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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
RA Recrystallize Anneal
ST Solution Treated
STA Solution Treated And Aged

TABLE 1.6

ABBREVIATIONS FOR PRODUCT FORMS

Abbreviations Product Form

S Sheet
P Plate

4- E Extrusion
F Forging
FB Forged Bar
BT Billet
BR Round Bar
RB Rolled Bar
C Casting
W Weldment
D Disk
EB Extruded Bar
B Bar
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.5-. 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

N BDCB Bolt Loaded Double Cantilever Beam

Id

*Also note that when "SG" is used in conjunction with aI.. specimen design, the specimen is side-grooved along the

% path of the crack.
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TABLE 5.1.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.1.3.1 INDICATING EFFECT

OF FREQUENCY

MATERIAL: NICKEL BASE ASTROLOY P/M-H
CONDITION: 2025F 3HR AC, 1600F SHR AC, iOOF 4HR

AC, 1200F 24HR AC, 1400F SHR AC

ENVIRONMENT: +1200F, AIR

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

-. : A B C D

F(HZ)= 0.01 F(HZ)= 0.33 F(HZ)= 20.00

A: 21.63 : 12.0
DELTA K B: 14.25 : 2.67

MIN C: 15.27 2.39
D:

1 .00 : 3.95 2.64
20.00 7.93 4.53
25.00 : 18.4 14.9 8.25
30.00 " 31.2 24.2 13.6
35.00 : 54.7 35.7 20.2
40.00 : 103. 49.4 27.8
50.00': 275. 84.4
60.00 : 410. 130.
70.00 : 582.
80. 00 : 1085.

A: 80.05: 1089.
DELTA K B: 62. 12 • 142.

MAX C: 44.64 • 35.6°:"
------------------------------------------------------------------------------
ROOT MEAN SQUARE 33. 43 24. 73 2. 73
PERCENT ERROR

---------------------------------------------------------------------------------------
*LIFE 0. 0-0. 5

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

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

5.1-

5.1-2

'p ..... ' ' , " " ", " - " "_ , " , ' ' ' " ' ' _ . ,, , ' ' ' ' j . . .' ." .' . - . : ' . - -
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2025F 3HR AC. IBOF 8HR AC. 18BOF 4HR N
CONDITION/HT: AC. 120OF 24HR AC. 140OF 9HR AC
FORM: DISK YIELD STRENGTH: 135. 8 KSI BASE
SPECIMEN TYPE: VOL ULT. STRENGTFI: 202. 0 KSI
ORIENTATION: C-R SPECIMEN THK: 0. 500"

-... STRESS RATIO: -0. 05 SPECIMEN WIDTH: 2. 500" ASTROLON
- ENVIRONMENT: -12000 F. AIR REFERENCES:PWO04 P/M-H

&K (MPA rm) A K (MPA -/'m)
4 10 40 100 4 10 40 100

FREQUENCY (Hz), 0.01 MV 10 FREQUENCY (Hz) = 0.33
-2 lO2 _ _

*10 10

- 10-1  10 - 1

3
1.-2 10F3  - 2

S10.2 -- 10

4.410. 10
-10. 3  10 -

--- -_
C 

3 E

104 10s 1 --

1 10
6  10 E10 z

9 ; _7 16 __7_10_
5

-6-

_ _ _ __10
7
8 -- 101704 1

1 4 10 40 100 1 4 10 40 100
\!l::/ , -I ,l l _ o @ - 0 ' '' 'I ,l, _

FREQUENCY (Hz) = 20. 00 10 FREQUENCY (Hz) = 10
162 10-2

10.- 10--

10.1 10-1

>15 4 104 _ _
i 10. 3  10.3 E

4 E

Z 10 - Z

-- _ 10 "74 _ 10

1-1o -

10 10-7

1OF 10F6
6--1 61

.,. 1 4 10 40 100 1 4 10 40 100
AK (KSI V/Tn) AK (KSI v'n)

Figure 5.1.3.1

5.1-3
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-'.5 TAJBLL 5.1. 3.2

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

* DATA ASSOCIATED WITH FIGURE 5.1.3.2 INDICATING EFFECT

OF FREQUENCY

MATERIAL: NICKEL BASE ASTROLOY P/M-H
% CONDITION: 2025F 3HR AC. 1600F 8HR AC. iBOOF 4HR

AC. 1200F 24HR AC. 1400F 8HR AC

~' ENVIRONMENT: +1200F, AIR

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

A B C D

F=2 MIN HOLD F=5 MIN HOLD F=15 MIN HOLD
:TRAPEZOIDAL TRAPEZOIDAL TRAPEZOIDAL

A: 29.04 : 38.9
.. , DELTA K B: 28. 95 :90.9

MIN C: 23.79 :60. 7

25.00 :64.9
30.00 : 43.3 90.1 97. 1
35.00 : 65.5 95.9 156.
40.00 : 90.0 114. 246.
50.00 : 173. 181. 514.
60. 00 : 327. 298. 926.
70.00 : 559. 472. 1574.
80. 00 : 842. 708. 2622.
90. 00 :1000. 4352.

A: 87.40 : 10,90.
DELTA K B: 93.51 :1113.

* MAX C: 92.44 4928.

ROOT MEAN SQUARE 26. 66 26. 49 24. 65
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

5.1-4
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2025F 3HR AC. 180OF 8HR AC. 180SF 4HR
CONDITION/HT: AC. 120OF 24HR AC. 140OF SHR AC NCE
FORM: DISK YIELD STRENGTH: 135..8 KSI BS
SPECIMEN TYPE: WOL ULT. STRENGTH: 202. 0 KSI

ORIENTATION: C-R SPECIMEN THK: 0. 500"
STRESS RATIO: *0.05 SPECIMEN WIDTH: 2. 500' SRL
ENVIRONMENT: 4-12000 F. AIR REFERENCES:PW004 ATOO

* P/M-H

AK (MPA N/i) AK (MPA V'Th)
4 10 40 100 4 10 40 100

FREUENY =2 MN. OLDFREQUENCY = 5 IIIN. HOLD

16 -i
2  TRAPEZOIDAL wAVEFORM 1-2 TRAPEZOID~

- 10' l10

100 160

4 102 10 -2

>r -4 
-4C

u 1 _ 10 - 2
C 10~1E

Z __ _ _ __ _ _ io 
5 

E

70 10 -5 c

10-610- 
lo74__ 

__ 

7__ 
_ _ _ _ -1

10-5 i0-5

-7 -7

100 101

1 4 10 40 100 1 4 10 40 100
I~z 7 TTIr 'I'' Ip11 I I I' T-1 I 1 11 11

FREQUENCY =15 MIN. HOLD- 10 FREQUENCY 100

1-2 TRAPEZOIDAL, WAVEFORM 162t

100-

1 a3 - 163-

1 -2 
0

4 
4 z.

~ -,c ~ - 11 03

~~10-3

1O-4 
i0z

10 -~~ - 101074

-77 -5

10% 10 -
~~10-6

AK (KSI V"Tnh AK (KSI V/7h
Fig~ure 5.1.3.2

5.1-5
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TAIL 5.2.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.2.3.1 INDICATING EFFECT

OF FREQUENCY

MATERIAL: NICKEL BASE ASTROLOY P/M-W
CONDITION: 2025F 4HR AC, 1600F BHR AC,1800F 4HR

1200F 24HR AC, 1400F 8HR AC

ENVIRONMENT: 41200F, AIR

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

l A B C D

F=15 MIN HOLD F(HZ)= 0.33 F(HZ)= 20.00
" . TRAPEZOIDAL

Vp

A: 15.46 • 18.2
DELTA K B: 12.48: 3.50

MIN C: 16.61 • 2.59
D:

13.00 : 3.61 t':
16.00 : 21.0 5.26
20.00 50.2 10.3 3.48

25.00 " 113. 21.7 5.84
30.00 • 218. 37.7 9.22
35.00 : 373. 55.9 13.6
40.00 • 578. 76.3 18.8
50.00 : 1156. 132.

60.00 : 2205. 225.
70.00 • 4714.

80.00 • 14680.

A: 84.92 : 30709.
DELTA K B: 61.82 • 249.

MAX C: 45.34 : 25.4
%D:•

%
ROOT MEAN SQUARE 97.51 14.52 15.84
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

52
~~5.2-2 "

= . . . . . . . . . . . . . . .. .
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2025F 4HR AC. 1500F BHR AC. 1800F 4HR AC
CONDITION/HT. *1200F 24HR AC. 140OF 8HR AC NCE
FORM: DISK YiELD STRENGTH: 153. 0 KSI BS
SPECIMEN TYPE: WOL ULT. STRENGTH: 220. 0 KSI
ORIENTATION: C-R SPECIMEN THK: 0. 500"
STRESS RATIO. -e-0.05 SPECIMEN WIDTH: 2. 500"ASRL
ENVIRONMENT: -12000 F. AIR REFERENCES: PW004 P/M-WLO

&K (MPA V/Th) AK (MPA /)

4 10 40 100 4 10 40 100

FRQUNC =15MIN. FREQUENCY (Hz) 0. 3:3
1-2 HOLD -TRAPEZOIDAL -2 ______

10 10
+10.1 lO-1

1 o 3 -

1o- 2 10 -2

>. -4 -

1 0 3 1 0- 3 E

16i~ 10-
i 4  107

10- 1 10m
-7 -7

10 10 10

1......L...J.±.d...... 4 1o40 10 4 10 40 100

-FREQUENCY (Hz) 20.00 100FEUNY(z 100

-62 
-2 RQENY(z

10.1 10-1

1 o3  -o-

-2 -210 10
4 -4 z

1 a37 10

10-

*0 10 51

10 -110

1 0-610

1 4 10 40 100 1 4 10 40 100
AK (KSI &7) K (KSI vr'T)

Fig-ure 5.2.3.1

5.2-3
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TABLL 5.3.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* . DATA ASSOCIATED WITH FIGURE 5.3.3.i INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE ASTROLOY 901
CONDITION:

K. ENVIRONMENT: R.T. SLAB AIR

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

*A B C D

* R=+0. 10

A: 18.86 .752
DELTA K B:
MIN C:

20.00 :1. 12
25.00 : 2.62
30.00 :4.55
35.00 :6.35
40.00 :8.55
50.00 : 22.1

A: 59.15 : 35.1
DELTA K B:

MAX C:

ROOT MEAN SQUARE 11.20
PERCENT ERROR

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

RATIO 0.8-1.25
SUMMARY 1. 25-2.0

(NP/NA) D>2. 0

53 -2
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CONDITION/HT: YEDSRNT:NICKEL
FORM: YIL TEGH BASE
SPECIMEN TYPE: SENT ULT. STRENGTH:
ORIENTATION: SPECIMEN THK.: 0. 126"
FREQUENCY: 0.17 HZ SPECIMEN WIDTH: 2. 500" ASTROLO~i
ENVIRONMENT: R. T. *LAB AIR REFER ENCES:PW003

AK (MPA ./T)AK (MPA v'm)
4 10 40 100 4 10 40 100

STRESS RATIO -t-0. 10 10 oj STRESS RATIO
1-2 

1-2 _______

_10.1 10-1

-22_
102 10- 2 Z

U 16

c1 3 10- 3 E
-E

Z -5_ _ _

~10 16

V 10 10-4 v

66
106

-67

100
18 01 1 h l

10 -108

STESRTO10.1RESRAI 10.1

io - 10.2 1-21

10 10-2

116 164U

__ _ _ 10- 10 E

- E
Z -5 __ _ _

10 10
1-4

100 -1

10F 1 10
1 0-6 10-6

1 4 10 40 100 1 4 10 40 100
&K (KSI & K (KSI V/7T)

Figure 5.3.3.1
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TA13LE 5.3.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.3.3.2 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE ASTROLOY 901
°-. CONDITION:

ENVIRONMENT: + 80OF, AIR

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

A B C D

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

A: 16.50 • 1.99
DELTA K B: 9. 87 : .867

MIN C:
D:

10.00 : 1.21
13.00 : 2.25
16.00 : 3.72
20.00 : 3.58 5.85
25.00 : 7.14 9.39
30.00 " 12.0 15.3
35.00 : 18.9 23.7
40.00 : 27.7 34.2
50.00 : 50.0
60.00 : 87.1
70.00 : 172.
80.00 : 402.

A: 88.23 : 918.
DELTA K B: 48. 57 • 54.2

MAX C:
D:

.4..

----

ROOT MEAN SQUARE 21.41 14.70

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

5.3-4
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CONDITION/HT: NCE
FORM: YIELD STRENGTH.BS
SPECIMEN TYPE: SENT ULT. STRENGTH.
ORIENTATION: SPECIMEN THK: 0. 121- 0. 124"
FREQUENCY: 0. 17 HZ SPECIMEN WIDTH:. 2. 500" ASTROLO)
ENVIRONMENT: - B00 F. AIR REFER ENCES:PW003 901

AK (MPA ~/)AK (MPA V/T)
4 10 40 100 4 10 40 100

STRESS RATIO= -0. 10 100 STRESS RATIO= +40.50

1010- 10

10' 10'

I.) 16

10O 3 10- 3 E-3E

~1010

V10- 10- 5 U

10- 6 10-

168 1- 1 06L

1 4 10 40 100 1 4 10 40 100

STRESS RATIO =10STRESS RATIO= 0

-62 
1_________ 2

10.1 10o-

1 -F 110 i -32

10 ~102

C.) 4 164

~10 010
-E

70~1 Eo1

5 5o

_ _ _ _ _ _ _ _ _ _ -1 0 =10

-~ 6 7- 10- 010

-. 1o 8  1 1 ...± l.lt 10 F I 11 11
*- -1 4 10 40 100 1 4 10 40 100

&K (KSI v/1) AK (KSI ./in)
Figure 5.3.3.2

@1 5.3-5

Downloaded from http://www.everyspec.com



TABLE 5.3.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.3.3.3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE ASTROLOY 901
CONDITION:
ENVIRONMENT: + 800F, AIR

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

: A B C D

R+0. 70

A: 8.01 : .441
DELTA K B:
MIN C:

D:

9.00: .428
10.00 : .601
13.00 " 1.44
16.00 : 2.26
20.00 : 3.93
25.00 - 5.98

A: 26.83 : 7.68
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 14. 00
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

e5.3-6
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CONDITION/HT [i:Fo FORM: YIELD STRENGTH.BS
* - SPECIMEN TYPE: SENT LJLT STRENGTH

* ORIENTATION: SPECIMEN THK 0. 123"
FREQUENCY. 30.00 HZ SPECIMEN WIDTH 2. 500"ASRL

EVRNET:~ 800c PU AIR REFERENCES PWO03 901OLD

AK (MPA -,/M) AK (MPA 100M
*4 10 40 104 10 40 10

STRESS RATIO = -s0. 70 STRESS RATIO
1-2 

16______ ________i2

10 1

102 102

10 10 1

10 -o 10E

10 100

V10- 10- r

10 101

-7 .7

10- 10 10

iO.8 10

1 4 10 40 100 107 4 10 40 100

STRESSRATIO= 100STRESS RATIO-1
-. 1-2 

16_______ 2

10.1 10.1

16 1. o73

-2 -210 10 E

4 10

10 10

10 10 100

106 1

14 440 4 0 0 4 0

U5.-

-6 .. .. ..6
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TABLE 5.3.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.3.3.4 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE ASTROLOY 901
C OND IT ION:
ENVIRONMENT: + 950F, AIR

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

*A B C D

* R=+0. 10 R=+0. 50 R=+0. 80

A. 1498 1.53
DELTA K B: 13. 368 1.60

*MIN C: 8.44 : 948
D:

9.00 :1.64
10.00 :2.08
13.00 3.12
16.00 : 3.15 4.57 5.03
20.00 : 6.81 10.0 7.69
25.00 : 10.6 15.6
30.00 : 15.8B 20.7
35.00 22.1 27.7
40.00 : 30.4 39.7
50.00: 65.5
60.00 : 151.
70.00 : 191.

