORM: 5. 00"TH PLATE YIELD STRENGTH: 59.1 KSI ALLOY
SPECIMEN TYPE. CT ULT STRENGTH: 70. 5 KSI
ORIENTATION: T-L SPECIMEN THK: 1. 000"

"FREQUENCY: 18.30 HZ SPECIMEN WIDTH: 3. 801" 7050
ENVIRONMENT: R.T., SALT FOG REFERENCES:ALO13

AK (MPA /'m) AK (MPA V/"m)
4 10 40 100 4 10 40 100

STRESS RATIO .0. 03 0 STRESS RATIO
102 102 -

0 1  -110 -

10101

-2-2
102 10

-00.

4- >010 -
C 10-3 -10"3 E

0 5  ,5
10 10

100

-7
10 - 6 106 -
10.8 -- I 10-8 -S10.6 -- 10 .

1 4 10 40 100 1 4 10 40 100
,=', 1 1 I- I 1 11 1l l I ' l ] l _

\Z STRESS RATIO= 10 STRESS RATIO= 10o

12 
102

10 -1 10.1

3 10 . 3
2 10-20. - 10 . _ 10 .  -

0 44

-1 10 -

10 3  .10 3 E
E

z 10 5  -- 1.

-V 10~i~-10 z

Z1'66

16
,-_ __10- 10

7 10 -7

1-- 10 - 6.- - -1 10 17- 11 1 0

.7- 1 4 10 10 -- 10 40

Figure 8.7.3.38
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TA1iLE 8.7.3.39

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE8.7.3.39 INDICATING EFFECT

OF' ENVIRONMENT
- - - - - - - - - - - - -- -- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -.-

MATERIAL: ALUMINUM 7050
CONDITION: T73651

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

DELTA K DA/DN UO0**-6 IN. /CYCLE)

A B C Dj

E= R. T. E= R. T. E= R. T.
L.HA. H. H. A. SALT FOG

*A: 3.91 .280
DELTA K B: 3.88 .510

MIN C: 5.91 3.68E
D:

4.00 :.296 .495
5.00 :.520 .944
6.00 :1.06 2.39 4.25
7.00: 2.04 4.58 8.45
8.00 : 3.38 7.39 12.0
9.00 : 4.87 10.9 15.0
10.00 6 .75 15. 5 18.4
13.00 : 26.8 41. 1 44.4

A: 15.34 : 106.
DELTA K B: 14.54 :112.

MAX C: 13.82 :57. 8

ROOT MEAN SQUARE 19. 68 12. 17 10. 16
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 3 2 2
SUMMARY 1.25-2.0

(NP/NA) >2. 0

L. 8.7-110
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CONDITION/HT: T73851 ALUM.
FORM: 6. 00"TH PLATE YIELD STRENGTH: 59. 1- 62. 1 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 70. 5- 73. 2 KSI
ORIENTATION T-L SPECIMEN THK 0. 999- 1. 000"

- STRESS RATIO: -0. 33 SPECIMEN WIDTH: 3. 801- 3. 805" 7050
.. FREQUENCY: 18. 30 HZ REFERENCES:AL013

AK (MPA N/-M") &K (MPA v-)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. 10 ENVIONMENT: R.T.1.
L.H.A. H. H. A.

12 10
.2 _

100 2 101-

"10 10
"

-10- 1 E
E

*10

,,m-m

010 5 101-

10 1 I ,6 10 I ,I ,

1-8 1....L~..W1 io.8p I .±L .±.LLj
1 4 10 40 100 4 10 40 100© = -" IE ' I 1,o1 4 1 11 - I11 11 1 1 111 11

VI ENT: 10 @ ENVIRONMENT: 10o

1-2 1-2
10 _ 10-

101 10-1

: "1 O F 0 3 _o1 0 3

10-2 -2

.10"2 10.2

" - '_ __"_ _4  4 1. U

.16 16

z Z-E

10 .5  110-
.. -. o10 --

4  10- --

-6 _ _ ___- __ _ - _ _ _ 
10. - 106 -- "-: 1 .

-7o-7
10 l 10

.- 1.,4, 10 40 100 1 4 10 40 100
.".' K (KSI /Th) AIK (KSI V/' )

", Figure 8.7.3.39
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TAB3LE 8.7.3.40

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA -SSOCIATED WITH FIGUREB.7.3.40 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050
CONDITION: T73651

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B3 C D

E-= R. T. E= R. '. E= R. T.
L. H. A, H. H.A. SALT FOG

A: 5. 2 1.46
DELTA K B: 5.Bb 2.689

MIN C: 5.89 6. 56

6.00 1.57 2.60 6.65
7.00 2. 15 4.43 6.01
8.00 2.79 7.59 10.3
9.00 . 3.72 11.0 13.7
10.00 5.27 149 16.5
13.00 : 23.6 3e. 3 46.0

A: 15. 19 105.
DELTA K B: 14.64 74. 1

*.. MAX C: 13.28 49.9

*. ROOT MEAN SQUARE 13. 56 9. 03 9. 23
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8
RATIO 0.8-1.25 111
SUMMARY 1.25-2.0
(NP/NA) >2. 0

* 8.7-112



CONDITION/HT: T73651 ALUM.
FORM: 6. 00"TH PLATE YIELD STRENGTH: 55. 8 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 67. 7 KSI
ORIENTATION S-L SPECIMEN THK: 0. 998- 1. 000"
STRESS RATIO: +0.33 SPECIMEN WIDTH: 3. 805" 7050
FREQUENCY: 18. 30 HZ REFERENCES:AL013

&K (MPA vrM) &K (MPA /-m)
4 10 40 100 4 10 40 100-.- ) - , ' , ',,, , ,. i I , ( B I ' ' ', , , ' ' '

ENVIRONMENT: R.. 100 ENVIRONMENT: R. T..
L. H. A. H. H. A.

1-2 162 ________

1 0 l
010.1 11"-"o - - 0 1 --o- 1

102 102
a10

UU

>I - -o -41o_

,_._._ -_- _ - 10 - -- lO U
3 3 E

"100 _ 10.  Z

1 10lO6

-6."_ -6 ___10
I

____ __ ____ __ 10
.

10 - 10-

101010

10 -- 10
.

(1' 1 0 10

108 I1 L1 , L1 - 10"  i Ll. i, I lb ___1 4 10 40 100 4 10 40 100

ENVIRONMENT: R. .. 100 ENVIRONMENT: -100
SALT FOGE R

- -2 
1 2

10 - 10-

"J - _ 0 2  -- _ 0 2

z 10 10

lo 10 3 E

':1 0
-5 1

i - 1605 -- -

'o10 4 lo 0

10 10

10 10
--. _-_ ___ _ o-  --_ _ zo-

-8 100 -

10104

iI -6

1 4 10 40 100 64 10 40 100

,K (KSI v"-T) AK (KSI /-)
Figure 8.7.3.40
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TABLE 8.7.3.41

FATIGUJE CRACK GROWTH RATER AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* . DATA ASSOCIATED WITH FIGURE 8.7.3.41 INDICATING EFFECT

OF ENVIRONMENT
-----------------------------------------------------------------------------------------

MATERIAL: ALUMINUM 7050
CONDITION: T73651

DELTA K DA/DN (1Q**-6 IN. /CYCLE)
* (KSI*IN**1/2)

A B3 C D

E= R. T. E= R. T.
.H. A. 3.5%. NACL
2HZ 20HZ

A: 2.88 .053
DELTA K B: 7.42 2.36

MIN C:
D:

4.3.00 .0607
3. 50 . 0983
4.00 .152
5.00 :.330
6.00 :.662
7.00 :1.25
8.00 : 2.23 3. 17
9.00 : 3.72 4.90
10.00 : 5.81 7.01

*-13.00 : 15.6 15. 5
16.00 : 28.6 26.9
20.00 : 49.0 46.4
25.00 82.6
30.00 : 135.
35. 00 : 223.
40. 00 : 380.