A: 71.72 : 182.
DELTA K B: 42.89: 50.9

MAX C: 24.05 :11.9

ROOT MEAN SQUARE 18.21 16.75 12.71

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0. 8-1. 25
SUMMARY 1. 25-2. 0
(NP/NA) D,12.0

5.3-8
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CONDITION/HT:NICEFORM: YIELD STRENGTH.BS

ORIENTATION: SPECIMEN THK: 0. 117- 0. 123"

FREQUENCY:- 0. 17 HZ SPECIMEN WIDTH: 2. 500" ASTROLO0
ENVIRONMENT. - 9 5 0 0 F. AIR REFERENCES:PW003

AK (MPA N/_i) A K (M PA .t/7T
4 10 40 100 4 10 40 100

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

10 2 102

02 1-

100
CC

-.- 10

100 E

10010

10o

_______ -01

1 OF 10 -0-

10- 010

10.1 10.1

1o-
3  1 __ __3_ _

10-2 02

10- 313 E
~10

-61______5 10-65
104 0-

55
i0- 10.5

1 F1 0 -6 11 U

4 1 40 101 4 10 40 100
AK (KSI .v/n) A K (K SI 7../)

Fi gure 5. 3.3. 4

5. 3-9
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TAIBLL 5.3.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE5.3.3.5 INDICATING EFFECT

OF STRESS RATIO

MATER IAL: NICKEL BASE ASTROLOY 901
CONDITION:
ENVIRONMENT: +1100Fi AIR

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

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

A: 17.59 : 7.88
DELTA K B: 15. 58: 5.64
MIN C:

D:

16.00 :6.02
:::20.00 11.4 11.4

30.00 : 27.9 26.9
35.00 : 37.0 35.0
40.00 : 47.3 50.9
50.00 : 78.0
80.00 : 139.

A: 67.44 : 249.
DELTA K B: 48. 57 :110.

MAX C:
D:

ROOT MEAN SQUARE 14. 45 13. 87

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 5.3-10
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CONDITION/HT: NICKEL
FORM YIELD STRENGTH: BASE
SPECIMEN TYPE: SENT ULT. STRENGTH:
ORIENTATION: SPECIMEN THK: 0. 122"
FREQUENCY: 0. 17 HZ SPECIMEN WIDTH: 2. 500" ASTROLON

.'~ENVIRONMENT: -11000 F. AIR REFERENCESPWO0390

-- AK (MPA -,M &K (MPA Vm
4 10 40 100 4 10 40 100

loo®
STRESS RATIO -o-0. 10 STRESS RATIO -- 0. 50

-62 1_________ 2 _ _______

10- 10-

i10 -3io
-2 -2

0) 10' 10;
(.) U

c 3* -4 E
U

1 0  10 E

-4 10-4
-6 ~~~10 - i Ij~2

166 106
1 0' 51

16- 16

16 IL0-1

10- 16610

1 4 10 40 100 1 4 10 40 100

© STRESS RATIO =100 STRESS RATIO =100

-62 1_________ 2

1073 103

1010

44 >1

L)10 10 -

1~. -3s10 z103 E
z E

%' 0 10

1o- 4  10-4

-6- -6-

107 101 1 1 11 -~

1 4 10 40 100 1 4 10 40 100
AK (KSI v/T) A K (K SI v i -n

Figure 5.3.3.5
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TAbLL- 5.3.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.3.3.6 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE ASTROLOY 901
CONDITION:
ENVIRONMENT: +1350F, AIR

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

(KSI*IN**1/2)

A B C D

R=+0. 10

A:
DELTA K B:
MIN C:

D:

200. 00

A:
DELTA K B:

MAX C :"
D:

ROOT MEAN SQUARE 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

5.,.

5.3-12
.II

Downloaded from http://www.everyspec.com



CONDITION/HT: NICKEL

FORM: YIELD STRENGTH: BASE
SPECIMEN TYPE: SENT ULT. STRENGTH:
ORIENTATION: SPECIMEN THK:

.. FREQUENCY: 0. 17 HZ SPECIMEN WIDTH: 2. 500" ASTROLO
ENVIRONMENT: +13500 F. AIR REFERENCES:PW003 901

&K (MPA Vm) AK (MPA %/')
4 10 40 100 4 10 40 100

STRESS RATIO = -0. 10 STRESS RATIO
-O2 6_ -2_ --_
010 "1  - 10 1

1173 10.1

1--2 1--2
0 1010

S U 
1 0  

1 1010
".o, . ---- 0.

Z -5lo . 10-  10.5  z

10 __ 10
4  o. 

-4  
"

o0 10-5 -

-6..___ __ __ _10
.

__ __ __

10 -6 10.

S 11 1078_-6

1 4 10 40 100 4 10 40 100

STRESS RATIO= STRESS RATIO= 100

1-2 1-2

10- - 10102 20

-2

z 4 -4

. 10

--.,1
.  10010 3

z' 10. __ _ _ _ _ _ _ _ _ _ - 10 
4  z

1 10
-3

1

10 - 10
10- 10

-8o
10 ,,,, . ....... L..LJL -1 ..... L.L .L . .... L...L ~ .

10 -- 10
-4 

11F"

0106  - 6 Z0- 1--

P.%FS 107i- 10-78 1-

1 4 10 40 100 1 4 10 40 100
AK (KSI ITn) AK (KSI v/Tn)

Figure 5.3.3.6
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TAI3LL 5.3.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.3.3.7 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE ASTROLOY 901
CONDITION:

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

A B C D

E=+800F E=+1100F

:AIR AIR

A: 10.86 :1.81
DELTA K B: 11.04 :4.57

MIN C:

13.00 : 2.58 5.22
16.00 : 3.71 10.9
20.00 : 5.96 16.6
25.00 : 9.97 24.6 .

30.00 : 13.8 35. 1
35.00 : 19.9 37.8
40.00 : 29.4

A: 45.80 : 37.3
DELTA K B: 36.86 :35.6

MAX C:
A 0:

ROOT MEAN SQUARE 11.65 15.60
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

5.3-14
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* CODITIN HTYIELD STRENGTH
FORM IBASE
SPECIMEN TYPE SENT ULT STRENGTH
ORIENTATION C-R SPECIMEN THK 0. 122"
STRESS RATIO: +0.50 SPECIMEN WIDTH 2. 500" ASTROLO
FREQUENCY 0. 17 HZ REFERENCES.PW00390

AK (MPA -v/ii) ZAK (MPA ,/rTT)
4 10 40 100 4 10 40 100

ENVIRONMENT 8d10c ENVIRONMENT -1100 F.
AIR AIR

10110

i3
2 2

10, 
0

10 ,0 u

z5
'o10 10 z

0, 10

-6 -5

10 10
1

10~

10-6 10-6

10-8 L.JLW i.i.L 0 i4. . Li
1 4 10 40 100 14 10 40 100

ENVIRONMENT: 10o ENVIRONMENT: 10

2d r1 
-2

10 103
10101

102 10 2

u - 4 1.

u' 10' 1

E

Z 5 15-

0 o _ _ __ _ 10

10~ 1 05

1 4 10 40 100 1 4 10 40 100

Figure 5.3.3.7
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i'AbLk 5.3.3.8

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.3.3.8 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE ASTROLOY 901
CONDITION:

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

A B C D

* .~.E=+ 800F E=+1100F
:AIR AIR

A: 8.97 :.504
DELTA K B: 7. 57 :. 560

MIN C:

8.00 .661
9.00 .504 .894
10.00 : 567 1. 12
13.00 : 1.23 1.82
16.00 :2.78
20.00 :5.32
25.00 14.3

A: 15.69 . 1.88
DELTA K B: 25.23 :15.0

MAX C:
D:

ROOT MEAN SQUARE 9. 84 17. 19
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

5.3-10

Downloaded from http://www.everyspec.com



. . . *. . .7_77

CONDITION/HT: NICKEL
FORM: YIELD STRENGTH:BS
SPECIMEN TYPE. SENT ULT. STRENGTH-
ORIENTATION SPECIMEN THK: 0.119- 0. 123
STRESS RATIO: *.0. 70 SPECIMEN WIDTH *2. 500" ASTROLO)
FREQUENCY. 30. 00 HZ REFERENCES:PW003OS

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

ENVIRONMENT:~ ENVRONM NT-1100 F.
AIR 1 AIR

10-1 10-1

10 100

11 43 1

-3 1

1 10 10E1

1o 10- 10

-4 -410 101

16 16 10

10- 10-

100

10 63  
-0 

6o

1 42 10- 40 10 10 40 10

o 10 10

1 io" 3 12
22

-4
10o 0~

V10-3 10 E

1010

10 -5 105 ______ _____

1D lo 10-6

1~o- 440 4 0 0 4 0

1i0ur 5.3.3.

1673-1

41.

~-~- -K- --.- ~ - . *' . . -- * -6
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TABLE 5.4.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.4.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCOLOY 901
CONDITION:

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

• A B C D

• E=+ 900F
:AIR

S"A: 14.89 " .779
DELTA K B:
MIN C:

D:

16.00 : 1.00
20.00 : 2.20
25.00 : 4.67
30.00 : 9. 23 .
35.00 • 15.6
40.00 : 24.3
50.00 • 48.7

A: 56.30 " 68.7
DELTA K B:

MAX C:

" ROOT MEAN SQUARE 23. 65
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

- -5-

J. . .
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4#q CONDITION/HT: NICKEL
FORM: YIELD STRENGTH. AS
SPECIMEN TYPE: CT ULT. STRENGTH:

.ORIENTATION- C-R HZSPECIMEN THK: 0. 500W
STRESS RATIO: -. 5SPECIMEN WIDTH: 2. 500NOLO

FREQENCY 2000 H REFRENES:PO03901

AK (MPA Vm/T AK (MPA -,/m)
4 10 40 100 4 10 40 100

ENVIRONMENT:. 0 100 \1 ENVI O8NMENT: I'Ifl
AIR

102 102

10-1 101

3 1_________ _________ 3 _ _______ _________

10 10

> -4 -4

10O 10 E

105 105 z

10 10

10- 10

-7 -7

10 10-

101 1- 1 il ~

1 4 10 40 100 1 4 10 40 100

'' ENVIRONMENT: 100 ENVIRONMENT: 100

1-2 1-2

100- 10

1073 103

-1 10 100

4 -4

s 10- 3oE

10 E0

10 10~

.6 1:-6(S 1~6A 0

@15 5.-
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IAI LL 5.5.3.1

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

DATA ASSOCIATED WITH FIGURE 5.5.3.1 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE INCONEL 600
CONDITION: 1565F . 75HR AC
ENVIRONMENT: R. T. ,AIR

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

A B C D

R--+0. 05

A: 25.33: 2.73
J~s; DELTA K B:

MIN C:

30.00 5.03
35.00 : 10.3
40.00 : 16.7

A: 40.56 : 19.8
* DELTA KB:

MAX C:
D:

ROOT MEAN SQUARE 5. 06
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

lop

5.5-4
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CONDITION/HT: 1585F . 7SHR AC NICKEL
FORM: 1.00"TH PLATE YIELD STRENGTH: 35. 0 KSI BASE
SPECIMEN TYPE: CT ULT. STRENGTH: 94. 3 KSI
ORIENTATION: SPECIMEN THK: 0. 390"
FREQUENCY: 5. 0 HZ SPECIMEN WIDTH: 2. 09" INCONEL
ENVIRONMENT: R. T. .AIR REFERENCES:HDO03 60

AK (MPA &/*) AK (MPA ,/m)
4 10 40 100 4 10 40 100

STRESS RATIO = 1-. 05 STRESS RATIO =

-.. -2 _ __ 10__-- _ 

10
-

10
"  1010.1 10-1

1 
o 2"-

) 10--- 105  -- w
.6 

-4
-.- 105 _010-

c 3

10 10. o --

1 5 5  E

1 a- ---
-06 

1 1 
6

14 0 40 100 1 4 10 40 100

,.,I, 
I ' I'1'1'11I1 I'111'

,-'-STRESS RATIO 1TE0R TI=o0-0 2E 
R0

106
1010.2  10.

3 ______._ _________ 3 __-______ ________ _
So10 - 10

-7

1 44  10 4 10"4 -

,? ... - _ _- _ 1_ - 10

1 0-6 _____10.4_10

.

- 10-

-7: .
1 "- 

- 1 
.

10 
- 101-

1... - 10.6 1 - 0.6

1 4 10 40 10 1 4 10 40 10

A!::ZK (KSI '7) A K (KSI v'Th

Figure 5.5.3.1
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TAijLiL- 5.5.3.2

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

DATA ASSOCIATED WITH FIGURE 5.5.3.2 INDICATING EFFECT

OF STRESS RATIO
-- - - - - - - - - - - -- - - - - - - - - - - - -- - - - - - - - - - - - -
MATERIAL: NICKEL BASE INCONEL 600
CONDITION: 1585F .75iHR AC

-2 ENVIRONMENTr: + BOOF, AIR

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

*A B C D

* R=+0. 05 R=+0. 33 R=+0. 60

A: 16.89 :.630
DELTA K B: 12. 17 :.490

MIN C: 6.90 :.172
D:

7.00 :.176
8.00 :.250
9.00 :.379
10.00 :.547
13. 00 :. 623

16.00 :1.35
20.00 :1.71 3.91
25.00 5.41

A: 27.20 : 9.04
DELTA K B: 20.75 :4.85

MAX C: 12.06 :.816

2 ROOT MEAN SQUARE 7.02 F3.23 7.41
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 1 11
SUMMARY 1.25-2.0
(NP/NA) >';2. 0

5.5-6
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CONDITION/HT: 1585F .75HR AC IC
FORM: 1.00"TH PLATE YIELD STRENGTH: 35. 0 KSI BASE
SPECIMEN TYPE: CT ULT STRENGTH: 94. 3 KSI
ORIENTATION: SPECIMEN THK: 0. 412- 0. 413"
FREQUENCY: 6. 7 HZ SPECIMEN WIDTH: 2. 002- 2. 003" INCONEL

•.ENVIRONMENT- - 8000 F, AIR REFERENCES:H003 600

- AK (MPA %/"m) AK (MPA V'm)

4 10 40 100 4 10 40 100

100
STRESS RATIO = -0. 05 STRESS RATIO io. :33

?._- _ __
2  

1O
2

10 10

10 1 10.1

10-2 
o

1 0 Z.

," 4 -4
010 3 10 13 E

101 00

1 
4 l7 - I

10 .-- 10

.-.- - :--
1 

-6

1 011-5 11 1 0

1 4 10 40 100
"> '"( - I ' I 1 1 1 1 I I 1 '1 1 '1 0

STRESS RATIO= po. 60 10 S. - =STRESS RATIO =10 o

1,- 

1.62

10 _ 10.2

10- 310
-

0 - 10 -
2

01 41 4 >1,

. • % i ,- -- 10 -

3 3

C '% 103 103 E

S0 - - -- 0-6. _-_--__1__ - 10-10

S510.
:F! -_ l - -

10" -- 10. 60 1"0-
-•-7

,I 108 .. L0- 1010 J

168 , I- ~ I 1' 081ll

1 4 10 40 100 1 4 10 40 100

.., LAK (KSI VT/') AK (KSI v'n)

,,,, Figure 5.5.3.2
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T A;iL L 5. 5.3. 3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.5.3.3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE INCONEL 600
CONDITION: 1585F .75HR AC
ENVIRONMENT: +1000F, AIR

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

A B C D

R=+0. 33 R=+0. 50 R=+0. 66

A: 11.70 : 1.02
DELTA K B: 9. 14 :.668

MIN C: 6.43 : 208

7.00: .255
8.00 . 366
9.00 . 512

10. 00 .861 .684
13.00: 1.32 1.73
16.00 2.79 3.53
20.00 6.55

A: 2290. 9. 57
DELTA K B: 16.53 .4. 03

MAX C: 11.40 .941

ROOT MEAN SQUARE 4. 59 4.43 2. 38
PERCENT ERROR

LIFE 0. 0-0,5
PREDICTION 0. 5-0 6
RATIO 0.6-1,25 1b
SUMMARY 1.25-2 0
(NP/NA) . 2 0

5.5-8
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767,7-77-77 777 -- 7.7 . 67-~--- v .. 7, -. -,s

CONDITION/HT. 1585F . 75HR AC NICKEL
FORM: 1. 00"TH PLATE YIELD STRENGTH. 35. 0 KSI BS
SPECIMEN TYPE. CT ULT. STRENGTH. 94. 3 KSI
ORIENTATION: SPECIMEN THK: 0. 410- 0. 413"

FREQUNCY 5.67 HZ SPECIMEN WIDTH. 2. 002- 2. 004" INNE
ENVIRONMENT: -#-10000 F. AIR REFERENCES:HD00360

* ~~K (MPA A/ii K (MPA v/m)
*.4 10 40 100 4 10 40 100

100 ED1 1

10 -2 106

10 10

10. 2 10 2

> .4 .4

c o-3 o-3 E

z 5_ _ _ 5_ _ _

10/ 1 1 4 4-
lo 10. cr

1 0- 1 0-

.7 .7

10 10lo

1 4 10 40 100 1 4 10 40 100

STRESS RATIO= eo. 86 10 STRESS RATIO 100

10- 1 1
10.1 10.1

3 163
-2-2_10 10-

1010-31-

10, 5 lo-5  
-

106 10

or 5
10~ 10.

.7 -7
10o- 10

1076 106
~ L.L.LLLJJ -108 LJL±iL10

1 4 10 40 100 1 4 10 40 100
A LK (KSI ./in &K (KSI in)

Figure 5. 5.3. 3
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1AaL5.5.3.4

FATIGUE CRACK '4ROWTH RATES AT DEFI1NED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.5.3.4 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 600
CONDITION: 158SF 75HR AC

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

A B C D

E=+ 600F E=+ 800F E-=-100OF E=+1200F
AIR AIR AIR AIR

A: 25. 068 4.25
DELTA K B: 22.56 :4.60

FimMIN C: 19.173 4.54

20.00 4.60
25.00 :6.72 11. 1
30.00 11.5 15.2 20.9

A: 31.65 : 17.2
DELTA KB: 32.19: 20.8

MAX C: 32.64 27. 5

-ROOT-MEAN-SQUARE ---- 15.37 ------ 5.2 28 ---- 4. 51 0----- .oo00
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 2 1 2
SUMMARY 1.25-2.0
(NP/NA) >2. 0

5.5-10
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CONDITION/HT: 1585F .75HR AC NICKEL

FORM: 1. 00"TH PLATE YIELD STRENGTH: 35. 0 KSI
SPECIMEN TYPE: CT ULT. STRENGTH: 94. 3 KSI
ORiENTATION SPECIMEN THK- 0. 396 0.402"
STRESS RATIO: -- 0.05 SPECIMEN WIDTH: 1. 997- 2. 001" INCONEL
FREQUENCY 0.67 HZ REFERENCES:H0003 600

-K (MPA V'm) &K (MPA 'V-)
4 10 40 100 4 10 40 100

ENVIRONMENT: 5600 F. 100 - ENVIR ONMENT: 800 F.
AIR AIR

12 1 _ _ -2_ _
10 -10

10
2  10-1

1 - -o--2 -2
10 10

C.) u
>1 -64 -4

" 1 10 3  Ez -5
_o _6 z... V 10 10 i0- 0- rt

cc" 3 _ 0
4  - 10

4

, =1 -6 _ -1 -6 -- _______ _______ _

10- 10.

:- .. 10.6 16 6 -

1010
... _ _:, - _ - _

1 _ 6 - _ 6

-" ,10" I i l iIII 1 ... Ij I ± Lil i -- 10-8  I I i liL 1JIit , Jl.iJ --

1 4 10 40 100 1 4 10 40 100
"'-' -_ I ' 1'1'1'1 I ' 1 .1 1 .-. ( ) - I ' ' 'll ' ' ' ' '

" ENVIRONMENT: -1 0 F. 100 ENVIRONMENT: -1 20 F. - 10
AIR AIR

-,2 62- -2
10 1 o

3 10-3

1..._ - _ 10O2 -o __lO _
110

4 -... C- _)

s 10- 0 10 >

_-.,_ _- - .
70 lo 10 z 04 -

-4 
4 o

0 - 10-

-6 -_ _____-_ 0

10 10
167~

... _ -- 10.6 10.6

10-8I I. li - 10-8  I 1 l1 l , -
1 4 10 40 100 1 4 10 40 100

AK (KSI V/T'n) AK (KSI in)h

Figure 5.5.3.4
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f ~AbLk 5. 5.3. 5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.5.3.5 INDICATING EFFECT

OF FREQUENCY

MATERIAL: NICKEL BASE INCONEL 600
CONDITION: 1585F .75HR AC

* . ENVIRONMENT: +1000F.AIR

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

A B C D

F(HZ)= 0.001 F(HZ)= 0.07 F(HZ)= 6.67

A:
DELTA K B: 20.04 6.75
MIN C: 16 50 1. 55

D:

20.00 .3.65

25.00 12.8 11.6
30.00 :24.1 22.9

A:
DELTA K B3: 32. 54 :30. 6

* MAX C: 30.56 :23. 9

D:

ROOT MEAN SQUARE 0.00 3.86 7.59
PERCENT ERROR

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

* RATIO 0.8-1.2511

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

5.5-12
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CONDITION/HT: 15e5F . 75HR AC NICKEL
FORM: 1.00"TH PLATE YIELD STRENGTH: 35. 0 KSI BASE
SPECIMEN TYPE CT ULT, STRENGTH: 94. 3 KSI
ORIENTATION: SPECIMEN THK: 0. 412- 0. 420"
_ -,,.-, STRESS RATIO: +0. 05 SPECIMEN WIDTH: 2. 002- 2. 004" INCONEL
ENVIRONMENT: +10000 F. AIR REFERENCES:HDOO3

AK (MPA /T) AK (MPA -\/-)
4 10 40 100 4 10 40 100( )~~~~ I I I I,,, I I I',' -I I T I ,I~~~ ,!ll-

-FREQUENCY (Hz) 0.001 FREQUENCY (Hz) 0.07
162 -2

10- 110

102 10?

S0. -- 10 -

lo 10 10-2

1- 0' 10

E

106 1"O _ - _ 1 
. - __ __ _10

.
__ __ __ __ __z 5 5

o10 10.4 4

.10.7  0 10- 1106

i-' 0 ,8 I I i,, I t I I I 0 8  I , I II w UI I L I
'--"1 4 10 40 10 10 4 10 40 10

0 10'~"

""•"FREQUENCY (Hz) = .687 10 FREQUENCY (Hz) ="-102_ -

010

- 10- 10

1 04 - _
102 1 2

1 0 1 0 _

S10 1-f -_ 1 0 .  __ 1 0 .  2-

* - - _ _ _ _ _ - _ _ _ _E__ _ _

10.1- 10

u 010 1
0 -0 3

110 10

.- .10 8 I 10 I ,I , I I, - 10 .8 , I , I .I .. L .L .1 LLI , -
1 4 10 40 10 1 4 10 40 1O0

:.',. ""AK (KS) /T ) AK (KSI ' )h

F ig~ure 3.5 L) 1_0-
%~~~~~~~ nK (K 3 1) K( n

.-... .. ... . . .. .- . - . > .F. . 1. . , . .. . .. . .. r. . . . . .. .. . - ',. .. . .
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IAbLL 5.5.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED W.'TH FIGURE 5.5.3.6 INDICATING EFFECT

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

MATERIAL: NICKEL BASE INCONEL 600
CONDITION: 1585F 75HR AC, 100OF 181 800HRS

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

*A B C D

* E=+1000F
AIR

A: 18.57 :4.68
DELTA K B:

MIN C:

D:

20.00 : 4.81
25.00 13.2
30. 00 : 24.3

A: 30.70 : 30.5
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 12. 33
PERCENT ERROR

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

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

5.5-14
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CONDITION/HT: 1585F .75HR AC. 100OF 18.800HRSNICE
FORM: 1. 00 "TH PLATE YIELD STRENGTH:BS
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION SPECIMEN THK: 0. 3986
STRESS RATIO. +-0. 05 SPECIMEN WIDTH. 2. 001" NOE
FREQUENCY: 0.567 HZ REFERENCES:HD003INNL

500

AK (MPA -V/MT &K (MPA -\/Mh)
4 10 40 100 4 10 40 100

ENVIRONMENT: 100 F, 100 ENVIRONMENT:
AIR

1-2 1-2 ______ __

10- - 10

10 10.1

-2-2

010-10 10

1 10 E 6

10 10

-65 -65 _ _ _ _ _

10 -10

10 - 0 10- CZ

106 1 o

10 - 10

10. 10.1

10- -0

10 -2 10-2

016 40

01010
10o 1 0 3E

5 10

10 10 -_ _ _ _

'm 10 - 00

10.6 10

108 1 4 1 0 40l 100116 1 4 10 40 100LLI

AK (KSI 7n) A K (K SI /') 
Figure 5.5. 3.6
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TfdbLE 5. 5.3. 7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* . DATA ASSOCIATED WITH FIGURE 5.5.3.7 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 600
CONDITION: 1585F 75HR AC, 120OF 14, SOOHRS

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

A B C D

E=i-1200F
AIR

A: 14.24 : 4. 17
DELTA K B:
MIN C:

16.00 : 7.87
20.00 : 18. 3

A: 23.73 : 37.6
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 5. 92
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

a.5.5-16
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CONDITION/HT: 1585F 75HR AC. 120OF 14. 500HRS NIC
FORM: 1. 00"TH PLATE YIELD STRENGTH: BASE
SPECIMEN TYPE: CT ULT. STRENGTH
ORIENTATION SPECIMEN THK: 0. 482"

.-.STRESS RATIO: -s-0. 05 SPECIMEN WIDTH: 2. 005" INCONEL
."'FREQUENCY: . 67 HZ REFERENCES:HD003 Bo

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

ENVIRONMENT: .12 0 - E ONMENT:
AIR 1

1-2 
-2 L________ ________

"10 - 10

10' 10

1-2 _0

10- 10

16 16 u
c 10 . 3  10 .3 E

z 0 _
5 -  

_r_--o - z
.1010--- i0. 4  -10 4

" 0-r0-

10 - 5  10-

S010 10-

18 -8 -
4 10 40 100 1 4 10 40 100

ENVIRONMENT: 100 ENVIRONMENT: 10o

1 2 1-210 _ 10 _
101 10

S _ - 102 -2 _

a,10 Z,

C.) 16 16 )-'_ 10 - _--_ _

-3 - 1 - 3 E
0 101 5

-:::: -_ 10 _o_ 10 4 "
P --- -- "0 - 10 _

* ;!:i07 --- 1 -7 -

110 10-

10-6 1 0- 6

" 108 - 18 F
1 4 10 40 100 1 4 10 40 100

AK (KSI VTn) AK (KSI v n)

Figure 5.5.3.7
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rAIS~L- 5. 6.3. 1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.6.3.1 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL B3ASE INCONEL 625
CONDITION: MA
ENVIRONMENT: R. T. , AIR

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

A B C D

R=+0. 05

A: 18.93 1.71
DELTA K B:

MIN C:
D:

20. 00 2. 07
-~25.00 ~ 4.35

3000: 8.25
* 35.00 :15. 4

A: '37.87 22.2
DELTA K B:

PMAX C:
D:

ROOT MEAN SQUARE 3. 21
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0.5-0.8
RATIO 0. 6-1. 2rl5 1
SUMMARY 1. 25-2 0)

* (NP/NA) 2.0

*1 5.6-2
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CONDITION/HT: MA [ICKELJ
FORM: 1. 00"TH PLATE YIELD STRENGTH: 65.9 KSI BASE
SPECIMEN TYPE: CT ULT. STRENGTH: 132. 9 KSI
ORIENTATION: SPECIMEN THK: 0. 295
FREQUENCY: 10.00 HZ SPECIMEN WIDTH: 1. 153" INCONEL

.ENVIRONMENT: R. T.. AIR REFERENCES:H000562

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

10o
STRESS RATIO= -40. 05 STRESS RATIO

10- 103
10 10-2

olO -110

100

100 10 50

10 - 10

C--7
10 10Iu-

10lo

lo-o

103 10
"7 -2

1~~1 10 2 0 _ _ _ _ _ __ _ _ _ _ _

1) 16 1

5-3
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TAU3LL 5. 6.3. 2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.6.3.2 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 625
CONDITION: MA

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

A B C D

. E= R. T.
LAB AIR-10HZ

A: 20.25 : 3.01
DELTA K B:

MIN C:

25.00 7.20
30.00 14.3
35.00 25.1
40. 00 40. B

A: 49.76 . 94.8
DELTA K B:

MAX C:

ROOT MEAN SQUARE 5. 17
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 83
RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) 2

5.6-4
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CONDITION/HT: MA tITTVF
FORM: 1. 00"TH PLATE YIELD STRENGTH: 65. 9 K<S I IBS
SPECIMEN TYPE: CT ULT. STRENGTH. 132. 9 KSI
ORIENTATION- SPECIMEN THK:. 0. 443'
STRESS RATIO: -. 05SPECIMEN WIDTH. 2. 002"ICOE

'FREQUENCY: REFERENCES: H000562

&K (MP A V~m) &K (MPA
4 10 40 100 4 10 40 100

%___1_ 1 1 I TillI' 1 11 1 1 1 1 1111
ENVIRONMENT: R. T. . 100 VW ENVIRONMENT:
LAB AIR-10HZ

10 -101 10 10"

1oF3  163 -
-2

-10'. 10 ~

c 3 E
z~~l 10 E__ _-1

7010- 0
cu i 4  'a~

10- -- 10

10- __ _ _0___-1

-8 1 6 106
10 1

1 4 10 40 1004 10 0 10

© ENVIRONMENT: 10 @ E NVIRONMENT. 100

-62 
-62

10 101

103 
1013

100 21

4 --4

~ _ _ _ _ -10-

c10- 10- E
E

z 5~ -50~-
S10 1

10 100-41

5 5
10- 10.

-7 -7
10 ~~10 __ _ _ _-

1 06 06

*1 8 0 0-
1 4 10 40 100 1 4 10 40 100

&K (KSI V'm) &K (KSI inT )
Figure 5.6.3.2
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-4--.x

... FI .U.L 5.0. 3.

• "FATICUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTR

DATA ASSOCIATED WITH FIGURE .h. .INDICATING EFFECT

.- ENVINONMEN1

MATERIAL: NICKEL BASE INCONEL 625

,* CONDITION: MA
---------------------------------------------------------------------------------------

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

A B C D

E=+ 600F E=+ 800F E=+I1000F E=+1200F
:." AIR AIR AIR AIR

A: 20. 70 6.81
DELTA K B: 16.88 4. 19

MIN C: 15.46 5. 59

D: 13. 75 4.52

t." 16. 00 5.87 7.50

20.00 7.00 9.68 16.0
25.00 12. 5 18.3 20.0 40.3

30.00 26.5 30.3 38.1

35.00 56.2 62.6

A: 35.47 • 60.3

DELTA K B: 34.08 : 55.2
MAX C: 35.43 64.8

D: 26.80 : 49.1

ROOT MEAN SQUARE 4.72 7.54 5.17 4.35

- 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

@1 5.6-6
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CONDITION/HT: MA NICKEL

; FORM 1. 00"TH PLATE YIELD STRENGTH: 65.9 KSI BASE
SPECIMEN TYPE: CT ULT. STRENGTH: 132. 9 KSI
ORIENTATION SPECIMEN THK: 0. 299'
STRESS RATIO: -0. 05 SPECIMEN WIDTH: 1. 153- 1. 154" INCONEL
FREQUENCY: 0. 7 HZ REFERENCES:HDO05," 625

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

ENVIRONMENT: 6 F - 100 '/ ENVIRONMENT:- 800 F.
AIR AIR

162 1 2
1 100

-102 -102

10" 3 10-()-E

. -4 -45-
lO- . - 10 -

10o"o -4 4~-

cv10 ______ 1 0 10"  ____ -/0 "4 22
10-s 10

0 10-1

1 0 17-
10 -6 10 -6

10-  1 I I I III t .............. j... I .j.~ -1 10-8 1 ~ I iiI 40 10

4 10 40 100 1 4 10 40 100

ENVIRONMENT: 10 ENVIRONMENT: +1200 F. 100
AIR AIR

100 100
101 10 -1

, 4 -4.1
u 10- -

S1 10 -

z -5 -# o
100 z0

1 10 10- 4 v

S010 10

1017 -10 -

10-I - 10.106 1 0

-8 _ _ _ _ ____lo_1 4 10 40 100 1 4 10 40 100

AK (KSI vl'n) AK (KS I in) :

Fi"l: urc 5.6.3. 3

'. 6-7

:i. .: ..,.,. .-_..:. - . . .- ... ,.......-.,..,v .,...............,. ..:., .-,.., 5 <- : : -::.::.:::;:::
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* TABE3L 5.6.3.4

- - FATIGUE CRACK GROWTH RATES AT DEFI1NED LEVELS

OF STRESS INTENSITY FACTOR

- . DATA ASSOCIATED WITH FIGURE 5.6.3.4 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 625
CONDITION: MA

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

(KSI*IN**I/2)
AB c D

. E=+ 600F E=+ 800F E=+1000F E=+1200F
:AIR AIR AIR AIR

A: 17.31 : 1.69
DELTA K B: 19. 54 :4. 13
MIN C: 17.8 :? 7. 23

D: 14. 04 :6.78

16.00 :9. 17
.0.00 : 2.98 4.55 9.05 16. 5
25.00 : 7. 55 10.7 15.6 30.7
30. 00 : 15. 9 21.0 26.9 504
35.00 : 33.6 38.3 46.6 74.1
40.00 : 63.7 67.0 60.6

A: 46.44 : 113.
DELTA K B: 44.02 :103.