A: 45. 76 : 726.
DELTA K B: 20. 84 :51. 1

MAX C:

-----------------------------------------------------------------------------------------

ROOT MEAN SQUARE 22. 51 8. 95

-----------------------------------------------------------------------------------------

PREDICTION 0. 5-0. 8
RATIO 0.8-1.251
SUMMARY 1.25-2.0 1

(NP/NA) >2. 0
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Jq" CONDITION/HT: T73551 I ALUM.
FORM: 0.44- .00"TH EXTRUSION YIELD STRENGTH:I ALLOY

SPECIMEN TYPE: CT ULT STRENGTH
ORIENTATION L-T SPECIMEN THK 0. 151"

- STRESS RATIO -0. 10 SPECIMEN WIDTH. 3. 000" 705
'FREQUENCY: REFERENCES:8844

AK (MPA A/"m) AK (MPA /')
4 10 40 100 4 10 40 100

0 ENVIRONMENT: R .. 100 - ENVI ONMeNTI R. T.
H. H.A. 3. 5% NACL

12- 2HZ 16 2  20HZ
110 10-

1100 
10

10-2 10-

> -4 -4

S10 10 ES10E

"' 10a lo10
.5

__ 1010 -

1 4-Z 10- 4

-6o °- ____ __o___
-10 4 01 0

55
104 10

.-. ENVIRONMENT: 10o @ ENVIRONMENT: 100o

1 o-,

1
1  - 

0 1 3

10.6 --~~lJJ.LI 10.5  4-1-40 10
1t 4-10 40 1 0 " 10 4 n

-2 -2

10 - 1-

- -- 10- 10- E

7__,_ .10-7 - 10 -

• z ,._, _ __ ___ --10 _
10 10

-o 106

10- 10- 5

.7 .7

10 101

10- 101 1- 0.6lil

1 4 10 40 100 1 4 10 40 100

AK (KSI .'7n) LAK (K SI V1/7n)

Figure 8.7.3.41
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TABLE 8.7.3.42

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS -'
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.42 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050
CONDITION: T73652

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E=- R. 1. E= R 1. E= R.T.
DRY AIR H.H.A SALT FOG

A: 6.37 .740
DELTA K B: 6. 31 .843

MIN C: 6. 17 10. 1
D:

7.00 1 .10 2. 50 11 1
8.00 2.24 6. 54 18.0
9.00 4. 57 11.4 26.4

10. 00 8.91 16.3 31. 4

13.00 40. 5 36.7 49. 5
16.00 85.7 88.8 107.

A: 17. 47 96. 6
DELTA K B: 16.93 117.

MAX C: 16.36 122.
D:

ROOT MEAN SQUARE 15.98 10.58 21.77

PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0. B
RATIO 0.8-1. 25

SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

8.7-116
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CONDITION/HT: 735 ALUM.
FORM: 2.50"TH FORGING YIELD STRENGTH: 63. 5 SIALLO
SPECIMEN TYPE: CT ULT. STRENGTH: 75. 5 KSI
ORIENTATION- T-L SPECIMEN THK: 1. 000"
STRESS RATIO: -0. 33 SPECIMEN WIDTH: 3. 805" 7050

* FREQUENCY: 18. 30 HZ REFERENCES: ALOl15

&K (MPA Vm) AK (MPA h
4 10 40 100 4 10 40 100

ENVIRONMENT: R. . 100 ® ENVIF ONMENT R. T1'II
DRY AIR H. H. A.

102 1-

10 101

10 2 10 2

-4
1- 10u

10- 10
E

110 10

100 -10

5

10'- 10'~

1 -8 11 8

ENV'IRON MENT: R. 4 I.. 100 @ ENVIRONMENT 100SALT FOG

10-1 10'1

1 0 - 1 0 2 1o 3 -2

110

C -3 30 E

710 10- E

10 lo 510

100

106 10.6

-81 10loiL~ WLI
1 4O0F0 0

8.7-11 1-4
1 6

1 4 1 40 00 1 10 0 10

..................................................



TAB3LE 8.7.3.43

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.43 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL- ALUMINUM 7050
CONDITION: T7365-1

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN*4*1/2)

A B3 C D

E= R. T. E= R. T. E= R. T.
.DRY AIR~ H.H.A SALT FOG

A: 6. 44 :1.29

DELTAK B: 6. R6: 5.74
*MIN C:. 6.41 2.18

D:

7.00 2. 38 5.99 7.40
6.00 3.96 18. 7 16.2
9. 00 11.2 367 42.6

A: 9.65 71.6
DELTA K B: 9.64 133.

MAX C: 9.89 211.
D:

ROOT MEAN SQUARE 18175 17. 95 27.864

:- :-- PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.89

- ~ RATIO 0.8-1.25
SUMMY 1.25-2.0
(NP/NA) >2. 0

8.7-118



CONDITION/HT: T73652 ALUM.
FORM: 7. 50"TH FORGING YIELD STRENGTH: 58.1 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 71. 0 KSI
ORIENTATION' - SPECIMEN THK: 1. 000"
STRESS RATIO: +0. 33 SPECIMEN WIDTH: 3. 805" 75
FREQUENCY: 18. 30 HZ REFERENCES: AL0Z15

AK (MPA Vm &K (MPA /h)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. .. 100 @ ENVI ONM NT:. R. T..
DRY AIR -H. H. A.

10 10
10o 10-1

10200

10 -2 1 0 . 3-2

10, E

z -5-
'010 10- - Z

16

1 -5  10 -

1 0 10.6

10- .- L1-±LJ- LL .±-iL~o .. LJ.J~
*1 4 10 40 100 1 4 10 40 100

.I ENVIRONMENT: R. .. 100 @ ENVIRONMENT: 100
SALT FOG

1-2102
10 1 -
10~ 100

-22
-10 102

3' 3 E
E

z- Z 5 5

~14 10'
K V 610- 10

10 1 16610

107505
100

1 o8 1 07

*- 11 4s 10 40 100 1 4 10 40 100

AK (KS I V/17h AK (KSI v/7n)
Figure 8.7.3.43
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TABLE 8.7.3.44

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

D ATA ASSOCIATED WITH FIGURE 8.7.3.44 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050
CONDITION: T76

DELTA K DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**I/2)

A B C D

E =  R.T. E= R.T. E= R. T.
:DRY AIR H. H. A. SALT FOG

A: 4.64 .857
DELTA K B: 5.01 2.69

MIN C: 5.03 3.85
D:

5.00 .995
6.00 2.03 4.50 6.94
7.00 3.24 6.62 10.0
8.00 4. 52 9.35 13.3
9.00 5.82 13. 0 17. 4
10.00 7.26 17.6 23.2
13.00 18. 8 37.4 71.7
16.00 86.5 81.2 205.

A: 16.03 88.0
DELTA K 1: 16.84 122.

MAX C: 16.00 205.
..-.. D:

ROOT MEAN SQUARE 12. 34 10. 94 17. 45
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8

RAI1O 0.8-1 25
SUMMARY 1.25-2.0
(NP/NA) >2.0

"..
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CONDITION/HT: T76ALM
FORM: 0. 04"TH SHEET YIELD STRENGTH: 73. 1 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 81. 0 I.SI

ORIENTATION- T-L SPECIMEN THK: 0. 040"
-FREQUENCY: 13.30 HZ REFERENCES: AL015 75

K ~~K (MPA -,/M 10 K (MPA Vm) 10
4 0 40 104 10 40 10

*-ENVIRONMENT: R. loo 100 ENVI O8NMENT: R. T.1.1
DRY AIR H-. H. A.