MAX C: 43.39 :117.
D: 38.90 :93.8

ROOT MEAN SQUARE 6. 43 3. 83 3. 21 2. 39
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0.8

RATIO 0.8-1.25 2 1 11
SUMMARY 1.25-2.0
(NP/NA) >;2.0

5.6-8
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CONDITION/HT: MA NCE
FORM: 1. 00"TH PLATE YIELD STRENGTH: 65. 9 KSI IBS

0. SPECIMEN TYPE: CT ULT. STRENGTH: 132. 9 KSI
ORIENTATION- SPECIMEN THK: 0. 443- 0. 445"'
STRESS RATIO: -- 0. 05 SPECIMEN WIDTH: 2. 000- 2. 002" INNE
FREQUENCY: 0. 67 HZ REFERENCES: HDO05 625NE

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

*ENVIRONMENT:+ 600 F. 10 @ -E 80F
AIR 62 -AIR

1 00 -1 1 0-

10. 1073

-2 1210 1 0 Z

10 106-

10 10E

lo~ 10-

10' 1010

10~ 10o

10-6 10-6

1 4 10 40 100 1 4 10 40 100
I~l~T F 0 © I IFI1T11© ENIROMENT'-100 F 10ENVIRONMENT: -- 1200 F. 100

-AIR AIR
162-2

1020
10__ __ _ Z- 10-

101 100

-3
s 10 10- E
z E

1051,5 _ _ _ _ _ IIi
* 10 - 10

105

10-7

10 10 - 1

16 16 106

- 1 4 10 40 100 1 4 10 40 100

* AK (KSI A K (KSI in)h
Figure 5. 6.3. 4
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-~~~ 7. [A*LI. 5 3. 1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.1 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE INCONEL 718

CONDITION: 1315F 8HRS, FC TO 115OF
ENVIRONMENI: k. T. L. H. A.

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

A B C D

R= -. 083 R=+0. 50

A: 1535 .300
DELTA K B: 17.63 1.40

MIN C:

16.00 .462
20.00 1. 13 2. 17
25.00 2.31 4.27
30.00 4.22 7.07
3500* 6.76 109
40.00 9. 66 16. 1
50.00 19. 0 34. 0

-s60.00 71.4
70.00 152.
80.00 329.

A 5 4.42 27. 2
DELTA KB: 6946 689.

MAX C:
D:

ROOT MEAN SQUARE 6.41 11.64
PERCENT ERROR

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

RATIO O.R-i 25 31
SUMMARY 1. 25-20
(NP/NA) 2.0

* 5. 7-22
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CONDITION/HT: 1325F BHRS. FC TO 1150F NICKEL
FORM. 4.00'TH FORGING YIELD STRENGTH.6.0 KSI BASE
SPECIMEN TYPE. CT ULT. STRENGTH: 199. 0 KSI
ORIENTATION. L-T SPECIMEN THK: 0. 540- 0. 550"
FREQUENCY: 6.00 HZ SPECIMEN WIDTH. 7. 400" INCONEL
ENVIRONMENT: R. T..* L. H. A. REFERENCES:ee579 718

&K (MPA x/i)AK (MPA N/Th)
Z-.-4 10 40 100 4 10 40 100

I I I ''I 'II 00 'I '! 1111

STRESS RATIO = --0. 08 STRESS RATIO= +0. 50

162 ld2

101 10. 1

~> 0~- 12 - i 2

10 10
44.

10 10 rU

C10- 10' 3

lo~ 10 10 i-~ 1 0

10- 0

STES ATO100 TRS 100

107
1010-

-22 -2 _

10 10-2
U 4 Q

.3c10 10- E
E

lo1~ 10~ -

o4  107

10- -10

10 106

1 4 10 40 100 1 4 10 40 100
AK (KSI vin) AK (KSI ~T

Figure 5.7.3.1

5.7-23
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77.

TAibLL 5.7.3.2

FATIGUE CRACK GFROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA P&SSOCIATED WITH FIGURE INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE INCONEL 716
CONDITION: 1325F 6HRs. FO TO 115OF
ENVIRONMENT: r?.T. , L.H. A.

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

A B C D

R=+0. 08

A 21. 31 : 1.56
DELTA K B:

MIN C:
D:

25.00 2.77
30.00 5.09

- .35.00 6.66
40.00 : 14.3
50. 00 :3
60.00 590
70.00 : 107.
80. 00 204.

A: 86.24 790.
DELTA K B:

MAX C:

ROOT MEAN SQUARE 8. 94
PERCENT ERROR

-'-LIFE 0.0-0 5
PREDICTION 0. 5-0. 6
RATIO 0.8-1 25 1
SUMMARY I .2 5- 2. 0
(NP/NA) >. 2 0

le

5. 7-24
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CONDITION/HT 1325F 8HRS. FC TO 1150F NICKEL
FORM. 4.00"TH FORGING YIELD STRENGTH 166. 0 KSI BASE

ORIENTATION: T-L SPECIMEN THK: 0. 5101"

.FREQUENCY 6. 00 HZ SPECIMEN WIDTH 6. 010 INCONEL
-.'-.'ENVIRONMENT: R. T. . L. H. A. REFERENCES:88579--. : - .718

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

STRESS RATIO -0. 08 STRESS RATIO

10 
102

10 1  
101

1- 0- - io-3
10-2

_, 104 10 -

u 4u-10 - 10_
C l-3 3 E

1U 10 E

Z: __ ___ _ 10
. o - - 10

4

100 lo- m

-6-6__ 10
.5  

._ __ 10
,5

10- - 10

10- 10.6

10-6 6

0I I l - 10-8  I iI I I t I ,1_11 --
1 4 10 40 100 1 4 10 40 100©~ I FrFTVT - ThTW 11rVI

STRESS RATIO 10 STRESS RATIO = 10o

1 2 
_ 12

110
101 10

-6 _ _ __ _ __ __ _ __ _ - 10 -
*" 1

.4  - 2 20 -
-- 10 10

1o5 - -o- -
1-3

10 10-3 E
z 5 _ _ _ 5__ _ 1~

lo 10 1

10 - 10-

16 10-6'.. ._10 10
,

10.8 I1..I. .II,I .. I bII, -- 10 8 I . I . I. I, I i I I I
1 4 10 40 100 1 4 10 40 100

AK (KSI v*Tn) AK (KSI /TF)
Figure 5.7.3.2

e57e5

.. ~ .
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TAI3LL 5. 7.3. 3

FATICUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.3 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL DASE INCONEL 718

CONDITION: 1750F AC, 1325 F BHR FC TO 1150F, HELD 18HR AC

DELTA K :DA/DN (10**-6 IN. /CYCLE)
(KSI*IN*9*1/2)

A B C D

E= R.r.
AIR

A: 14. 22 :.612
DELTA K B:

MIN C:

16.00 .975
20.00 1.96
C-5.00 3.39

300. C 5. 13
35.00 : 7.46
40.00 : 10.8

A: 47.95 20.1
-* DELTAKE.:

MAX C:
D:

ROOT MEAN B3GUARE 3. 66
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

5. 7 -26
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CONDITION/HT: 1750F AC. 1325F BH-R FC TO 1150F. HELD 18HR AC NCEI. FORM 0.06"TH SHEET YIELD STRENGTH: 174. 0 KSI AS
SPECIMEN TYPE: CCP ULT STRENGTH: 204. 1 KSI
ORIENTATION SPECIMEN THK: 0. 061
STRESS RATIO: -+0. 05 SPECIMEN WIDTH: 1. 994NONE
FREQUENCY: 5.00 HZ REFERENCES: HDO 1771

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

ENIOMN:R' 10 ENV I ONMENT:
AIR

102 102

10 102

2 02
10 1

>4 4 -

10 10i 3  10~ 3

zz
-u-10 -~ 10'~ -

4 10-4'o1 10

-6
-o6 __ _ _ _ _ _10

10 10

10 6  
1 0 ,0* 10iii I _10

1 4 10 40 100 1 4 10 40 100
I T- I'' I I F II il - 111T1 1 1 I l ' fTill

-. ENVIRONMENT: 100 ENVIRONMENT:1

162 1d i2

10~ 10

i 3  3 _ _ _ _ _ _ _ _ _ _

10 100i

101 - 10

E 10 100 0~

z 10

' 10 1

10~ 10

10 1 0'

1 06 10

1 4 10 40 101 4 10 40 10
ZAK (KSI in K (KS! IM
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I~L5. 7.3. 4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.4 INDICATING EFFECT

OF ENVIRONMENT

-MATERIAL: NICKEL BASE - --INCONEL - -718- - - - - - - - - - - - - - - - --
* CONDITION: 1750F AC, 1325F 8HR FC TO 1150F, HELD 18HR AC

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

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

E=+ 600F E=+ 80OF E=+1000F
AIR AIR AIR

A: 18.40 1. 51
DELTA K B: 19.39 2.06

MIN C: 23.42 10.8
D:

20.00 1.91 2.24
25.00 3.50 3.95 12. 3
30.00 5.72 6.35 17.9
35.00 8.86 9.71 23.7

*40.00 13.3 14.4 28.4
90.00 28.4 30.6

A: 57. 54 49. 4
DELTA K B: 57.84 53.8

MAX C: 40.06 28.5
D:

ROOT MEAN SQUARE 3. 58 4. 18 3. 30
PERCENT ERROR

LIFE 0.0-0. 5

PRDCIN 0 .-RATIO 0. 8-1. 25 1 1 1
SUMMARY 1.25-2. 0

* (NP/NA) 7:.0
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CONDITION/HT: 1750F AC. 1325F 8HR FC TO 1150F. HELD lBHR AC NCE
* FORM 0. 06"TH SHEET YIELD STRENGTH: 174. 0 KSI BS

SPECIMEN TYPE: CCP ULT. STRENGTH: 204. 1 KSI
ORIENTATION SPECIMEN THK: 0. 051
STRESS RATIO. - 0 0 5 H SPECIMEN WIDTH: 1. 995- 2. 000ICOE
FREQUENCY. 6.7 HZREFERENCES H0017 718

&K (MPA &/) K (MPA -\/M

4 10 40 100 4 10 40 100

® ENVIRONMENT: @-6 ENVIRONMENT 8 00 F.
AIR -AIR

1 2 ld________ 2

10 101

100 1O

10~ i10
100 10

10 10 10 10

*10 10 z

6 /--1- 0 10

10~ 10

10 10o-
10 1

-10-8 1111 1111 - 10-
1 4 10 40 100 1 4 10 40 100

ANIRONET -10 0 100 ENVIRONMENT. 10

10 10

10 10~

102 10Q)

u' 10 -10 -_ _ _ _ _ _ _ _ _ _

10 10
z

101 z

-D 10 100"

10 -10.

10 (

10' 10 _ _ _

10

io ~ ~ ~ 1 0 40' 1001 4 % Q '0

A K (K SI mAK K0)
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L~L-5...

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

DATA ASSOCIATED WITH FIGURE 5.7.3.5 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL EASE INCONEL 716
CONDITION: 1750F AC, 1325 F 6HR FC TO 1150F, HELD 18HR AC

ENVIRONMENT: F?.7. , LAB AIR

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

*A B C D

* R=+0. 05

A: 14.19 :.438
* DELTA K B

MIN C:
D:

16. 00 .754
210.00 :1.77
25.00 : 3.72
30.00 : 6.69
35.00 11.2
40.00 : 18. 0
5 000: 4A.1I

A. 56B 211 e 9. 9
DELTA K B:

MAX c:
D

ROOT MEAN SG~UARE 4. 68
91 PERCENT ERROR

LIFE 0.0-0 5
PREDICTION 0. 5-0 8
RATIO 0. 8-1. 25 1
SUMMARY 1. 25-2. 0

6 (NP/NA) 2.0
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*CONDITION/HT: 1750F AC. 1325F 8HR FC TO 1150F. HELD 19HR AC NICKEL
FORM: 0. 50"TH PLATE YIELD STRENGTH: 156. 4 KSI BASE
SPECIMEN TYPE: CT ULT. STRENGTH: 200. 7 KSI

- - ORIENTATION: SPECIMEN THK: 0. 495"
FREQUENCY: 10.00 HZ SPECIMEN WIDTH: 1. 998" INCONEL
ENVIRONMENT: R. T. *LAB AIR REEECSH07718

4 10 40 100 4 10 40 100

STRESS RATIO = +0. 05 - 0STRESS RATI Ili 1.

100- 10-1

10 - 0 10

1 4 5  40

101 10___ _ __-1

11 107 10.

1~1 44 104 40 101 4 0 4 0

10- 5 10-

101 100-

10 10
16, 1 1071 10 1 -L I I

1) -4 104 004 1 4 0

1- 10 2C

1010-1 io 1

1V F 11o l3
-6 -61- 10,

10o1-s 10-3E
E

0 - 10,
m 10-4 1 )

Figure' 5...
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SI'Ai8LE 5. 7. 3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.6 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE INCONEL 718
CONDITION: 1750F AC, 1325 F 8HRS, FC TO 1150F, HELD 1BHRS AC
ENVIRONMENT: +1000F, AIR

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

A B C D

R=+0. 05 R=+0.33 R=+0. 50

A: 12.91 :.693
DELTA K B: 10.17 :.471

MIN C: 9. 19 : 615

D: 10.00 : 770

13.00 :.717 1. 16 1.72
16.00 : 1.77 2. 17 3. 38
20.00 3. 23 4.06 6.48

4.25.00: 5.55 7. c~l 10.9
30.00 : 10.6 14.9
35.00 : 20.1
40.00 : 32.9

A: 44.45 : 43.3
DELTA KB: 31.81 :18.8

MAX C: 25.88 11.7
D:

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

ROOT MEAN SQUARE 4. 84 6. 03 4. 04
PERCENT ERROR

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

RATIO 0.8-1.2.9 1 1 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

5.7-32
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CONDITION/HT: 175OF AC. 1325F 8HRS. FC TO 1150F, HELD 18HRS AC NCE
FORM: 0.50"TH PLATE YIELD STRENGTH: 150. 5 KSI IBS
SPECIMEN TYPE. CT ULT. STRENGTH: 191. 3 KSI
ORIENTATION: SPECIMEN THK: 0. 2919- 0. 299"

v... -FREQUENCY: 8.87 HZ SPECIMENWIDTH: 1.151- 1.152" ICOE
'~ENVIRONMENT: -10000 F. AIR REFERENCES:H0015 716NE

AK (MPA N/'ii &K (MPA V/~i)
4 10 40 100 4 10 40 100

STRESS RATIO = -HL 05 100 @ STRESS RATIO 4.0 99 3

10 ___ ___ __ 
10-1___ -1

1103 103

io3
- 102 0 10-2

ZZ

10 01010

10 0-6 10,

- 10'
10 106 10 1

10-2 1 102

>.~o7 -4-5__-1

7 10
10-6 10- E

z I_ _I iaI__ _1_1 7 1078 1 1z11
11 -4 104 004 1 4 0

16 10 2

101i-1 10-1

1 63 1 F

1 440 4 0

53310 1 '.....................................E-
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TAB~iLL 5. 7.3. 7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.7 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 716

CONDITION: 1750F AC, 1325F 8HRS, FC TO 1150F, HELD I8HRS,AC

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

A B3 C D

. E=4- 600F E=-+1000F E=+10O0F
:AIR1 .67HZ AIR,.OOIHZ AIR,.06HZ

A: 14.29 : 386
*DELTA KB:
*MIN C: 15.63 :2.11

D:

16.00 :.549 2.27

20.00 : 1.23 4.90
25.00 : 3.03 10.3
30.00 : 6.43 17.2
35.00 : 11.9

A: 39.06 183.0
DELTA K B:

MAX C: 34.70 :23.2
D:

ROOT MEAN SQUARE 5. 47 0. 00 3.25
PERCENT ERROR

LIFE 0. 0-0. 5
* PREDICTION 0. 5-0.86

RATIO 0.8-1.25 1 1
SUMMARY 1.25-2.0
(NP/NA) 112.0

-7- *J4
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CONDITION/HT: 175SF AC. 1325F 8HRS. FC TO 1150F. HELD 18HRS.AC NICKEL
FORM: 0. 50"TH PLATE YIELD STRENGTH: 150. 5 KSI BASE
SPECIMEN TYPE: CT ULT. STRENGTH: 191.3 KSI
ORIENTATION SPECIMEN THK: 0. 299- 0. 300"
STRESS RATIO: -0. 05 SPECIMEN WIDTH: 1. 151- 1. 152" INCONEL
FREQUENCY: REFERENCES:HO015., 718 .