100 lo1

10-2 10-2

16 -4 -4

E10- 10o3 E
E

z 5 _ _ _ _ 1o 5  
-

10- -10

.7 -7

10 10-

1 4~ 10 4 0 0 4 0

- ENVIRONMENT R~'T 100 -EVROMNT
SALT FOG ENIRNMNT 10

10- - 10

10 10.3

-2-2_10 102
4 U

V 10

10 7- 10 3

10'
16

10 10-65

8., 7-7

10-6~ 10



TAULL 8.7.3.45

F;4TIGUE CRACK GROWTH RATES AT DEFINED LEVELS
0O7 9TRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.45 INDICATING EFFECT

OF STRESS RATIO

MATERIAL.* ALUMINUM 1050
CONDITIONi T/6
ENVIRONMENT:i R T LAD AIR

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

.4-DELTA K DA/DN (1O**-6 IN. /CYCLE)
IWO (KSI*IN**1/2)

.A B3 C D

R=40 00 R=+0,33

DELTA K A: 6. 75 2.58 U

MIN C:
D:

6.00 .2.86

7.00 4.27
8.00 5.96
9.00 5.6t2 7.99
10.00. 7.60 10. 4
13.00 14. 4 20.4
16.00 23.5 36. 1
20.00 . 40.1 70.3

25.00 69.8 146.
30.00 113. 290.
35.00 174.
40. 00 260.

A: 40. 5E3: 272.
DELTA K B: 30.93 :327.

MAX C:

ROOT MEAN SQ0UARE 5. 60 9. 29
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8
RATIO 0.8-1. 25 2 4
SUMMARY 1.25-2 0
(NP/NA) >.0
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CONDITION/HT: T76 ALUM.
FORM: 0. 09"TH SHEET YIELD STRENGTH: 79. 0 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 85. 8 KSI

ORIENTATION: L-T SPECIMEN THK: 0. 090- 0. 091"
FREQUENCY: 13. 30 HZ SPECIMEN WIDTH: 4. 000- 4. 004" 7050

• ENVIRONMENT: R.T. o LAB AIR REFERENCES:8213

AK (MPA V"W) AK (MPA ,/")
4 10 40 100 4 10 40 100

STRESS RATIO = -0. 10 STRESS RATIO = .1 O.2 __16
2

" 1073 1030 2 2

10. 1 10

c . 10 3  10 3  E

0 11
5  Z>~4 -4.

w; -- 10.4  10.4 .- _ _"_ _ __1_-610-- -

10 10

1.10 10 1

106  106

1 06 108

10.8 I Ii I10
1 4 10 40 10014 100 10

STRESS RATIO= 100 STRESS RATIO= 10

102  102  _

10 "1 10-

10 1 10

-""_10.2 10-2

10." ;.. 10
" 4 -- -4

1- 10 - ,
3 3

"-- 10"5 - 1010- 10 E

0 010
100 1056

10 -4

1 :. 4 10 40 100 1 4 10 40 100
AK (KSI Vf ) AK (KSI /T)

Figure 8.7.3.45
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TAB3LE 8.7.3.46

FATIGUE CRACK G~ROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DArA ASSOC I ATED WITH FIGURE 8.7.3.46 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050

CONDITION: T-76

DELTA K wDA/DN c1O**-6 IN./CYCLE)

(KSI*IN**1/2) A1

F = R.T, E= R.I. E= R. T.
DRY AIR HI. H. A SALT FOG

*A: 5. 13 . 1.36
* DELTA K B: 5. 17 3.52
*MIN C: 5.14 :3.98

800 2.91 5.56 7.49
7.00 4.97 8.84 12.6
8.00 7.72 13.2 18.7
9.00 10.9 19.0 25.5
1000 14.0 26.7 33.3
13.00 24.6 66.2 653
16.00 :151. 121.

VA: 15.70 . 88.1

DELTA K B: 17. 18 206.
MAX C: 17.27 158.

D:

ROOT MEAN SQUARE 13.69 12.44 8.61
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

* i RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) 22 0
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CONDITION/HT. T78 ALUM~T
FORM: 0. 13"TH SHEET YIELD STRENGTH: 79. 5 KSI ALLOY

SPECIMEN TYPE. CCP ULT. STRENGTH: 833. 6 KSII
ORIENTATION- L-T SPECIMEN THK: 0. 125
STRESS RATIO. '-0. 33 SPECIMEN WIDTH: 4. 000" 7050

S FREQUENCY. 13. 30 HZ REFERENCES:AL015

&K (MPA V/iW) &K (MPA Vx/)
4 10 40 100 4 10 40 100

ENVIRONMENT: R.F 100 \V ENVI O8NMENT: R. T..IIpDRY AIR H. H. A.
-62 1________ _________ ______2__ ________

10 10-

10 m 10*

100 100

c 10

'0 10- 10- z
.4 4

'0 10 10 (

10, 106

10

-7 -7

10 1010.

1 46 10 40 101 4604 0
-

PPN:R. 411 'ol @ -ENVIRONMENT:10

2 T O O_______ 
162_______ -1

100- 10-

o73 1 aF3
-42 1-2

10 1-

c 0,3 30Z-10' 10 :
Zv 10 5_ _ _ 10-5 -

i00-

10 10

-7 -7
106 110

6

1 >c 4 10 40 1001 4 10 0 10
AK (KI vr~) A K(K SI -In)

Figure 8.7.3.46
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TARLE 8.7.3.47

A"TIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA -5SOCIATED WITH FIGURE 8.7.3.47 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL ALUMINUM 7050

CONDITION: T7651

DEILTA K DA/DN cIO**-6 IN. /CYCLE)
(KSI* IN**1/2) :

A B C D

E =  R. T E= R. T. E= R. T. E= R. T.
H. H A., 2HZ H. H.A. , 20HZ 3. 5% NACL, 2HZ 3. 5% NACL, 20HZ

, A 5. 39 .674
DELTA K B 3. 50 .131

' MIN C 6. 21 13.6
D 3. 50 .0943

4.00 183 .279
5.00 330 1. 26
6.00 1.39 700 3.35
7.00 2.75 1. 73 6.64
0. 00 4.05 3. 74 11. 0

9.00 5. 43 6. 50 17.4 16. 1
10.00 7.27 9. 75 23.0 21.8
13.00 17. 0 21. 3 46. 5 41.2

16.00 35.0 35.5 80.4 63.8
20.00 70.8 52. 1 141. 10?.
25.00 146. 247. 172.

30.00 29P. 399. 28S.
35.00 603. 628.
40.00 1297. 1018.
50.00 4127.

A 47.21 4197.
DELTA K B 21.86 559

MAX C 53.64 11027.
D 31.41 334.

ROOT MEAN SQUARE 8. 8 10. 99 10. 29 12. 41

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8
RATIO 0.8-1 25
SUIMARY 1.25-2. 0 1
(NP/NA) >2. 0
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CONDITION/HT: T7651 ALUM.
FORM: 0. 52"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE. CT ULT. STRENGTH:
ORIENTATION- L-T SPECIMEN THK: 0. 147- 0. 1483
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 3. 000" 75
FREOUENCY REFERENCES:85844

AK (MPA -,/M) AK (MPA V/m*)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. .. 100 -ENVI O8NMFNT: R .
H. H.A.. 2HZ H. H. A. *20HZ

10 -10
101 101

o

u~ 10100
E

z 5o -5
0 101

1 0- 10- I

10 1

1 010 -700 -

(jo-,10 -6 10 06

© ENVIRONMENT: 2HZ 100 ©o ENVIRONMENT: R. T. * 100
3. 5% NACL. H 3. 5% NACL. 20HZ

101 o-

10.3 101F

- 1 0 -
2  i o 0 2

0.) 0
U -

U 1 0 1 0 3 E
Z_ 10

10 1 10
10~ 10

-77

10 - 1 0- o 10

1 4 10 40 100 1 4 10 40 10
&K (KSI V/m) &K (KSI .Jin)

Figure 8.7.3.47
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TABLE 8.7.3.48

FATIGUE CRACK~ GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA :!SSOCIATED WITH FICGURE 8.7.3.48 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL. ALUMINUM 7050
CONDITION: T7651

DELTA K. DA/DON .10**-6 IN./CYCLE)
(KSI*IN**1/2)

A B C D

E= R.T
3.5%. NACL

A: 52 5 .977

DELTA K" B:

C MIN C:

6.00 2.51
7.00 6.46
8.00 11. 6
9 00 17. 2
1000 22.9
1300 44. 1
16. 00 88. 5

A: 1669 106,
DELTA K B:

MAX c:
D.