AK (MPA'm) AK (MPA v/- )
4 10 40 100 4 10 40 100

'I'1 1' ' NONMENT:-10 F
ENVIRONMENT: 0 0 A.IRM.001z

AIR. . 57HZ AIRoO01HZ

10-  10

10-2 10.12
-- _ __ __ - 10-

10-2 1012

10

16 1

10
. _ 10_3

107, - 106
2

-i -- ,o- - -

Z 1- 41 10 100 0

= I 1_ p11. __ 10. 4

1 6 1-6
101 10

-2 -2
-- 0 10 .

,10 10I ,1 -

1 4 10 40 100 4 10 400

© .AR.. 5HZ -alp1Z15

10 - 10

10.1 10.-

-- -
-

10
3 1_ 10_

16 10 -1 0... -

_ 10 10 3 "E
1 E

CU 4

10 -- 10 -

107
m1-7 -

10 . 
__ _ __ _10___ _ __ _

6
-1

i .8., 1 4 10 40 10O0 110 4 10 40 10 0 6

K (KSI V/'n) A K (KSI .,/T )

7 , Figure 5.7.3.7
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*.....7

TAiBLL 5.7.3.8

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DAiA ASSOCIATED WITH FIGURE 5.7.3.8 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 718
CONDITION: 1750F AC, 1325F 8HR FC TO 1150F, HELD

ISHR AC

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

*A B C D

* E=* 600F E=+ 800F E=+1000F E=+1200F
:AIR AIR AIR AIR

A: 14.43 :.743
DELTA K B: 16.56 :1.49

'.MIN C: 13.60 :1.44
D: 16.93 .1

.~. *16.00 :1.06 2.33
20.00 : 2.33 3.29 5.01 17.5
25.00 :5.1is 7.87 11.2 32.8

-y.30.00 : 9.97 15.0 20.9 52.4
35. 00 : 17. 3 2.233. 5731

40.00 : 27.6 34.7 47.0
50.00 : 58.8

A: 57.98 : 95.2
DELTA K B: 44.06 :43.5

MAX C: 41.58 51. 1
D: 35.62 :756

ROOT MEAN SQUARE 5. 71 7. 22 2. 95 4.081
PERCENT ERROR

LIFE 0.0-0.5
6 % PREDICTION 0.5-0.8

RATIO 0.8-1.25 1111
SUMMARY 1.25-2.0
(NP/NA) >2. 0

5.7-36
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CONDITION/HT: 1750F AC. 1325F BHR FC TO 1150F. HELD 18HR AC NICKEL
* FORM: 0. 50"TH PLATE YIELD STRENGTH: 158. 4 KS! BASE

SPECIMEN TYPE: CT ULT. STRENGTH: 200. 7 KSI
ORIENTATION SPECIMEN THK: 0. 495- 0. 497',
STRESS RATIO: -o0. 05 SPECIMEN WIDTH: 1. 997- 1. 999 ICOE

*, .FREQUENCY: 0.87 HZ REFRECE:HDI771

AK (MPA &~ K (MPA ~~
4 10 40 100 4 10 40 100

11,1 10 ENI ONENI 80I F
ENVIRONMENT: 16 4V 10 @0N NEN 0 F

AIR AIR

100- 10-

-0. 10-2

40~ - 1164~- 1

Ui0O 10-
E

: i -5 1075

101

1010-

10.6 10.6

1 4 10 40 100 1 4 10 40 100

-ENVIRONMENT: +-16iw0 f* 100 ENVIRONMENT: .120 0 F. 100

12-AIR 
12-AIR

10 - 010
10. 10.1

10-3 o0273
2

2) 2

z 1010

z

4 A.

* 06 10'

5 5____ 5

'D11-7 10
10-

-810-6 10. 6

108 101 1. 1 1111 1 1 1 1 0ll
14 10 40 100 1 4 i0 40 100

Figure 5.7.3.8 ~ KIV
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TAI3Lk 5.7.3.9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.9 INDICATING EFFECT

OF STRESS RATIO

-. MATERIAL: NICKEL BASE INCONEL 718
*.~ CONDITION: 1750F AC, 1325 F BHRS, FC TO 1150F, HELD I8HRS AC

ENVIRONMENT': + 8OOF, AIR
----------------------------------------------------------------

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

A B CD

. R=+0. 33 Rm+0. so
A: 10. 62 .499

DELTA K B: 7.32 : 147
MIN C:

*1D:

8.00 :. 220
* 9.00: .362

10.00 :.548
13.00 :1.00 1. 39
16.00 : 2.08 2.68
20.00 : 4.40 5. 14
25.00 8 .86

A: 29. 34 : 14. 1
S DELTA K B: 23.56: 8.10

MAX C:

ROOT MEAN SQUARE 3.862 5. 67
PERCENT ERROR

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

RATIO 0.8-1.25 11
SUMMARY 1.25-2.0
(NP/NA) ;2. 0

5.7-38

Downloaded from http://www.everyspec.com



_7T17 7%776%77I
14 CONDITION/HT: 175SF AC. 1325F eHRS. FC TO 1150F. HELD 18HRS AC NICKEL

SPECIMEN TYPE: CT ULT. STRENGTH: 191. 3 KSII Z
ORIENTATION: L-T SPECIMEN THK. 0. 477- 0. 47612"
FREQUENCY: 5.67 HZ SPECIMEN WIDTH: 1. 996" NCONEL

-'.'ENVIRONMENT: - 800w F. AIR REFERENCES:H0015 718

AK (MPA .'/m) AK (MPA V/-i)
L4 10 40 100 4 10 40 100

STRESS RATIO = -0. 33 10 %l STRESS RATIO = l-0. 50

10. 10.1
10

10-1

10)

4 -4

~~10 100
E

__ __ -6 5___

-6

10 10-

10.6 10-

1TES0AIO 0
-2. 6________ ________ ________

10 10

107 100 10

1- 10 10 41001 4 10 4 0

-22 -22

110-1

10 10E
4- 4

Z ___ ____ __ 15 10E- 100 -3

z1 5

10 10- cr
1 ~-6 1-6

1007 40 10110....L...i.~

1 4 1 40 101 4 10 40 100
AK (KSI vr'Th AK (KSI vr/Tn)

Figure 5.7.3.9
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TA3Lk 5. 7.3. 10

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.10 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE INCONEL 718
CONDITION: 1750F AC, 1325 F 8HRS, FC TO 1150Fo HELD 18HRS AC
ENVIRONMENT: +1000F, AIR

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

00,A B C D

S....* : R=+0. 67

A: 7.74 :.523
DELTA K B:

MIN C:

8.00 : 585
9. 00 :. 855
10.00 1. 18E
13.00 : 2.42
16.00 4.08

A: 18.84 : 6.03
DELTA K B:

4, MAX C:

-a:

ROOT MEAN SQUARE 2. 72
PERCENT ERROR

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

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

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

5.7-4
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CONDITION/HT: 175OF AC. 1325F SHRS. FC TO 1150F. HELD 1BHRS AC NICKEL
FORM: 0. 50"TH PLATE YIELD STRENGTH: 150. 5 KSIl BASE
SPECIMEN TYPE: CT ULT. STRENGTH: 191.3 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 479

..- FREQUENCY: 867 HZ SPECIMEN WIDTH: 1. 993" INCONEL
ENVIRONMENT: 10000 F. AIR REFERENCES:HD015 718

A&K (MPA 'N/-) AK (MPA x/-m)
4 10 40 100 4 10 40 100

STRESS RATIO = , .87 "1o STRESS RATIO -
• 102  10-2

10 -1 10

10F3  103-

* - ---
10-O---- 0'U
" 110 

3
0

z ____10
.4  _0~ z_1.

C 10-3 10 6 -

166, - -- 16

5 5 5

110 10

'U_"__ __I_ - 1 1*

_ 1 0 . . i~Ab L-.---J~~6 -- I0 I ,i li I I, --
1 4 10 40 1001 4 10 40 100

,',, @ 'I ' '"I'ISES RATO 11 ''I -10° '"" ""_

=STRESS RATIO = 10 ST E S RA I z1
101

610" 10

!0
.3  

__ _ __ _ __ _ __ -103 -

102 10

lo- 7 16 7

10" 11- "

1_ 1__ _ 1_1_-8_1 1_1_1_1___ 1d I 10z1

Z 10 -- 10 40 1

ST l @ -- 104

II. 10-6 _- 1 101
10, " l's  1 _

,"10
-1 -- 10 i 7  

--__ _ . * _ _ _ _ __ 10- -10

S "." 1 4 10 40 10 1 4 10 40 10

AK (KSI v'Tn) K (KSI VTh).
"Figure 5.7.3. 10
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-V.. TAbLE 5.7.3.11

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.11 INDICATING EFFECT

.1' OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 718
§. CONDITION: 1750F AC,1325F 8HRS, FC TO 1150F, HELD 18HRS,AC

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

E=+1200F
AIR

A: 20.23 : 9.05
* DELTA K B

MIN C:

25.00 : 17.8
3000 : 31. 1
3500. 4688U

*40.00 70.7
50.00 125.

A. 55.7~6 : 160.
DELTA K B:

MAX C:

"iXD:

ROOT MEAN SQUARE 2. 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

. .-- 2

..

e5. O05".7-.2
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CONDITION/HT: 1750F AC. 1325F eHIRS. FC TO 1150F. HELD 18HRS.AC NCE
FORM: 0. 50"TH PLATE YIELD STRENGTH. 150. 5 KSI BS
SPECIMEN TYPE: CT ULT. STRENGTH: 191. 3 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 477*
STRESS RATIO: -40. 03 SPECIMEN WIDTH. 1. 9IN7NE
FREQUENCY. 0.67 HZ REFERENCES: HDO1571

&K (MPA -\/M) &K (MPA -,/M
4 10 40 100 4 10 40 100

I 111111F I 7I J'l'
- ENVIRONMENT:~1~ F * 100 @ ENVI O8NMENT:

AIR

100
10' 10'

1 -F

-2

C) 10 10
> 4 Am4

1 0O 1 0 - 0

10 E
-: io10 - z

-io11 10 5 v

106 7 1667

10 0-6 1 o6

(7 1068 1..........L. 1 1 1 Illd I - 1078 1 11j L ld I.....Lw I l i -

*1 4 10 40 100 14 10 4U 100

ENVIRONMENT: 100 @ ENVIRONMENT:10

-62 
1__ 

_ __ _ _2_ _

100

10.1 107

102 10

16 4 
4

-3 1 o3 E

100
10 E

7 -713 00- 1010

1 16  1 76

14 10 40 100 1 4 10 40 100
&K (KSI V/Tn) nK (KSI vri)

Figuire 5.7.3.11
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"ABiLE 5.7.3.12

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.12 INDICATING EFFECT

'V OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 718
*. CONDITION: 1750F AC, 1325 F 6HRS, FC TO 1150F, HELD 18HRS AC

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

A B C D

E= R. T. E=+ 800F
:LAB AIR, 8. 33HZ AIR 1 6.67HZ

A: 16.26 : 1.01
DELTA K B: 15.64 . 749
MIN C:

D:

16. 00 .820
20.00 : 1.29 1.98
25.00 2.73 4.69
30.00 . 5. 50 9.30
35.00 : 9.95 16.3

*.40.00 16.0 25.9
50.00 304

A: 54.46 . 359
DELTA K B: 42.78 32.5

MAX C:

ROOT MEAN SQUARE 5. 56 4. 55
A PERCENT ERROR

LIFE 0.0-0. 5
PREDICT ION 0. 5-0. 8
RATIO 0.8-1.25 1 1

* . SUMMARY 1. 25-2.0
(NP/NA) 12.0

5.7-44
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CONDITION/HT: 1750F AC. 1:325F 8HRS. FC TO 1150F. HELD 18HIRS AC NCE
FORM: 0.50"TH PLATE YIELD STRENGTH: 150. 5 KSI BASE
SPECIMEN TYPE: CT ULT. STRENGTH: 191.39 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 477"
STRESS RATIO: -0. 05 SPECIMEN WIDTH: 1. 997- 1. 998 ICOE

iFREQUENCY: REFERENCES:HDU 15 718NE

&K (MPA Vmi) &K (MPA ~T~
4 10 40 100 4 10 40 100

ENVIRONMENT:-. . 100 \ ENVI O8NMENT:. 8 0
LAB AIR. 8. 33HZ 10AIR. 8. 87HZ

10- 10 10

10.1 10F1

10-2 10*2

cL) -4

10 10 10E
z

166 1 /i66
4 5

10 100

75

10.6 1 0-c

16 06 1 I1 1

1 4 10 40 100 1 4 10 40 100
fil I~FT J-P'T I~ I ITIFIF I

-' ENVIRONMENT: 100 ENVIRONMENT: 100

1-2 
1_________ 2

10 - 010
10 1 10.1

10 1o 3

10- 10

10o3  10'3 E
E

z 5
"10 1075~ z

10 - 106

-6 1__ __ _ __ _6 __ _ _

4...10~ 10

10~ -107,

10-6 1 6

~ .-.... L~w.L±.LLL .......L...LL~b 1 6 -LLLJ.L10

* .14 10 40 100 1 4 10 40 100
AK (KSI ,/in) AK (KSI v/7n)

Figure 5.7.3.12
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IABLI: 5.7.3.13

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DA-iA ASSOCIATED WITH FIGURE 5.7.3.13INDICATINO EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 718I
CONDITION: 175OF AC, 1325 F SHRS, FC TO 1150F, HELD 161-RS AC

- . DELTA K .DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN*4*1/2)

A 1B C D

* . E=+ 800F E=+1000F

* :AIR AIR

A: 16.57 : 1.25
DELTA K B3: 15.20 :1.43
MIN C:

16.00 :1.73
20.00 : 2.93 3.76
25.00 : 6.96 7.63
30.00: 13. 1 13.2 -
35.00 : 21.6 20.8
40. 00 : 33. 1 31. 1

v~.50.00 : 69.4 63.9
60.00 :122.

A: 56.07 : 104.
' DELTA K D: 66. 35 :81

MAX C:
D:

ROMEAN SQUARE 5. 56 12. 07
'' PERCENT ERROR

--- ~-------------------------------------------------------------------------------
LIFE 0.0-0+ 7

PREDICTION 0. 5-0. 6
RATIO 0.8B-1. 25 1 5
SUMMARY 1. 25-.
(NP/NA) >2 0

5.7-46
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CONDITION/HT. 175SF AC. 1325F 8HIRS. FC TO 1150F. HELD 18HRS AC NICKEL
FORM: 0.50"TH PLATE YIELD STRENGTH: 129. 0- 150.5 KSI BASE
SPECIMEN TYPE: CT ULT. STRENGTH: 160. 1- 191. 3 KSI

* ORIENTATION- L-T SPECIMEN THK. 0. 476- 0. 478"
STRESS RATIO: -0. 05 SPECIMEN WIDTH: 1.!995- 1. 998 NCNE

* FREQUENCY: 0.57 HZ REFERENCES:H0015 718NE

&iK (MPA vi)AK (MPA VT
4 10 40 100 4 10 40 100

- ~ ~ 1,1 II'' 1 t~ 1JIIJ I'! 'I I 'I'd'
ENVIRONMENT: * 16fl -. 1 0 \W ENVIMONMFNT: -o1000 F.,
AIR 10AIR

*102 102

-10-1lo

10F3 1 F
_10 02 10-2

_ 
E

10 -4 -44

10 100 U

-7. 7
1 _ _ _ _ _ _1o

10-6 10

16 i t 1 11 78 1 1 1 1

1 4 10 40 1 11 4 10 40 100

ENVIRONMENF 10o ENVIRONMENT: 100

-2210 102

11

U . 4 1U

10 10E
10 -1E* 10 E

16 1005

10 10- 07

1 o5

11 106

1 4 10 40 100 1 4 10 40 100
A K (K SI 7n)T~ &K (KSI Vr'T)

Figure 5.7.3.13
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CAULK- 5. 7.3. 14

FATIVUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.14 INDICATING EFFECT

OF' STRESS RATIO

MATERIAL: NICKEL BASE INCONEL 718
CONDITION: 17D0F AC, 1325 F SHR FC TO 1150F, HELD l8HR AC

ENVIRONMENT: ?. T. * LAB AIR

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

A B C D

R=+0. 05

A: 13.06 :.190
DELTA K B:

MIN C:
D:

16.00 :.871
20.00 :1.77
25. 00 : 3. 70
30.00 : 6.06

* 35.00 : 11.7
40.00 : 18.7

* 50.00 : 41.7

A: 59.94 : 80.6
DELTA K B:

MAX C:

ROOT MEAN SQUARE 9. 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

5.7-48
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CONDITION/HT: 1750F AC. 1325F 8HR FC TO 1150F. HELD 18HR AC NCE
FORM: FORGING YIELD STRENGTH: 168. 4 KSI IAE
SPECIMEN TYPE: CT ULT. STRENGTH: 195. 7 KSI
ORIENTATION: SPECIMEN THK: 0. 402

%FREQUENCY: 10.00 HZ SPECIMEN WIDTH: 1. 9981ICOE
-ENVIRONMENT: R. T. *LAB AIR REFERENCES:HD017 718NE

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

STRESS RATIO= -l-0. 05 100 STRESS RATIO=

10-1 10-1

10 10

C_ _ __ _ - - -3
5  E

10

z -5 -5
10 10

10 1010

101 10.1

i-5 -5i0
-~ 102 lo -1

-6O -6
10 10

io7 8 1o
10 10 10 4 0 0 0 4 0

100

10- -21
106

4 440 4 0 0 4 0

Fi ur 5.7.3.1

5-49
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TAB3LE 5. 7.3. 15

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.15 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 716
CONDiTION: 1750F AC, 1325F 8HR FC TO 1150F, HELD 18HR AC

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

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

A B C D

E=+ 600F E=+ 800F E=+1000F E=+1200F

:AIR AIR AIR AIR

A: 16.43 :.786
DELTA K B: 15.22 :.849 12
MIN C: 12.64 12

D: 14. 06 3.09

13.00 :1.38
16.00 :.993 3.06 4.71
20.00 : 1.44 2.05 5.93 9.30
25.00 : 3.28 4.40 10.7 17.4
30.00 : 6.61 8.32 17.9 2U. 2
35.00 : 11. 5 14.3 41.7
40.00 : 17.4 22.7
50.00 :48.6

A: 41.28 19.0
DELTA K B: 51.90 :54.9

MAX C: 31. 19 :20.2
D: 38.42 52.5

ROOT MEAN SQUARE 4. 75 5. 36 3. 25 4. 14
PERCENT ERROR

LIFE 0. 0-0. D
PREDICT ION 0. 5-0.8
RATIO 0.8-1-25 1 1 1 1

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

5.7-50
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*CONDITION/HT: 1750F AC. 1325F BHR FC TO 1150F. HELD 19HR AC N ICKEL
FORM: FORGING YIELD STRENGTH: 108. 4 KSI IBS
SPECIMEN TYPE: CT ULT. STRENGTH: 196. 7 KSI BAS

ORIENTATION- SPECIMEN THK: 0. 402- 0. 403"
S STRESS RATIO: -0.05 SPECIMEN WIDTH: 1. 995 1.9991 INCONEL

.% . FREQUENCY: IL 87 HZ REFERENCESIHDO17 718

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

ENVIRONMENT: 10 \,9 E ENVI ONMNT: 8 00 F.
AIR AIR

1 0 1 01
10110

10-2

U

lo 0-4

107 10

1 ooE
5 -5

~~10

100

10' 6

1 4 10 40 100______ 4 10 40 100

ENVIRONMENT: .-101AO 10o ENVIRONMENT: 120 F. 100
AIR AIR

10r 10-1

10 101107

1 ~-2
102 102

>116 4

10, 10 3U

- io5rn E

z ic
10- 510

10~0- 10__ ~ ~ 0 __

1 06 106t

S1 4 104710 108
1 4 1 40 101 4 10 40 100

AK (KSI ,/in) &K (KSI Vin)
Figure 5.7.3.15

* 5.7-51

Downloaded from http://www.everyspec.com



TAILL 5. 7.3. 16

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.16 INDICATING EFFECT

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

MATERIAL: NICKEL BASE INCONEL 718
* CONDITION: 1750F AC, 1325 F 8HR FC TO 1150F, HELD 1BHR AC

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

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

A 13 C D

E. ER.T.
:2:-.:LAB3 AIR

A: 16.57 :1.36
* DELTA KB:

MIN C:
D:

20.00 : 2.55
25.00 : 5.07
30.00 : 8.74
35.00 : 14.0
40.00 21.5
50.00 : 47.2
60.00 : 98. 4

A: 63.69 : 128.
DELTA K B:

MAX C:
D:

-- ROOT MEAN SQUARE 7. 64
PERCENT ERROR

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

RATIO 0.8-1.25 1
SUMMARY 1. 25-2. 07(NP/NA) >2. 0

5.7-52
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r.. - -. - 2 : c -r r J - .. , - . r, - , . r . r . _ - _ -.. -.. . . . . . . .- . . . . . . . . . . . . .. - .. -

Lip: CONDITION/HT: 1750F AC. 1325F 9HR FC TO 1150F. HELD 18HR AC NCE
'-. FORM: 2. 00"TH FORGED BAR YIELD STRENGTH: 152. 1 KSI BASE

SPECIMEN TYPE: CT ULT STRENGTH: 194. 4 KSI
- ORIENTATION- C-R SPECIMEN THK: 0. 304

STRESS RATIO: -0. 05 SPECIMEN WIDTH: 1. 480" INCONEL
FREQUENCY: 10.00 HZ REFERENCES:HD017 718

:'-AK (MPA /-m) &K (MPA m

4 10 40 100 4 10 40 100
. I 1 1l'l 1 1 14 1111 () -1 1 1 1 lt

ENVIRONMENT: R. 10o ENVIMNT:
LAB AIR 

EI M-

162 10
.2 -

10-1  10

1 0 3  3
-- 10.2 -- 0 2

%. _ - 10.  10 3 Z

% _'.4 
-4

c. z 10. 3_0 10-

Z'
z' - 5

07 o 10- --

i.: 10 10 "  10
5

.- . _010 -  c-7 1117

."10 1010 --

1-'10 40 100 14 10 40 100

%-' ENVIRONMENT: 100o E NVIRONMENT: loo

2 
1_- 2

10.
4  10- -

10. 21
10

1lo0 10
-- --110

"  10 -_ 1 .

1 5 5  
-

Y- i '-6: _ __--_____ -7 10 10- -

10- 10-

1 OF10O

.. , 10.6 10

:' .. y% . L I J, l , l .l L .l J..IL, - 108 1-8 F 1,I-

'.1 4 10 40 100 1 4 10 40 100
.- ,, ",K (K S I ./ 7) & K (K S I V"-' )

Figure 5.7.3.16
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TA13LL 5.7.3.17

FATIGUE CRACK CROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.17INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 718
CONDITION: 1750F AC, 1325F 8HR FC TO 1150F, HELD 18HR AC

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

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

A B C D

E=+ 60OF E=+ 80OF E=+1000F E=+1200F
:, AIR AIR AIR AIR

A: 17.61 : 1.38
DELTA K B: 17.80 1.72

MIN C 16. 17 3.68
D: 16.10: 12. 5

20.00 • 2.32 2.88 7. 13 21.0
25.00 5.29 6.91 12.9 36.4
30.0" 9.77 12.9 20. 5 55.6

'. 35.00 16.0 21.0 31.0 76.1
A 40. 00 24. 4 31.2 45. 9 95.3

50. 00 ' 50. 1 101.

'. A: 56.32 : 74.9
DELTA K B: 42.93 • 38.3

MAX C: 55.00 : 150.
• "-, D: 44.50 110.

K ROOT MEAN SQUARE 4.54 5. 17 4.81 4.86

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

.-.

:-.:'.:C!

It€.
.- ,?,

• 44."
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CONDITION/HT: 1750F AC. 1325F 8HR FC TO 1150F. HELD 18HR AC NICKEL
FORM: 2.00"TH FORGED BAR YIELD STRENGTH: 152. 1 KSI BASE
SPECIMEN TYPE: CT ULT. STRENGTH: 194. 4 KSI
ORIENTATION C-R SPECIMEN THK: 0. 303- 0. 304"
STRESS RATIO: "0.05 SPECIMEN WIDTH: 1. 478- 1. 481 INCONEL
FREQUENCY: 0.57 HZ REFERENCES:HO017"e, 718

AK (MPA N/Tm) AK (MPA V/')
4 10 40 100 4 10 40 100

ENVIRONMENT: 0 lo1 ENVI ONMENT. i 80 F.
AIR AIR

-1 2 1-2 -

10
.3  10 -1

10- 1 10.

-2 -21 10 10

U 1 0  10- 10

. 10._ 10 - z

_10.6 6__ _10_

10 40 100 10 10...0L6L100

©NV0ENVIRONMENT: 10 0
AIR AIR

-°2 __ _ _ _ _ _ _ _ _ _ _ _ _ ___ -210 010

10 1011078 11

1olo

1 410 4 001 10 1004

NI 10-6 10-

i05  10-5

112 10
7
3

0510-2
1. 14  4 40 eU100

10...L. .. LiKL (KS.I...L LLL"L) - 10(KSLL/TL)

,'. Figure 5.7.3.17

5 5.7-55
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5Lt j.3. 13

FATIGUE CRACK OROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 718
CONDITION: 1750F IHR AC, 1325F BHR FC TO 1150F,

HELD 16HR AC(YIM-EFR)

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

A 13 C D

E= R. T. E"=+1200F
*: LAS AIR, 10HZ AIR,. 67HZ

A 12. 11 :.0962
DELTA K B: 28. 72 :21. 7

MIN C:
D

13.00 218
16.00 632
20.00 1.57 -
25-00 3.83
3000. 7.06 25. 1
35.00 11. 7 Lf7. 7
40. 00 19. 5 49. 0

A 45. 3 S 35. 7
DELTA K B: 45.46 60.6

4-',MAX C
D

ROOT MEAN SQUARE 4. 97 3. 70
09- PERCENT ERROR

LIFE 0. 0-c, 5
PREDICTION 0. 5-0. 8

RATIO 0. 8- 1.25 1 1
SUMMARY 1. 25-2 0

o(NP/NA) -2. 0

5. 7-56
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1750F 1HR AC. 1325F SHR FC TO 1150F.
CONDITION HT HELD 118HR AC(VIM-EFR) NCE
FORM 0. 50"TH PLATE YIELD STRENGTH: 147. 9 KSI BS

*OENAINSPECIMEN TP:CUL.SRNTH. 09.96 0.49
SPEIENTYPE. CTPULCISTENTH. 9.3 0.I 718

STRESSATIO.*0.05SPECIMEN WIDTH: 1. 153- 1. 99t NOE

FREQUENCY: REFERENCES:HDO 16

&K (MPA -'/)AK (MPA M/h)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. .. 100 \1-ENVIRONMENT:-+1200 F.
LAB AIR. 10HZ -AIR. .67HZ

1210 -21

-210'1 10.1

1 0 3 1-

12 10-
0 10

01 10 10 E

5 10- 10 c
100

10 lo 10

5
10- 10

10 1010

ro 108 - ~..L 108E
1 4 10 40 100 1 4 10 40 100

- I'' ' I 1 11, 11 I 
'II

ENVIRONMENT: 100 ENVIRONMENT: 100

10- 1010

101 10F1

-2 102

100 1 o

* 10- 3 10-3

10- 10

166 10

-7 1.11.

10l

16 1 1 lift, - . .

1~~~~ ~ ~ ~ 4 0 4.0 0 4 0

AK......... -KS ..------------
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TAB3LE 5.7.3.19

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.19 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE INCONEL 718
CONDITION: 1750F IHR AC, 1325F 8HR FC TO 1150F, HELD 18HR AC

(VIM-VAR)

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: 16.56 . 1.63
DELTA K B:

MIN C:

20.00 .99
25.00 & 628
30.00 : 12. 1
35.00 22.4
40.00 . 40.0
50.00 122.

A: 56. 03 232.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 5. 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)20

5.7-58
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1750F 1HR AC. 1325F 8HR FC TO 1150F.
0,4 CONDITION/HT: HELD 18HR AC (VIM-VAR)NICE

SPECMEN C.3TFORGED BAR YIELD STRENGHETHH 184. 9 KS' AS

ORIENTATION: T-L SPECIMEN THK. 0. 301"
FREQUENCY. 8.3- 10.00 HZ SPECIMEN WIDTH. 1. 151' INCONELI--ENVIRONMENT: R. T. *LAB AIR REFERENCES:HD01671

AK (MPA -,/-m) AK (MPA x~*
4 10 40 100 4 10 40 100

ISTRESS RATIO = *0. 05 10STRESS RATIO

F 10.1 10.

~~0- -2 1
Z 10E

~l 10 E o

10 1 0 i

- a 10

10.10

__ __ __ __ 10-__ _ __ -1

10 1 1 1 ilt I I I I 111.±.J.. 1 -
1 0 40 100 14 10 40 lot

I Il I ' II 1000
0 STRESS RATIO =STRESS RATIO 10

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

10- lo10 ,

1-31 10'3

10 ~10-

16, 10
10- 3 3 E

C 10 10E

Z 5 -05- z
S10 1

10 -0 10

10'10-

-~~~1- 10- - 0 _ _ _ _ _ __ _ _ _ _ _

-. 110-i 8  10
1 4 10 40 100 1 4 10 40 100

AK (KSI y'Tn) AK (KSI VWi)

~: ~: Filgure 5.7.3.19
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TAI3LL 5. 7.3. 20

FATIGUE CRACK GROWTH RATES AT DEFI1NED LEYELS

OF STRESS INTENSITY FACTOR

* . DATA ASSOCIATED WITH FIGURE 5.7.3.20 INDICATINC EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 718
CONDITION: 175OF 1HR AC, 1325F SHR FC TO 1150F, HELD 18HR AC

(VIM-VAR)

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

A B C D

E=+ 600F E=+ 800F E=+1000F E=+1200F
:AIR AIR AIR AIR

A: 13.90 : 1. 13
DELTA K B: 13.42 :1.37

MIN C: 12.74 :1. 93

D: 16.46 :20.1

13.00 :2.06
16.00 : 2.01 2.70 3.80
20.00 : 4.34 5.66 7.07 34.6
25.00 : 8.72 11. 1 11.9 59. 4
30.00 it'. 0 19.4 17.2 83.4

35.00 : 28. 9 32.3 22.5
40.00 :52.9

A: 37.80 : 40.5
DELTA K B: 41.21 :59.6 2.