ROOT MEAN SQUARE 11.47
PERCENT ERROR

7.LIFE 0. 0-C. 5
PREDICTION 0.5-0 6

RATIO 0.63-1 25
* SUMMARY 1.25-2 0

(NP/NA) >2 0
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CONDITION/HT: T7851 Y ALUMGTH
FORM: 1. 13"TH PLATE YIELD STRENGTH ALLOY
SPECIMEN TYPE. ULT STRENGTH:
ORIENTATION SPECIMEN THK:
STRESS RATIO: 0. 10 SPECIMEN WIDTH: 7050
FREQUENCY: 1.00 HZ REFERENCES:91332

A K (M PA /m ) 40K (M PA 1/00
4 10 40 100 4 10 40 100Tl I I -I I' '

ENVIRONMENT: R.. 1 0  NMENT
3. 5% NACL d

lodl
0-  101
010.  10

0 102 102

- 1 0 .  1 0 l

110

S1011

15-

10-4 10~

lo0

100 1O,

:.Z: 10- 6 o - c

8 1 .-- 10 40 1 0

-d2 -102
10 l

1103 103

lo 102

-1004 -_ U

1 3  -o3  E

z. : 0 1s _ _ _ _I _ l l_ _ 1 ,_ 1 - 10-8 1- , 1 1 l l --

. 10 100
5- -- ENVRONMENT:- 1000.10 _70__ 

_ -

.'.. . 10 -4 10 -4

lo 5~

-7''-'," I 1067--
10 - 10 6

_10- 106

*.11. z~ ° .-Jii.......~...~..J - - _ -II j.J~

4 10 40 100 14 10 40 100

6K (KSI \ in) AK (KSI V 71n), . .. . c - -:C - .25 :- --. 105. --- - -.- :: - - o s



TABLE 8.7.3.49I

PATIGUE CRACK GROWTH RATE=- Alr DEFINED LEVjEL=E
OF STRESS INTENSITY FACTOR

DATA' ASSOCIATED WITH FIGU-RE INDICATING EFFECT

OF ENVIRONMENT

MATERIAL. ALUMINUM 7090
CONDITION: T7651

DELTA K DA/DN (1O**-6 IN /CYCLE)
(KSI*IN**1/2)

A B3 C D

E= R. 1'.
DRY AIR~

A . 6.45 2- 45
* DELTA KB

*MIN C:
D:

7.00 3.63
6.00 5. 78
9 00 7. 70
10.00 9.43
13.00 15. 6
16.00 . 23. 9
20.00 41. 0

A: 24. 59 96. 5
* DELTA K B:

MAX C:
* D:

ROOT MEAN SQUARE 6. 62
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.6-1,.25
SUMMARY 1. 25-2.0
(NP/NA) :20
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CONDITION/HT: T7851 FLUM.
* 4L FORM: 1. 13"TH PLATE YIELD STRENGTH ALLOY

SPECIMEN TYPE: CT ULT. STRENGTH.
ORIENTATION L-T SPECIMEN THK
STRESS RATIO: ,0. 10 SPECIMEN WIDTH 7050
FREQUENCY: 20.00 HZ REFERENCES:91332

-,:'-&ZK (MP A -,i-m) &K (MPA -,/M)

4 10 40 100 4 10 40 100

S-ENVIRONMENT: R. . 100 ENVIRONMENT:
DRY AIR

--12 _ 102
10 10

10 10
2

104~ --- 10

10-3 10.
3

z 5
>. . -0410

4
.

7 10 10 5 
-

10 10

C*7 106 1 06

10.8 107LL-~L.J-~8 Il
1 4 10 4 100 1 4 10 40 100

1 I '' I I ' ' I 'I 'I'I I I I' I'I I -

--.ENVIRONMENT: 100 ENVIRONMENT: 100

10 00-

,".',10.1 10 2

_10
.

,.'. _______ _ _-_ _ _ - 12 - - 10

S1 z

.-...-_ _O - - 10

4.-6
So0 5 10 5

-6 -

10
.  106

17 11 108
4:.:::: _ - lO 106

0* 10.8 .. lLWLI , I I ,ILL - 10.8 I I ,II , -

1 4 10 40 100 1 4 10 40 100?'( "::'",&K (KSI v/'n) AK (KSI V/'n)

Fi- ur(, 8.7. .4
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L-1- -71
TABLL- 8.7.3.50

, .-TIC-UE CRACK GROWTH RATES- AT DEFINED LEYELS.
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3. 50 !NDICATING EFFECT

OF ENVIRONMENT
---------------------------------------------------------------------------------------
MATERIAL: ALUMINUM 7050
CONDITION: T7651

------------------------------------------------- -------------------------

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R.l'. E= R.T. E= R.T
:LAB AIR SIM SEA WATER JP-4 FUEL

A 4.08 .107
DELTA K B 5. 207

MIN C 5. O .514
D

5.00 580
6.00 1. 55 .980 .920
7.00 2.92 1. 77 1.08
8. 00 4. 57 3. 31 1 41
9.00 6.33 6.06 2.23
10.00 8.04 10.6 3.61
13.00 12.0 27.6 9. 18
16.00 14.6 35.8 16.4
20.00. 22.9 64.2 34.1
25. 00 . 74. 6 446. 105.

A: 26. 13 107.
DELTA K B: 26.23 : 906.

MAX C: 25.28 112.
D"

ROOT MEAN SQUARE 21. 58 24. 09 13. 59
PERCENT ERROR

-----------------------------------------------------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0.5-0.9
RATIO 0.8-1 25
SUMMARY 1.25-2. 0
(NP/NA) >2. 0

H 7-1-

] ,. 7- ] 32

°[•..



CONDITION/HT: T7651 IALUM]
FORM: 1. 25"TH PLATE YIELD STRENGTH 73. 8 KSI ALLOY
SPECIMEN TYPE: WOL ULT STRENGTH: 81. 0 KSI
ORIENTATION L-T SPECIMEN THK: 1. 250"
STRESS RATIO -0. 02 SPECIMEN WIDTH: 5. 000" 7050

' FREQUENCY: 1. 00- 20. 00 HZ REFERENCES:MA005

&K (MPA VAm) AK (MPA -/"m)

4 10 40 100 4 10 40 100

ENVIRONMENT R. T. 100 ENVIF18NMENT R T.
LAB AIR SIM SEA WATER

(2
10- 10-'10

I io-. 10

10 10 2 110 2

-4

1o 10 E_ _ _ __ _ _ ._ _ _- z
-:-,z 5O 0-5

4 
1 0

-4 -

10- 10-

10'

IT C6 

10- -

1 4 1 10 .510 40 100

E I10E R - 106

102

10] _ 10,,

10 - 10
1E 14

-44 U4
101 10

-2

-- 10" 10-310 -10
. 1

10" 10

-- a , m .i.J..L.Jui

- 410 410 0 0
10 _ ! 10

_ 05 _ 05

10 100

7 7-

-- 106  106

1.l ': 4 10 40 100 1 4 10 40 100

A K (KS I &K (KSI v'7)

." d . . . .. . . . .7 -1-



-rAB L F 8.7.3.51

FATIGUE CRACK OROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOC IATED WITH FIGURE 8.7.3.51 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050
CONDITION: T7651X

DELTA K DA/DN (10**-6 IN. /CYCLE)
* KSI*IN**1/2.)

A 13 C D

E= R.T1. E= R.T.
:L.H A. H. HiA.

A' 4. 11: .389
DELTA K B: 4.21 :.827

MIN C:
D:

5.00 . 505 1.-68
6.00 .701 3.32
7.00 .986 5.65
83.00 1.44 8.66
9.00 2.22 12.3 p
10.00 : 3.49 16.6
13.00 10.2 32.3
16.00 20.9

A: 18. 19 33. 7
DELTA K B: 15.62 49.0

MAX c:
D:

ROOT MEAN SQUARE 12. 45 4. 55
PERCENT ERROR

* LIFE 0. 0-0. 5
PREDICTION 0. 5-0.09

RATIO 0.8-1.25 21
* SUMMARY 1.25-2.0

I (NP/NA) >2. 0

* 8.7-134



CONDITION/HT: T7551 XALM
04 FORM: 0. 91"TH EXTRUSION YIELD STRENGTH:ILLY

SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION- L-T SPECIMEN THK: 0. 900"
STRESS RATIO: -0. 33 SPECIMEN WIDTH: 3. 100- 3. 805"75
FREQUENCY: 20. 00 HZ REFERENCES:AL.008

& K (MPA -,/) &K (MPA m)~T
4 10 40 100 4 10 40 100

~' ENVIRONMENT: R. T.. * 00 ' EN VI IlON MI 1N T: R. T..
L. H.A. H. H. A.