MAX C: 39.66 2.
D: 31.33 :88. 9

ROOT MEAN SQUARE 4. 62 3. 55 7. 73 2. 35
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 1 11
SUMMARY 1.25-2.0
(NP/NA) >2. 0

5.7-60
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1750F 1HR AC. 1325F 8HR FC TO 1150F.
CONDITION/HT: HELD 18HR AC(VIM-VAR) NICKEL ,
FORM: 0.63"TH FORGED BAR YIELD STRENGTH: 154. 9 KSI BASE
SPECIMEN TYPE: CT ULT. STRENGTH: 208. 1 KSI
ORIENTATION T-L SPECIMEN THK: 0. 300- 0. 302"

.- STRESS RATIO: 0. 05 SPECIMEN WIDTH: 1. 152- 1. 153" INCONEL
FREQUENCY: 0. 87 HZ REFERENCES:HD015 71718

AK (MPA ,/Tm) AK (MPA v/)
4 10 40 100 4 10 40 100

ENVIRONMENT: -- 100 F.
AIR AIR p

1001 10 -1

".0<

-o3  1 3
11 10 .2

-02

/ 0
. >1 -4 -4

. 1o lO

... o ia.4  1 10./ .4"

0 10 1-

z 5

10 . 6  10. z

0 10 1-

16 0666

14 10 40 100 1 4 10 40 100

" ENVRONMEN 100 100

• -AIR -"y 10MN0II.'T
-2

10 -  10
10 .6 10

1 4 1 104 1 103

10 .: 10 5
.10 10-

z1- 1- - lo
v 10- 0 0

010 10-

4- 104

1 10 1

S6 1 0 -6

1 4 10 40 1 4 10 40

A'..: "ZK (KSI v'T) A K (KSI %/T)

-'. FIiguire 5.7.3.20.%

" 5.7-6 1

" -- - -- ,-.-.-. -- - *. "-. - "-' "-. ..-..*.,:.. . ,-........ .'-.-.. .. '.'..... ., -.-. '.... -

Fi ur 5. 7. 3. 20 .~..
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TABLE 5.7.3.21

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

DATA ASSOCIATED WITH FIGURE 5.7.3.21 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE INCONEL 718
CONDITION: 1750F 1HR 0, 1325F 8HR FC TO 115OF AT

100F/HR HOLD 8HR, AC
S ENVIRONMENT: +1000F,AIR

K. . -----------------------------------------------------------

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

*A B C D

* R=+0. 03

A: 16.37 : 2.25
DELTA K B:
MIN C:

D:

20.00 : 4.80
25.00 : 9.24
30.00 : 14.7 -
35.00 : 21.9
40.00 : 32.0

A: 47.47 : 56.9
DELTA K B:

MAX C:
D:

- ---------------------------------------------------------------ROOT MEAN SQUARE 8. 74
-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

,5.7-6
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175OF 1HR Q. 1325F 8HR FC TO 1150F AT'0. CONDITION, HT. 100F/HR HOLD 8HR. AC UIKL
FORM 1. 19"TH DISK YIELD STRENGTH 150. 0 KSI BS
SPECIMEN TYPE KB BAR ULT STRENGTH
ORIENTATION C-R SPECIMEN THK 0. 250"
FREQUENCY 0. 33 HZ SPECIMEN WIDTH 0. 900- 0. 902" NOE
ENVIRONMENT +10000 F. AIR REFERENCES GE005 7NC1NB

A~K (MPA .Jii:) 6~K (MPA
4 10 40 100 4 1(9 4() 1009

I~~~ ~ T r'NFT--Tr'-F- T 1-TTT7
STRESS RATIO 110 0 STRESS RATIIJ

10 10

10 0

z ~
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TABLL .. 2

F:; TIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTEN SITTY FACTOR

DAA S9EOCiATED: WITH FIGURE 5...2INDICATING EFFECT

Or ENVIRONMENT
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

NA TERIAL. NICKEL PASE INCON4EL 718
CONDI T ION 175SO,, lHR G, 132SF SHT FC TO 115OF AT

OHF'H HOD SEP- AC

IDEL.TA V, DA/ON (1O**-6 IN. /CYCLE)

AB C D

E43001 E=+ 60SF Ei=+ 800F
AIR AIR AIR

_74 P "AV~ 5410

C N C 1417 1.20

IL -10 1.2 I. 42
77C,2 12 2. 4

257 252- 4. 47 5. 00
3. - 5 441 S. 7 6 9 .C6

9 4615. 17.9

64. 2

A 4lt227

64. 3

~ r262248.34 19.07

40

0... -- * * Y0-Q
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j. -' ~ 77 ~ - * .- -

1750F 1HR Q. 1325F 8HR FC TO 1i15F AT
CONDITION HT: 100F/HR HOLD 8HR. AC ICE

*' .  FORM. 1.13- 1.30'TH DISK YIELD STRENGTH: 150.0 KSI BASE

SPECIMEN TYPE KB BAR ULT STRENGTH

ORIENTATION C-R SPECIMEN THK1 0.251- 0. 254"
-' ~ STRESS RATIO -0.33 SPECIMEN WIDTH: 0.903- 0. 907" INCONEL

.-- FRE.UENCY 0.33 HZ REFERENCES:GE005 718

A K (MPA V/"m) &K (MPA V"m)

4 10 40 100 4 10 40 100

-' ENVIRONMENT lo 3 0 ENVIRONMENT+ 60i 0 F.
AIR _- AIR

10 10

q~l lo% ::: 1o

010 -1022

_ _- 10 10

S010
4  10-10

1 "1 10.- ,10-100

•, "4 10 10

010 10

" 4 10 40 100 14 10 40 100
EN 'I -,84. - lo 0 ENVIRONMENT: 100

10-1 10'

1 
0 o

%'*""_-2-2

10 
1010% ,,%

uE
___-_0__ 4

10 LOO 3 
_

10 E

1 u 10

S0.  106

Vigtir 5..3

•16 -167 _

100-6

7

I :10' II I I,1, 0a8 I ,I I l , -

...... 4 10 40 100 I 4 10 40 10
&K (KSl vr") &K (KSl ,/7)

IFiguirc 5.7.3.22
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TABLE ~/ .

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF ST14ESS INTENSITY FAClOR

VDATA ASSOCIATED WITH FIGURCE.;. , INDICATING EFFECT

OF ENVIRONMEN1

MATERIAL: NICKEL EASE INCONEL 718

CONDITION: 1750F 1HR Q, 1325F 8HR FC TO 1150F AT
100F/HR HOLD OlIR, AC

DLL-TA K :DA/DN (1O**- IN. /CYCLE)

* . (KSI*IN**1/2)
A B3 C D

E=+1000- E=+1200F
AIR AIR

A: 13.89 .96
* DELTA K B. 1786 8. 13

MIN C:

16.00 1.68
20.00 3.70 9.75
25.00 7.77 16.8
30.00 : 14.3 28. 8
35.00 : 246 45.6
40.00 : 40.7 65.4

A: 48. 37 : 9.9

DELTA K b: 48.27 95.9

MAX C:

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

ROOT MEAN SQUARE 10. 33 19. 70
PERCENT ERROR

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

.7 -06
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1750F 1HR Q. 1325F BHR FC TO 115OF AT
CONDITION/HT. 100F/HR HOLD 8HR. AC NCE

FORM 1.13"TH DISK YIELD STRENGTH150. 0 KSI BS
SPECIMEN TYPE: KB BAR ULT. STRENGTH
ORIENTATION C-R SPECIMEN THK: 0. 252- 0.255"

...-FREQUENCY: 0.33 HZ REFERENCES:GE005INNL
718

&K (MPA 'Amh &K (MPA /h
4 10 40 100 4 10 40 100

® ENVIRONMENT -- 10 0 * 100 ENVIRONMENT -1200 F.
AIR AIR

l 2 -62

10 -10 10

10 10

10 102

4 -4

10 10 10E

1010

~0-5 5 0
00 101

-7 -7

1608 - .WLLI -.....L LLL - 106 10
1 4 10 40 100 1 4 10 40 100

© ENVIRONMENT: 100 ENVIRONMENT: 10(l

_1-2 
1_ _ 2__

lo- 100

10 101

-2o
100% 10

10- 10 E

z 5 110-10

L~~ 104 0 40 101 4 0 4 0

Fiuc5. 3.5

10 10a

6....................................
10-7 167

C1 i *ur 5. 7. 3. . 3
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rAB~LE 5.7.3. 24

FATIGUE CRACK GROlWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.24 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 716
CONDITION: 1750F 1HR 0, 1325F 8HR FC TO 115OF AT

100F/HR HOLD SHR, AC

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

*A B C D

* E=+ 30SF L=+ 60SF E=+1OOOF
:AIR AIR AIR

A: 15.09 4835
DELTA K B: 15.82 . 589

MIN C: 14.92 1.283
D:

16.00 :.595 .626 1.70
20.00 : 1.45 1.66 3.36
25.00 : 3.38 3.66 5.95
30.00 : 6. 13 7.64 10.8
35.00 : 11.0 139 1 c.1I
40.00 19. 1 19.9 30.3

A: 44.05 : 27.9
DELTA K B: 42. 52 :21. 5

MAX C: 45.99 :43.4
D:

ROOT MEAN SQUARE 16. 38 12. 85 7.047
PERCENT ERROR

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

:RATIO 0. 8-1. 25
SUMMARY 1.25-2. 0
(NP/NA) >.

5.7-68
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1750F 1HR Q. 1325F 8HR FC TO 1150F AT
CONDITION/HT: 100F/HR HOLD BHR. AC NICKEL
FORM: 1.13"TH DISK YIELD STRENGTH 150.0 KSI BASE
SPECIMEN TYPE: KB BAR ULT STRENGTH:
ORIENTATION C-R SPECIMEN THK: 0. 250- 0. 252"
STRESS RATIO: +0.00 SPECIMEN WIDTH: 0. 900- 0. 906" INCONEL

* .-I'-REQUENCY: 0.33 HZ REFERENCES:GE005

AK (MPA m AK (MPA Vih)
4 10 40 100 4 10 40 100

ENVIRONMENT: 300 F. 100 ENVIRONMENT, - 600 F.

AIR AIR 0
l 2 o-2

i0 2  10
10 10 1

103  10.

10 2 10 2

-3-
c 10- 10 E

E
10 -5 _ _ _ _ _

S10°- 10 1 -c

100 10

10- 15  1 5

10-7- 10-7 _ -

lo o6  106

1 4 10 40 100 1 4 10 40 100

ENVIRONMENT +1000"F, 100 - ENVIRONMENT: 10
AIR

100 .  10

10.3 -- 10-____3
*-10 102 10

2U

>" .4 1 -4

[:- - B-- 103 1--- 0-3 E
z 5 E

* z10 l5s  - z

"|10 100106-

" '---- 10s lo 10

410 10
.110 6

• 10,10 10 10

,4 10 40 100 4 10 40 100

,% " -Z K (KSI n'," ) AK (KSI 7qn),-.6

,____i______.,__._7._ -. -8 lii
_ _ _ _._7-,_ _ _
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rAiHLE 5.7.3.25

FATICOUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.25 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 718
CONDITION: 1750F 1HR 0, 132DF 8HR FC TO 1150F AT

100F/HR HOLD 3HR, AC

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

A B3 C D

E=+ 300OF F=+ 800F E=-41000F E=+1200F
AIR AIR AIR AIR

A: 19.86 1.82
DELTA K D: 7. 10 . .146

MIN C: 14.19 18
D: 1299 2.42

83.00. .149

9.00 .221
1000. .346

1300 .. 749 2.44
16.00 1.33 1.86 5. 51
20.00 : 1.86 2.67 2.59 9.92
25.00 3. 98 5.99 6.06 23.4
30.00 7.94 12.4 14.5 42.7
35.00 14.3 23.0 20.9 64.3
40.00 23.4 38. 5 27.6 86.3

A 4 7.23 : 40.6
DELTA K B 40.11 38.9

MAX C 49.01 65. 2
D. 46.60 :114.

* ROOT MEAN SQUARE 6. 12 15. 70 21. 44 21. 88
PERCENT ERROR

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

RATIO 0. 8-1. 25
SUMMARY 1.25-2. 0
(NP/NA) 02

5.7-70
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1750F 1HR Q. 1325F 8HR FC TO 1150F AT
* CONDITION HT. 100F/HR HOLD BHR. AC IIKL

FORM. 1.13- 1.30"TH DISK YIELD STRENGTH 150. 0 KSI BS
SPECIMEN TYPE. KB BAR ULT STRENGTH.
ORIENTATION C-R SPECIMEN THK: 0.250- 0.254'
STRESS RATIO: -0. 03 SPECIMEN WIDTH: 0. 902- 0.90 INCONEL
FREQUENCY- 0. 33 HZ REFERENCES:GE005 718

AK (MPA v')AK (MPA '%/')

4 10 40 100 4 10 40 100

ENVIRONMENT. +30 F. 10lENVIRONMENT . 8000 F.
AIR AIR

ld2  -20.
100

2 2

ic102 10

10 id
C103 10- E

z 5___ 1~-

4-
10. 10

10lo - 0 6 0

10~ ~ ~ 1 40 101 460 4 0

10~ 108

1 0 4 0 10 40 100

10j 10.'F

ENIRNEN: 1 100 @0 ENIOMET 120t

10

106 10

1010 100 I~L±L~ L
1 z0 4 0 0 4 0

AK, 10IVT K KI~Il

* )./-/4

10. . . . . . .
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'79

I ABLE 5. 7. 2.26

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.26 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 718
CONDITION: 1750F IHR 0, 1325F 8HR FC TO 115OF AT

100F/HR HOLD 8HR, AC

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

A B3 C D

E=+ 300f E=+ 600F E -+ 800F E=+1000F
AIR AIR AIR AIR

A: 13. q9 . 523
DELTA K 1B: 17. 33 1.33

MIN C: 15.78 1.36
D: 12.17 2. 60

13. 00 :1.81
16.00 .395 1.41 2.69
20.00 . 1.09 2.71 2.91 6.62
2500: 2.30 6.74 6.95 12. 5

-~30.00 : 6. 19 13.8 14. 4 23.0
3500: 11.8ci 24.5 54. 6

A: 35.84 12.0
DELTA KB: 38.01 31.5

MAX C: 33.30 :21.3
D: 3535. 59.0

ROOT MEAN SQUARE 21.76 16.02 15.70 20.04
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

5. 7-72
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1%. -2.

1750F 1HR Q. 1325F 8HR FC TO 1150F AT
.4 CONDITION/HT 100F/HR HOLD SHR. AC NCE

FORM. 1.13- 1.30"TH DISK YIELD STRENGTH. 150. 0 KSI BS
* SPECIMEN TYPE KB BAR ULT. STRENGTH
* ORIENTATION- C-R SPECIMEN THK: 0. 250- 0. 253"

STRESS RATIO: -0. 25 SPECIMEN WIDTH: 0. 900- 0. 909 ICOE
FREQUENCY: 0.33 HZ REFER ENCES:GE00571

AK (MPA V7m) A K (M PA VT
4 10 40 100 4 10 40 100

*ENVIRONMENT: 31 30 lo10 ENVIRONMENT + 60 F.
AIR AIR

1- 
16__ __ _ 2

10 10

101 10 2

3o 1 E3

102102

10 E

S10 1
4 -4

10 10-

11 6

-7 7 .

10 10

1 0-6 16

1078 -6J ~JjJ 10-81.L~LL ±J.ii
*1 4 10 40 100 1 4 10 40 100

* ~ ~~~~ ENVIRONMENT: -8**100 NIOMNT100 * 0
AIR AIR 1

100

10~ 1oo-

-- 2

10 -2~ "
,o 3  10

v10- 103E

.4 -5 ________-

10 10

1~1 4 10 41001 4 10 400

10 5. 5-*

. 0.

1 6 7 
7~.. . . * .. . . . . . . . . . . .. .
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TAIbLL 5.7.3.27

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.27 INDICATING EFFECT

Or ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 718
CONDITION: 1750F 1HR 0, 1325F 8HR FC TO 115OF AT

100F/HR HOLD BHR, AC

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

A B C D

. E=4 300F E=+ 600F E-* 800F
AIR AIR AIR

A: 12.37 :.849
DELTA K B: 12.93 :1.09

MIN C: 11. 11 :. 647

13.00 :.518 1.07 1. 12
16.00 : 1.08 1.95 3.31
20.00 3.25 3.74 5.86

A: 23.59: 6. 16
DELTA K B: 23.39 :10.2

MAX C: 21.92 : .80

ROOT MEAN SQUARE 38. 69 24. 20 32. 95
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

5.7-74
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* -7 -7

1750F 1HR Q. 1325F 8HR FC TO 1150F AT
CONDITION/HT: 100F/HR HOLD 8HR. AC NICKEL
FORM: 1.13- 1.30"TH DISK YIELD STRENGTH: 150.0 KSI BASE

SPECIMEN TYPE: KB BAR ULT. STRENGTH:
ORIENTATION- C-R SPECIMEN THK: 0. 250- 0. 255"
STRESS RATIO: +0.54 SPECIMEN WIDTH: 0. 902- 0. 922" INCONEL

",FREQUENCY: 0.33 HZ REFERENCES:GE005 718

A K (MPA /-m) A K (MPA .V/"m)

4 10 40 100 4 10 40 100

ENVIRONMENT: -6 3 100 ENVINMENT: 0 F.
AIR AIR

102 102

101 101

-2 -210.2 10.

1 4 _

>0 -3 
103 E

ol - o 4  i10 4 .

7 100- 10 .