-2 -2 ________ ______ __

10 - 1 101 -

20 10-2

0 10

> -4 -4
olO -10 10

-5_ _ 5_ _ z
70___ 10 10 5

V 10- 10- C

1 0' 0 1 0

10~ -10F,

1 0- 1 0-

-8 F I 8 I i IIltl 11l..LLLL
1 4 10 40 100 1 4 10 40 100

1 111F 11 1 il - @f~~ I Fmrv I~~~ -

ENVIRONENT:N10ENIRNMNT 100RNEN:

10 lo1

103 103

12 2
10~ 102

04 0

11 1o4 >

E
Z __ _ __ _ _ 5_ _ _ __ _ 1o-5 z

10 40V

1V 10 6

101 101 -

1 OF 10

N ' 1 4 10 40 100 1 4 10 40 100
A K (KS I V/J7) AK (KSI /-i)

Fiqure 8.7.3.51

8.7-135



TABLE 8 7.3-52

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8. 7. 3 52 INDICATING EFFECi

OF ENVIRONMENT

" MATERIAL: ALUMINUM 7050
S CONDITrION: T7651X

DELTA K DA/DN (10**-6 IN. /CYCLE)
.-..-. ( KS I* IN**I/2 )

A B C D

E- R-1. E= R. T.
L.H A H.H.A

A: 4. 41 417

DELTA K B: 3.25 .140

MIN C:

3. 50 168
4. 00 .436
5.00 .880 2.05
6.00 1.62 4.44
7.00 2.39 6.91

8.00 3.26 9.47
9.00 4.31 12.6

10.00 5.65 17.0
13.00 13.3
16.00 35. 6

A: 16. 78 46. 8
DELTA K B: 10.01 17.0

MAX C:
,' ".'D:

ROOT MEAN SQUARE 9. 49 13. 76

PERCENT ERROR

LIFE 0.0-0 5
PREDICTION 0. 5-0 8
RATIO 0.8-1 25 2 2

SUMMARY 1. 25-2 0
- (NP/NA) 2 0

8.7-1 36
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* CONDITION/HT: T7651X ALUm.
FORM: 0.91"TH EXTRUSION YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT STRENGTH:
ORIENTATION T-L SPECIMEN THK: 0. 900"
STRESS RATIO: +0. 33 SPECIMEN WIDTH: 3. 805" 7050. FREQUENCY- 20. 00 HZ REFERENCES:AL78

• - AK (MPA m-) AK (MPA v\s)
4 10 40 100 4 10 40 100

ENVIRONMENT. R. T. 100 @ ENVI ONMENT: R. T.,

L. H. A. H. N A.10? ,° - __ _ _ __ _ _ __ _ _ _2 1 2
10 10 -1

10 - 10-2

-4': U O o
10 .3-.-...

z -

*' 106  - 1 1

10 1
-
4

1 10 3_ 10 -

z 5

7,' i0o I , , , -, 10-  I ,1 1 z1 , -10- 1o4

14 10 40 100 1 4 10 40 100

©"-"- ENVIRONMENT: 10 0 ENVIRONMENT: 10 0

10
2  10

.
6

10,0 10-

.. ___ _ _ _ __ -___ _ _ _ - ___l O-_

1," 104  - 1i4- >100710 3

___C 0 - 0-.  10

.108 . 10
. 4

101 102

-6._ _-_ _ - _ _10 - 10

-7-

10 - 10

16 16

10 _ _ - _ 1

1 4 10 40 100 10 4 10 40 10

A~.ZK (KSI ' K (KSI V" )

-:". Fiqur R. 7. 3.fK3

S.07-137

16,16
10:5 1-



I ABLE 8. 7. 3.'3

FaTIGUE CRACK GROWTH RATES AT DEFINED LEYELS
OF STRESS INTENSITY FACTOR

DAT4~5SOIATED WITH FIGURE . 3 ZINCANGEFT

OF STRESS RATIO

* MATERIAL ALUMINUM '7050
CONDITION: T76511
ENVIRONMENT RT HHA

DELTA K DA/DN C.1O**--6 IN. /CVCLE)
* (KSI*IN**1/2)

A [3 C D

SR >' 0. 33

A: .24 6.Z3'
DELTA K B:

* MIN C:
D:

8.00 9.91
9.00 130
10.00157
13.00 . 44.4

A. 14. 85 73. 1
DELTA K B:

MAX C:
D:

ROOT MEAN SGUARE 14. 39
PERCENT ERROR

----------------------------------------------------------------------------------------

LIFE 0.0-0 5
PREDICTION 0. 5-0. (3
RATIO 0.8-1.25 1
SUMMARY 1.25-2.0

* (NP/NA) 2. 0

8.7-138



j CONDITION/HT: T78511 ALUM.
FORM: 6. 00"TH PLATE YIELD STRENGTH: 59.1 KSI ALLOY
SPECIMEN TYPE: CT ULT, STRENGTH: 70. 5 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 998"

. FREQUENCY: 18. 30 HZ SPECIMEN WIDTH: 3. 801" 7050
ENVIRONMENT: R. T. o H. H. A. REFERENCES:AL004

AK (MPA Vm) AK (MPA VIM)
4 10 40 100 4 10 40 100

I I I wi ll = I' I I il I I I ' I '

STRESS RATIO = .33 STRESS RATIO =

10 10 . 2

:ili " 101

1-o o1 
. 3  0 .

0 10 .  -.

10 -4 14

10 .  
- 10 - E

10 1 lo- z

-6. -66 = °
m10 4 100

5
10 10" o

-7

- 110 10

i • -6

101176

4 10 40 100 4 10 40 100

STRESS RATIO= _10 STRESS RATIO= 100

-62 -________ 1_________ 2

10010 0

104  1010

;:1 z1° l~ - 
-z

,.,o__0 10 10
S-3 -3

S10 10

z10 - 105 --

@ 2 - 10-6__ _ _ _ _ - - _ _ _ _ _ _ _ _

.10 10

.. i~0 ln ,o, ,, I - 1o010

1-7 -O7

6810 -6 1 0781 6

10 , L ,II - 10-8 WLJ., I , Wll L l l~lL

1 4 10 40 100 1 4 10 40 100
AK (KSI v/n) A K (KSI vf )

Figure 8.7.3.53

L'," .. , J',",< .,' ,\ . ,.' ' " , '.,...._.'.'" ."•."-" , "_, -,' .".' -8. 7",",-.1,3." " " i_



1AFILL 8.7.3.54

FATIGULE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

-. . nDATA 9CA4D IHFGR 8.7.3.54!NDICATING EFFECT

OF E1NVIRONMENT

* MATERIAL. ALUMINUM~ ,050
CONDITION: T76511

DELTA K~ DA/DN (10**--6 IN./CYCLE)
(KSI*IN**1/2)

*A B3 C D

* E R.1. E= R. T. E= R. T. E=- R.T.

H, H A. H. H. A. 3. 5%. NACL 3.57. NACL
2HZ 2HZ 2HZ 0HZ

A 6. 2
DELTA K B 4.2 e 146

MIN C. 6.83 1. 29
D. 3. 12 .005

3.50 .0279
4.00 . 23
5.00 .152 .467
6.00 310 .772

7. 00 1. 26 .735 1. 25 1. 41
63.00 2. 11 1. 53 2. 08 3. 38
9.00 3.25 2.76 5.26 7.86

10.00 4. 71 4.47 11.6 15. 0
13.00 11. 3 12.6 4.9 4'l. 1
16.00 22.2 24.9 93. 6 71. 3
20.00 463 46.8 181. 99 .5

--. 25.00 100. 61. 3 304. 136.
30.00 198. 123. 436. 205.

A'35.00 369. 175. 576. 33S.
-. 40. 00 660. 732.

50.00 : 1946. 1117.

A: 56. 19 3645.
DELTA K B 37. 08 212.

MAX C 59.30 1619.
*D 35 92 37'7.

ROOT MEAN SOUARE 19 51 14.25 11.29 210 13
PERCENT ERROR

LIFE 0.0-0 :5
PREDICTION 0l 5-o 8

RATIO 08B-1 25 1 1 1
SUMMARY 1-25-2 0i
(NP/NA) 2)

Ei .7-1



717 CONDITION/Hr 1'75511 ALUM.
FORM: 0. 44"TH EXTRUSION YIELD STRENGTH. ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION- L-T SPECIMEN THK: 0. 151- 0. 152'

STRSSRATO:+0.10SPECIMEN WIDTH: S. 000" 7050
JFREQUENCY: REFERENCES.86844

&K (MPA VAmh AK (MPA \/rn)
4 10 40 100 4 10 40 100

I'I I I 1,1 EN1OMNTR .
ENVIRONMENT R. T. 1 NINET .T
H. H. A. H. H. A.
2HZ210 i&2 20HZ i

20 10100

-4 -u
10O 10 -

10 lo1

l o - i0 -

cv4 -4
-~ 10 10 c

10- 010

10 10~

4 10 40 100_________ 4 10 40 100

TVR_ Ti.) 0 V 4 ~~~ R. . 0

10.00

62 2o;

U 10 - 10 1

1073

-6 -610 101

10i 1
1 0 10 0 o

1L66LI
T-. 4 1 40 00 110 4 10

AK10 (K0I 5r~ K(KIV

10 167r .7

10- 6 -6
-,.,I-,10



TA3LL. .37

F4rIGUE CRACK GROWTH RATE=- AT DEFINED LEYELE
OF STRESS INTENSITY FACTOR

DA.TA ASSOCIATED WITH FIGURE 8... NDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALUMINUM 7050
CONDITION: T76511
ENV'IRONMENT- R T .L.HKA.

DEL.TA K DA/DN (l1O**-6 IN. /CYCLE)

A B C D

R-+0 46

A: 6.63: 21
DELTA K B

MIN C.
D:

7.00 2.71
6.00 4.63
9.00 6,98
10.00 9.90
13,00 26.1

A: 15.21 56.7
*DELTAK B:

MAX C:
D.

*. ROOT MEAN SQUARE 5. 30
PERCENT ERROR

-----------------------------------------------------------------------------------------
LIFE 0.0-0. 5

PREDICT ION 0. 5-0. 8
RATIO 0.8-1.25 1
SUMMARY 1 25-2.0

*(NP/NA) D-2. 0

* 8.7-142



W.- W.

CONDITION/HT T76511 ALUM.

FORM: 1. 16"TH EXTRUSION YIELD STRENGTH: 76. 4 KSI ALLOY
SPECIMEN TYPE: CT ULT STRENGTH: 83. 6 KSI
ORIENTATION: L-T SPECIMEN THK: 1. 007"
FREQUENCY: 18. 30 HZ SPECIMEN WIDTH: 3. 100" 7050
ENVIRONMENT: R. T. . L. H. A. REFERENCESAL004

S. AK (MPA N/7) &K (MPA ,/T)
4 10 40 100 4 10 40 100

STRESS RATIO -0. 46 STRESS RATIO

103>7
1.- -- 10 "  -- - 10 -

102 " Z0
u

- .. l - -_ l - _

10O - E

V5 10"

10 z
cc- -- 4 - 4-6 -6 .Z 10-5 - -- 0

. 5 -
_--

010 10

105 10

10- - 10-7 0 - 6

1 0- 1 1 1 10
108I ... .I.JLL..=. = 1o - i = olii•

- 1 4 10 40 100 1 4 10 40 100,-© -,,,,,,,,, nT~F,© m-~Tr
STRESS RATIO 10STRESS RATIO=

1-2 1-2

1073 10O10-2 10 2

010 -- 10 -4
1,_ -- 102 -- i_102  -U,

L)
C.) -4 U-(

s 10. 3 o

-. 10 3  E

1 " "5  10 Z
io74 4

-. ow

io-s lo-
7 1 -F7

0105 1 10
Jil 108 1_ lh h -ii-- -1 106 ---- I 10 -6

.10-8 F 1 108
1 4 10 40 100 1 4 10 40 100

AK (KSI in) &AK (KSI v/' n)
Figure R.7.3.5_

8.7-143
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JoJ

TAIBLE 8.7.3.56

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE8.7.3.56 INDICATING EFFECT

OF ENVIRONMENI

MATERIAL: ALUMINUM 7050
CONDITION: T76511

DELTA K DA/DN (0**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R. T. E= R.I. E= R. T.

L, H. A H. H. A. SALT FOG

A 4. 53 .361

DELTA K B 4. 95 .720

MIN C 4.52 1. 55
D

5. 00 .419 .794 2. 56
6. 00 .626 2. 83 7.06

7.00 .988 5.29 11. 7
8. 00 1. 58 8. 10 15. 7
9.00 2.52 11.4 19.3
10.00 3.95 15. 4 23. 5
13.00 38.4 47.5
16.00 81. 1

A: 11.55 7.62
DELTA K B: 17.46 83.7

MAX C: 15. 13 70. 2
D:

ROOT MEAN SOUARE 9. 30 15. 98 12. 58
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1. 25 1 3 2
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

8.7-144
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CONDITION/HT: T75511ALM
FORM: 1. 16"TH EXTRUSION YIELD STRENGTH.- 76. 4 KSI ALLOY
SPECIMEN TYPE: CT ULT STRENGTH: 83. 6 KS I
ORIENTATION- L-T SPECIMEN THK: 1. 000- 1. 007'1
STRESS RATIO: -0. 33 SPECIMEN WIDT H: 3. 100- 3. 801"75
FREQUENCY: 19. 30 HZ REFERENCES.A00

AK (MPA /mT A~K (MPA -/Mh)
4 10 40 100 4 10 40 100

ENVIRONMENT- R. -10 ENVI ONMENT: R. T..

L .2 H .6.2 
H H A .

10 lo4

o10 oi

- 1010 10

10- 10

100

10-6 10 o

14 440 4 0

ENIOMNT .. 1100 NIONET 100

10 106

_ _ _ _ _ _ _ _ 1 0 -_ _ _ _ _ 5 
1 0 - 5__ _

10 -10'

=10 10- 2

>10 1- 10

1002

G) 
____ __2

41 -4 -

100 10

100 10

1 0-6 ic

14 10 40 100 1 4 10 40 100

- .7. .

7- 11



TAIHLE 8. 7.3. 57

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8..35 INDICATING EFFECT

OF ENVIRONMEN't-
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MATERIAL: ALUMINUM 7050

COINDITION: T76511

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

F- RI.T E= R.I. E= R. T.
L. HA. HH.A. SALT FOG

A: 3.86 31.!3
DELTA K B. 6.00 5. 43

MIN C: 5.91 7.43
D:p

4. 00 323
5.00 810
6.00 1. 76 7.66
7.00. 2.71 8.50 10. 7
8.00 3.68 12.0 14.8 E3
9.00 4.87 160 20.0
10.00 6.38 20.5 26.7
13.00 14.4 39.2 50.8
16.00 35. 5 71. 5

A: 18.47 93.4
DELTA K B: 17.14 89.7

* MAX c: 14.15 .53.6

D:

ROOT MEAN SQUARE 17.60 6.16 7.66
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.9
RATIO 0.8-1.25 211
SUMMARY 1. 25-2.0
(NP/NA) >2. 0

8.7-146



4 CONDITION/HT. T75511 ALUM.
FORM: 1. 16"TH EXTRUSION YIELD STRENGTH: 74. 4 KSIALO
SPECIMEN TYPE: CT ULT. STRENGTHi 82. 5 KSI
ORIENTATION T- SPECIMEN THK. 0. 999- 1. 000'

-- STRESS RATIO: -0. 33 SPECIMEN WIDTH:' 3. 801"75
'FREQUENCY: 18. 30 HZ REFERENCES:.AL004 75

4 10 40 100 4 10 40 100

ENVIRONMENT: R. 4. 1 00 162@ EVI8MF R. T
L. H. A. H. H. A.

06 -2

10~ l10

10-1 1021

.3 3

>. 4 -

16O 10 -

c 10-3  i0o3 E
E

S10" 10- 5 z

10 101

10a 6  
10-6

I II I'I I I II ll 161, 1 1 1 I'I'f

12-SALT FOG d

10' 10-

10 3 10
102 102

u 10 - 0
3 0

3

s 103
10 E

z -65

105 100z
7 -17

10' -10

10 6 a 6

08 J LJJ .J L.ii-106 -jj 8JJJ
1 14 10 40 100 1 4 10 40 100

A~K (KSI V/,h A~K (KSI V 'in)

* 8H.7- 147



TABLE 8.7.3.58

FATIGUE CRACK GROWTH RATER AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8 -7-3-5 8 INDICATING EFFECT

OF ENVIRONMENTr

MATERIAL: ALUMINUM 7050

*. CONDITION: T76511

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B3 C D

E= R. T'. E= R. T. E= R. T.
SL. H. A. H. H. A. SALT FOG

A: 5.768 1.06
DELTA K B: 5.91 4.95

MIN C: 7.98 6.09

6.00 : 1. 17 5.23
7.00 : 1.73 8. 19
6.00 : 2.31 10.7 8. 17 '
9.00 : 2.89 13.4 12.6
10.00 : 3.45 16.6 17. 1
13.00 : 4.90
16.00 : 5.97

A: 18.8e3 : 6.69
DELTA K 3: 10.86 :21.2

MAX C: 12.68 :26. 1

ROOT MEAN SQUARE 10. 06 5. 74 2. 40

PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 211
SUMMARY 1.25-2,0

*(NP/NA) :,2. 0

* 8.7-143



7- ..7. - .v-

4* CONDITION/HT: T7851 1 A LU.
* FORM: 5. 00'TH EXTRUSION YIELD STRENGTH: 82. 3- 82. 6 KSI ALY

SPECIMEN TYPE: CT ULT. STRENGTH: 87. 6 KS I
ORIENTATION- L-T SPECIMEN THK. 0. 999- 1. 003'
STRESS RATIO: +.0. 33 SPECIMEN WIDTH: 3. 100- 3. 801"75
FREQUENCY: 18. 30 HZ REFERENCES.AL004 75

&K(MPA VI) AK (MPA V/m)
4 10 40 100 4 10 40 100

ENVIRONMENT: R.4.1.i -too ENVI ONMENT.- R. T.,
L. H. A. H. H. A.

1622 1 2

oO-110 101

- .- 1

10 -o10

10. 11
-C -7310 10

7W 10 006 1

10010

101 10'

-~1 100 0

1 4~ 10 3 40 104 10 4 0

ZV -_ 100 @ NIONET
V 10 i00

10 -0

-7 -2
10 10 10

101 10616

S 4 10' 40 10 10- 4E0 4

10ur -5 57
107-4

d .~.... ~ - - - -4



TABLE: 8.7.3.59

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.7.3.59 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050 4i

CONDITION: T76511

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E =  R.T. E-- R. 1. E= R.T.
L. H. A H.H.A. SALT FOG

A: 5.82 1.43
DELTA K B: 3.89 1.05

MIN C: 5.89 5.92

D

4.00 1 01
5.00 1.71
6.00 1. 53 4. 91 6.82
7.00 2. 38 11. 9 14.9
8.00 4.68 23.4 22.4
9.00 12.4 41.0 35.8

10.00 43.9 121. 73.8

A: 10. 02 45. 2
DELTA K B: 10.01 124.

MAX C: 10.31 98.8

D:

ROOT MEAN SQUARE 9. 65 19 59 12. 07

PERCENT ERROR

LIFE 0.0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0.8-1. 25

SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

8. 7-150 .

-. ,4 •.w . - ,- , - °. , ° o4 o . . . . ... . .. . .
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CONDITION/HT: T75511 [ET
FORM: 5. 00"TH EXTRUSION YIELD STRENGTH: 70. 3- 82. 3 KSI ALO
SPECIMEN TYPE: CT ULT. STRENGTH. 76.5- 67.6 KSI
ORIENTATION- S-L SPECIMEN THK: 0. 958- 1. 006
STRESS RATIO: -0. 33 SPECIMEN WIDTH: 3. 800- 3. 801 75
FREQUENCY: 18.30 HZ 7050NESAL0

AK(MPAV'~ -v-)AK (M PA ,/-M)
*4 10 40 100 4 10 40 100

*'-' ENVIRONMENT: R. .. 100 @ ENIRO8NMENT: R. T..
L. H. A H. H. A.

_10' 10'

10 - 0

-4102 
10 2

4 ~4>
1 0O 3 1 01 -

z- 5
10 10 10

m 0 - o7 10-

-1 -1 4  j

10' 10

1008 1 0 6

I0 I~1J I ~ ~ j lil I0IItil8 1. 111I.lld 1.. IW I -A

, 11 4 10 40 100 1 4 10 40 100

© ENVIRONMENT: R. lol10 ENVIRONMENT: 100
SALT FOG

1-2 _ _ _ _ _ _ _ _ _ _ _ _ -102

10 10'

% 1o3  
- 0

1 0-2 
1 2_

10

010 -4 I6 40

10 13 3 E

?10~ 10' -

-4

10 10100

5
10- 10~

7 7__ _ __ _1~

10 110

1 4 10 40 100 1 4 10 40 100

Ficlure, R. 7. 3. 51
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TABLE 8.8.3.1

FAl IGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.8.3-1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL ALUMTNJM~ 7050(ALCLAD)
DNDITION T76

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R.T. E R.T. E= R.T.
L.H. A. H.H.A. SALT FOG

A: 5. 02 .763
* DELTA K B: 4.99 1. 50

MIN C: 5. 11 2.27
D:

5.00 1 .51
6.00 1.77 2.76 4. 74
7.00 2.91 4.55 8.26
83.00 4.05 6.93 12.3
9.00 5. 31 9.97 16. 7
1000 6.90 137 21.4
1300 176 294 39.3

A: 14.99 39.6
DELTA K B: 14.43 39.2

MAX C: 14.62 53. 3

ROOT MEAN SQUARE 12.44 8.41 10.79
PERCENT ERROR

SLIFE 0.0-0. 5
PREDICTION 0. 5-0. 8

*RATIO 0.8-1 25 2 2 2
SUMMARY 1.25 -20

*(NP/NA) >2 0



0, CONDITION/HT: T75 LM
*FORM: 0. 03- 0. 13"TH SHEET YIELD STRENGTH: 65. 1- 67. 7 KSI ALLOY

* SPECIMEN TYPE: CR ULT. STRENGTH. 74. 2- 76.2 KSI
ORIENTATION- T-L SPECIMEN THK: 0. 024- 0. 122"
STRESS RATIO: -0. 33 SPECIMEN WIDTH: 3. 999- 4. 001 7050
FREQUENCY: 13. 30 HZ REFERENCES:AL012 (LLD

AK (MPA &/h K (MPA vT
4 10 40 100 4 10 40 100

® ENVIRONMENT: R .10ENVIF 1NMENT: R. T..
L. H. A. H. H. A.

10- 10-

10' 3 10-

-2 -2

10 10

c10 o3  i3 E

S10 10'
4 4

10- 10- e

55

_10 1101

10 -6 10-6

1 -8 _ - l L

T L 100 NT R ENVIRONMENT:

1 2 
162______ 

________

100

10- 3 110F

- 1 0 1o0-2

16 10;

10 U3

10~
z E

70 10 ______-10~ z

-~ o4 10 m

1 0'

1010- 5 0

10- 10-6

AK (KSI V/7n) &K (KSI V/m)

8 - . -7



TABLE 8.8.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* - DATA -~QITED WITH FIGURE 8.8.3.2 INDICATING EFFECT

OF ENVIRONMENT

* MATER IAL: ALUM] NUM 7050(ALCLAD)

- . CONDITION: 176

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A BC D

E= R.T. E= RT. E= R.T.
L. H A. H. H. A. SALT FOG

A: 5.07 .729
DELTA KBE 508o 1. 51

MIN C: 5.70 4.90
D

6.00 1.69 2.85 5.92
7.00 3.06 4.82 10.0
8.00 4.63 7.33 15.2
9.00 6.35 10.4 21. 3
1000 6. 19 14.0 28.1
13.00 : 15. 3 29.4 51.6
16.00. 27.4

A: 16. 45 30. 0
DELTA K B: 14.26 38.5

MAX C: 14. 10 80. 8
D:

ROOT MEAN SQUARE 4.79 2. 06 2.861
- . PERCENT ERROR

* :>LIFE 0.0-0. 5
PREDICTION 0. 5-0.8
RATIO 0.8-1.25 1 1 1
SUMMARY 1. 25-2. 0
(NP/NA) >2 0

8.8-



CONDITION/HT: T76 7T5f
'0 FORM: 0. 13"TH SHEET YIELD STRENGTH: 57. 3 SSIALO

SPECIMEN TYPE: CCP ULT. STRENGTH: 75. 2 KSI
ORENATON- L-T SPECIMEN THK' 0. 121

SRSRAI: 0.3SPECIMEN WIDTH: 4. 001 75
FREQUENCY: 13. !0 HZ REFERENCES:AL012 (ALCLAD)

&K (MPA A/h AK (M PA -\/-)
4 10 40 100 4 10 40 100

ENVIRONMENT: R..10 ENVI8 ONMENT. R. T. .
L. H. A. H. H. A.

_ 10-1 10. 1

1 22

u10 100
u~ E

_100

100 1

105 100

10 100-1

166 16

6 -6

10 1
10'8 1018

1 4 1041004 1 4 0

10.2 1o
2

2

10O 10'

C o7 1on 3

10 10-E

u1 o
-6 -3

S 10 10-
i. 5 o55

10'

16 16 6

10 4 10 40 10

AK 7KS 1OF,
6iu>8...

8.g n,8 .83.



TABLE 8.8.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.8.3.3 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALUMINUM 7050(ALCLAD)
CONDITION: T76

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R.T. E= R.'T. E= R.T.
L. H. A. H. H, A. SALT FOG

A: 5.75 541
DELTA K B 5.77 944

MIN C: 5.81 1.99
D:

6.00 .695 1 19 2.27

7.00 1.49 2 43 4.07
8.00 2.49 3 95 6.27
9.00 3. 56 5 81 8.79
10.00 4.66 8 03 11.6
13.00 801 16 5 22.0
16.00 12.3 27 0 36.8

A: 16. 45 13. 1
DELTA K B: 16. 53 29 1

MAX C: 16.50 39. 9
D:

ROOT MEAN SQUARE 5. 27 3. 32 4. 58
PERCENT ERROR

LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1
SUMMARY 1.25-2-0
(NP/NA) >2.0

8.8-10

-. •. - .



CONDITION/HT: T76 ALUM. L
FORM: 0. 13"TH SHEET YIELD STRENGTH: 67.7 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 76. 2 KSI
ORIENTATION T-L SPECIMEN THK: 0. 121
STRESS RATIO: -0. 00 SPECIMEN WIDTH: 4. 001- 4. 002" 705
FREQUENCY: 13. 30 HZ REFERENCES.ALO 12- " (ALCLAD)

&K (MPA A/') AK (MPA -/')
4 10 40 100 4 10 40 100'I ' I '-I 'I' IIII ' I 'I I ' l I I '

ENVIRONMENT: R. ,10 0  ENVIRONMENT: R.T.
!1 -- L. H.A. H.H.A.

10-  100
1 - 10 "

- 10

..- ___ _ _ _ _ _ _ _ _ _ _ - _o10_ _ _ _ _ _

100_2C., - -- 1 2  --- °  U-

> 0 -4 -4
0-3 10 0

z 5 _____ 5 _______

10, 10! 1- -- 1 z

1 4 10 4 z
-6 -6--_--__--_--_"__

106 106

1 --5 510.

" 1 
.
-- 107 ..10 10'

10-6 10.6

-8
1_ 4 10 40 1001 4 10 40 100=. I I 1 1, ,, ,, , , 11 1 ,t ,= - I- 1 1 1 1 1 1 1 1

'"140ALT NT: R. 10o - ENVIRONMENT: 10o

162 12

10.110;::,- -- lo-'- -= lo-
10-3 10

3

10.2 -2
01

>. -64 1__ __ _ 4__ _ _ _1

olO-3 u3
103 103 E

E

10 lo~ z1 0. Z 0"10.- 10, __" .4

-6 ,___'____-- - -_ _ _ _ _ _ ____ _ _ _S-10
4  

14

iO.15  10-6  -

..-- -710
10

0106 11

4| 10i, I ,, 1 , 0-6  I , I...LLLL I l ... L I ,ILI,1 4 10 40 100

, ":"AK (KSI /Tn) AK (KSI /Wn)

'-" Fiqurn' .8.3.3
k10,
14 4 1 40 1001 4 0 4 0

. . . .--. H. 3. .
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TABLE 8.8.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEV.ELS.
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 8.8.3.4 INDICATING EFFECT

OF ENVIRONMENI

*- MATERIAL. ALUMINUM 7050(ALCLAD)
CONDITION: T76

* . DELTA K .DA/DN (1C)**-6 IN. /CYCLE)
* (KSI*IN**1/2)

A B C D

E= R. T. E= R. T. E= R. T.
LH.A. HH.A. SALT FOG

A: 3.41 .410
DELTA K B 3.56 .714

MIN C 3. 51 1.06
D

3.50: .453
4.00 ~ .750 1. 10 1.81
5.00 1.70 2.47 4.82
6.00 3. 31 4.69 9.39
7.00 5.85 8.01 148
8.00 9.70 12.7 21.2
9.00 . 15. 4 19. 1 29.0
10.00 23.5 27.7 39.0

A: 10. 22 25. 7
DELTA K B: 10.183 29. 5

MAX c: 10.50 45. 2
D:

ROOT MEAN SQUARE 4. 32 2.130 4. 27
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 111
SUMMARY 1. 25-2.0
(NP/NA) >20



CONDITION/HT: T76 ALUM.
FORM: 0. 13"TH SHEET YIELD STRENGTH: 67.7 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 76. 2 KSI
ORIENTATION T-L SPECIMEN THK: 0. 121- 0. 122"
STRESS RATIO: -0. 67 SPECIMEN WIDTH: 4. 001' 70S

... FREQUENCY: 13.30 HZ REFERENCES:AL012
(ALCLAD)

ENVIROK (MPA & 1K (MPA yW)

4 10 40 100 4 10 40 100

ENVIRONMENT: R ENVINMENT. R.'
L. H. A. H. H. A.

162 162
101 101

-o3  a310. -

1 102

>104 1-4 4--
u 10010- 1

0 u

E
Z .5 5__ _ -1~-z

10 '

-t1 6 1-6 --________

10. 10 -1 100

1o10

*16 __ _ _6_ _ 10 
6

10" 100

1 4 10 40 100 1 4 10 40 100

-I BFO V N& N T: Ro ENVIRONMENT: 100

10 l 2 1
. 
-2

-- .:_ 0 1  _._=10 -

10--
10.1 ioo'

7 10 
1 -2

4
.1 0 -

70 10- - 10- -

10.  10-4

10- 10- -

10 10.6

. .- 8 
-- 

1 0 
.

_• 10
8 L-- .LI -l~la I-L,' - 1 0"8 W IIl J IIL -

1 4 10 40 100 1 4 10 40 100
AK (KSI /Tn) AK (KSI V/t 7 )

Fiqure 8.8.3.4

8.8-13
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