-4 4-710 10- c

10 1

-6 -710- 10

108 , 108 -- IJ1 , L 41, -

1 4 10 40 100 1 4 10 40 100

ENVIRONMENT: 100 ENVIRONMENT: 100
% AIR

1-2 -2
102  r 10

10 I  I0-1

111
3  10 1

3

10.2 1 2

- 10- 10-2

>1 -4 10.5_ - 10 4

10 0-6
z E

5 -
5

7 10- 10 z
4V

10 10 c

-6- -10 10'

67 
167

10-6 10-6

._ 0-8 -il l I= , - 08 I , II I I , I l ,

1 4 10 40 100 1 4 10 40 100
.- """ K (KSI .') &K (KSI V1n)

Figure 5.7.3.27
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TA: LL 5.7.3.-8

FA4TIGUE CRACK GROWTH RATES AT DEFINED LEVELS
* OF STRESS INTENSITY FACTOR

- 'DATA M SSGCIATED WITH F1IGURE5.7.3.28 INDICATING EFFECT

of7 ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 718
CONDITION: 1750F 1HR 0, 132S5F SHR FC TO 1150F AT

100F/H= HOLD 8HR, AC

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

A B C D

E=+1000F E=+1200F
AIR AIR

A: 9. 6 .412
DELTA K B S. C, .34S

MIN C
D

9.0 0 .2837
10. 0 0 .857 2. 12
13. C, 2. 19 5. 73
16. C' 4.03 8.45
20. 0 0 8. 45 16. 0

A: 22.64 : 14.3
DELTA K B: 22.63 22. 0

MAX C:

- - - - - - - - - - - - - - - - - - - - - - - - - - --D- - - - - - - - - - - -

ROOT MEAN SQUARE 18. 59 24. 72

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

RATIO 0.8B-1. 25
SUMMARY 1. 25-2 0
(NP/NA) >20

5.7,-76
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175SF 1HR G. 1325F Wik0
'0: CONDITION HT 10SF/HR HOLD 8"R. AC

FORM 1. 13rTH DISK

* SPECIMEN TYPE KB BAR
STRESS RATIO +0. 54 mi .---

-FREQUENCY 0.33 HZ H

A K (M PA %4h~

*4 10 40 100 4 1

(A) I I I o I 7 r TrTT !T 
T

ENVIRONMENT + 1000; F. 10 E'VR-NMFNT - 1 2 0 0 ' F.
AIR AIR

102 
- L

10 -~10

*10 -10~

0)10 10 -

> -4 4

C 10 101

lo 10

V10' 4 10

10 101

-7 -7

108 -8 10

1 4 10 40 100 1 4 10 40 100
t10 ,NI 1 11 1 1 111 11 -

ENIOMN:loENVIRONMENT: 100

10 
1 -

10.1 10o

i~~ -12 i~i2
10 1

U 44
>1 -44 ________

U10 I

s 10' ~, 3 103E

z1- E 0~
10510 z

10 10'

166~

10- 101

10 -8

S1 4 10 40 100 1 4 10 40 100
&K (KSI 'n) AK (KSI vJinh

7 3. 2)8

- - . - "A~~~5.-7; f>,<-J .- .~
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FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE5.7.3.29 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 718
CONDITION. 1760F IHR WO, 1325F 8HRS, FC TO 1150F

BHRS, AC
-- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

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

A B3 C D

E= R. T. E=4-1200F E=.1200F E=+12O0F
LAB AIR,.33HZ AIR,.33HZ AIR,.O2HZ AIR,5MIN HOLD

A: 12.193 .. 0371
DELTA K B: 13.66 .172

MIN C: 19.60 :7.05
D: 19.03 :.615

13. 00 . .0525

16.00 :1.02 .692
20.00 : 2.86 3.20 8.02 1.30
25.00 : 6.05 9.59 27.7 101.0
30.00 : 14.7 16.4 61.0 87.8
35. 00 : 32. 3 28. 3 106. 300.
40. 00 :38. 5 160. 953.
50. 00 :60. 7 294.
60.00 :88.9 472.
70.00 :130. 719.

A: 39. 18 : 324.
DELTA K B3: 71.33 :136.

MAX C: 77.64 :978.
D: 41.00 :1205,

ROOT MEAN SQUARE 19.B2 16.62 20.92 29.11
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 6

RATIO 0. B-1. P5
SUMMARY 1.25-2.0
(NP/NA) .0

9 5.7-78
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CONDITION/HT: 1780F 1HR WO. 1325F 8HRS. FC TO 1150F 8HRS, AC [ICEL 1
FORM 3.8."TH DISK YIELD STRENGTH: 171.8 KSI BASE I
SPECIMEN TYPE. CCP ULT. STRENGTH: 201. 7 KSI
ORIENTATION C-R SPECIMEN THK: 0. 090"
STRESS RATIO: .. 00 SPECIMEN WIDTH: 2. 000" INCONEL
FREQUENCY: REFERENCES:GE0 71.

AK (MPA V/") AK (MPA -.?m)
4 10 40 100 4 10 40 100

. _ ENVIRONMENT R. 1. 100 ENVIF1ONMFNT: --1200 F,
LAB AIR,.33HZ AIR.. 33HZ

-? _ _ _ _ _ 102
10 1

10 - 1 10
-1

102 10

>1 -4-4

10- 10)--:.e= 0 3  10 3

"10 10- E

z 10"6 106 - E

lo 10- -

cc 1 4  o

10- 100

10. 10. 5

1 6 1 6

0--0 10-

i0-3_ - 10-38,

1 4 10 40 100 14 10 40 100

© ENVIRONMENT: +12 4P 0o @ 0 ENVIRONMENT: -1200 F. 10o
AIR..02HZ AIR.5MIN HOLD

-d2 
ld__ 

_ _ _ _ __ _ _ _ _ -i2

1010

3

1

, .. 10. _ il ' E 0.0-2 -
0 110-- 2

4.~ 4C)

"10 103 E
z E

Z _lo___ 1 o _7: , _ _.100

. 10--

* -6 Z__ _ 
1 -6 1__ _ 1 cv- 0

10- 1 10

1 
. , 110,

-8•...-L_.
10- 108

4 10 40 100 1 4 10 40 100
AK (KSI v../) AK (KSI v/t)

Figure 5.7.3.29
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FA TIGUE CRAiCK GROWTH RAT E E AT DEf IN1ED LEVELS
OF STRESS INTCNSITY FAC10k

W. A MSSOC IATED W ITH F IGURE .w~ INDIcArTNG EFFECT

OF ENVIRONMENT

MATERIAL. NICK~EL BASE INCONEL 716
CON4DITION: 1760F IHR WO, 1325F 8HRS FC TO 1150F SHRE AC

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

A BC D

E- +1 POO
AIR

A: 13.48 . .203

DELTA K 13:
MIN C:

D.

16 00 : 2. 44
20.00 : 11. 7
2500: 24.2"
30. 00 37. 5

*35.00 : 1 bl6
40. 00 C 67. 3
5Q0.O C:f 110+

A: 58. 25 : 167.
DELTA K U:

MAX C:

ROOT MEAN 5QUARE 17. 54
PERCENT ERROR

L )FL' 0. 0-D 7)
PREDICTION 0. 6.

RATIO 0 Lt- 1. pb
SUMMARY 1. 2 -2 0
(NP/NA) .20

5. 7-8o
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CONDITION/HT: 175OF 1HR WQ. 1325F 8HRS FC TO 1150F 8HRS AC NCE
FORM: 3.50OTH DISK YIELD STRENGTH: 171. 6 KSI BS
SPECIMEN TYPE: CCP ULT. STRENGTH 201. 7 KSI
ORIENTATION C-R SPECIMEN THK: 0. 250"
STRESS RATIO: -10. 00 SPECIMEN WIDTH: 0. 600' INCONEL
FREQUENCY: 0.33 HZ REFERENCES:GEOOB71

&(MPA A~)tK (MPA -,/T)
4 10 40 100 4 10 40 100

ENVIRONMENT: + 20 F. 100 1- EV ONMENT:
AIR

162 ______ 10 -2

10 101

C) 102 102
o) 4

110 4 0

10~ 3 03 E
E

z0 ____-1~- Z
100

10~6- 10- 10-

100 5 1

108 I ii li10 6 10 -~~..i 6

1 4 10 40 100 1 4 10 40 100
I V 1TITFP (1 1 TTF1 Tfil

'' ENVIRONMENT: 100 @ ENVIRONMENT: 100

1-2 ________-

10- 010

30 10.1

C)10 10-~
.4 4 u

10w 10 - -

c10 10 E
~ 10

44
V 10 10-4~

10 -0 10

1i OF 1o7

'8 Io 1061 11a111 1 0-

1 4 10 40 100 1 4 10 40 10

A ~~~~~~) K7-S81'7n (

5.7. io
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IABLL 5.7.3.31

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.31 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCO14EL 718
CONDITION: 1800F IHR 0, 1325F BHRS FC TO 1150F HOLD 8HRS AC

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

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

A B C D

E-+1200F

AIR

A: 14.80 :1.41
DELTA K B:
MIN C:

16.00 : 2.35
20.00 : 5.60
25.00 : 11.9
30.00 : 23.7
35.00 : 42.7U
40.00 : 66. 5
50.00 106.

A: 55,00 112.
* DELTA K B:

MAX C:

ROOT MEAN SQUARE 16. 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

5.7-82
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CONDITION/H: 1 eoOF 1 HR Q. 1325F 8HRS FC TO 1150F HOLD BH-RS AC[TEF
* FORM. 4..67"TH FORGING YIELD STRENGTH. 169. 2 KSI BS

SPECIMEN TYPE. K8 BAR ULT. STRENGTH:[
ORIENTATION' C-R SPECIMEN THK: 0. 250'
STRESS RATIO: *0.05 SPECIMEN WIDTH 0.6800ICNE

*FREQUENCY: 0. 33 HZ REFERENCES:GE001 718NE

AK (MPA N~/~T M) K (MPA -\/MT
4 10 40 100 4 10 40 100

ENVIRONMENT: 01 0 ENVI40ONMENT
AIR

ld2 -62 ______ __

10- 10

10' 10

010 100

10 , 10'
1 OF

1o 57  
- io5

10- 1 6 1 0.1

1 4 10 40 100 1 4 10 40 100

k~/ ENVIRONMENT: 10 100RNMNT

- 10-1 10
3 1 _ __ ___ __

10-
- 10-2 a

10 42

-~3 -3E10 10" E

5V 5
10 10~ z

*1 10 1

16 06 10.

1 4 10 40 100 1 4 10 40 100
L~K (KSI 'n) L~K (KSI yin)

VrQ5.7.3.31

5).7-83
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1Ai3LL 5.7.3.32

FATIGUE CRACK GROWTH RATES AT DEFIN4ED LEVELS
OF STRESS INIENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.32 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL P.ASE INCONEL 718

CONDITION: ST 1850F, 1360F 9?HRS, F/C 1175F

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

A B C D

E=R.1. E=+ 400F E- R.T.
L. H. A. 6HZ L. H.A. , 6HZ S. T. W. 1HZ

A: 2773* 35*/
DELTA K B: 25.53 .175

*MIN c: 26.20 .345
D:

30.00 .840 . 963 . 933
35.0i0 2.09 2.41 2. 57
40.00 3.73 4.82 4.12
50.00 9.99 13.3 11.4
60.00 -721.2- 26.5 23.2

A: 69.11 34.8
DELTA K B 68.07 48.0

* MAX C. 62.69 .27.2

ROOT MEAN SQUARE 6. 46 6. 32 9. 48
PERCENT ERROR

LIFE 0. 0-0. 3
PREDICTION 0. 5-0 8

RATIO 0. 8-1 25 1 1 1
SUMMARY 1. 25-2. 0
(NP/NA) >20

5. 7-84
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CONDITION/HT ST le50F. 136OF 9HRS. F/C 1175F NICELET
0 FORM. 4.00"TH FORGED BAR YIELD STRENGTH. 160. 0 KSI IBASE

SPEI;' EN TYPE: CT ULT. STRENGTH: 192. 0 KSI
ORIL. IATION L-T SPECIMEN THK: 0. 500"

STREOS RATIO. -o. 08 SPECIMEN WIDTH 5. 900- 6. 000" ICOE
FREQUENCY: REFERENCEs:eB579

716

&K (MPA ~/~ K (M PA N/m)
4 10 40 100 4 10 40 100

ENVIRONMENT:R.E.N 10I " Of ENVI ONMENTN+T 4 0
L. H.A.. 6HZ -L. H. A.. 6HZ

-2 -2___ _

10 - 10

101 10~

2 2
102 102

u 4

10~ 10

S10 10-5

.010o io-

-6 -
10 106

-5 5s

__ _ _ _ _ _ _ _ _ 10 I _ 10

14 10 40 100 14 10 40 100

'!) ENVIRONMENT- R. 100. ENVIRONMENT 0(
S. T. W. 1HZ

10-

-210 10'

4 4 u

101 1010
1o~ E

710 10U z
4 1 0

- 10- 1

10-0

* 10 -11

10's 710

1 4 10 40 100 1 4 10 40 100
.~. *.*6K (KSI ,i K (KSI )

Fi if rei 5.7. 3.31
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TAB~LE 5.7.3.33

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.33 INDICATING EFFECT

OF ENYIRONMENT

MATERIAL: NICKEL BASE INCONEL 718

CONDITION: ST 1850F, 1360F 9HRS F/C 1175F

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

*A B C D

* E= R. T. E='+ 400F
:L.H. A. L. H. A.

A: 19.24 :.7t0
DELTA K B: 17.85 : 736

MIN C:
D:

20.00 . 773 1.66
25.00 . 3. 38 5.47
30.00 : 6.69 12. 1
35.00 : 10.8 20.2
40.00 16.0 27.7
50.00 30.2

A: 59.27 . 47.0

* : DELTA K 13 49.30 :49?.8
* * MAX C:

D:

-. ROOT MEAN SQUARE 3. 11 6. 49
*PERCENT ERROR

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

RATIO 0.8-1.2'5 1
SUMMARY 1.25-2 0
(NP/NA) >2.

5.7-86
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CONDITION/HT: ST 1850F. 135OF QHRS F/C 1175F NICKEL
FORM. 4. 00"TH FORGED BAR YIELD STRENGTH: 160. 0 KSI BASE
SPECIMEN TYPE: CT ULT. STRENGTH: 192. 0 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 500"
STRESS RATIO: -0. 50 SPECIMEN WIDTH: 5. 990- 6. 000 ICOE
FREQUENCY: 6.00 HZ REFERENCES: 88579 718NE

* AK (MPA x/7i) AK (MPA -,/m)
*4 10 40 100 4 10 40 100

ENVIRONMENT: R. T.. 100 E O 0 N MENT: -1 400 F.
L. H. A. L. H. A.

10' 101

1 2 12
10 0 0

%, 4 164

% ~ 10
c: 10O4  10- r

E

z 5 570~ 1000-

10 10- m 0

- .1 
1

10' 100

10 16

10- 10-1

1 4 10 4 004 1 4 0

-22 12 2

10 10-
0 10

0101 - vT -

10 10 10-3 E

10 -10

10-~ 10-~

10 ~110

1 4 10 40 100 1 4 10 40 100
&K (KSI V"7n) AK (KSI Vrin)

Figure 5.7.3.33

* 5.7-37
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V. 7-7. ** . '. r-.r, . *. - r-~*

TABLE 5.7.3.34

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.34INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 718
CONDITION: ST 1850F, 1360F 9HRS, F/C 1175F

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. 6HZ S. T.W. , 1HZ S. C.S. , 1HZ

A: 26.21 :.346
DELTA K B: 28. 93 :.394

MIN C: 31.51 : .18
% D:

30.00 :1. 12 .631
35.00 : 3. 13 1.93 2.16G
40.00 : 6.30 2.82 3.92
50.00 : 161 8.61 11.0
60.00 32.9 27.8 25.8

830. 00 :208. 67.1
90.00: 154.

A: 67.39 : 54.8
DELTA K B: 81. 34 :306.

MAX c: 95.99 :225.

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

ROOT MEAN SQUARE 13. 44 16. 84 8. 36
PERCENT ERROR

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

LIFE 0. 0-0. D
PREDICTION 0. 5-0.8 1
RATIO 0.8-1.25 11
SUMMARY 1.25-2.0
(NP/NA) -"2. 0

5.7-83
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CONDITION/HT. ST 1850F. 136SF 9HRS. F/C 1175F NICKE
FORM: 4.00"TH FORGED BAR YIELD STRENGTH: 160.90 KSI BASE

SPECIMEN TYPE: CT ULT. STRENGTH: 12. 0 KSI
ORIENTATION' T-L SPECIMEN THK: 0. 500- 0M510"
STRESS RATIO: -10. 08 SPECIMEN WIDTH: 7. 390- 7. 400" INNL

*FREQUENCY: REFERENCES:98579 718

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

ENVIRONMENT: R:0 1 101 ENVI O8NMENT: R.4.,11
L.H.-LA., 6HZ -S. T. W.. 1HZ

1010

10 10>

4 4

s 1 10 - 1 0

70 ____ 10 0- z

(V4 
4 '

10- 10- m

10 - 01 10'6
110~

*1 4 10 40 100 14 10 40 100

© ENVIRONMENT- R. .. 100 @ EVRNET o
S.C.S.. 1HZ EVRNET 0

10- - 10
10 1013

10'
-2 -2 _

-- 10 10
uU

4 -4

s_ __ 10 100 SE
z 5 _ _ _ 5 0s

10 100-4

10- - 10

100 70'

10' 10 10

%0~ 101

1 4 10 40 100 1 4 10 40 100
AK (KSI in) &K (KSI -,/i)

* 5.7-89
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TAi3L -. 5. 7.3. 35

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.35 INDICATING EFFECT

OF ENVIRONMENT

.W. MATERIAL: NICKEL B3ASE INCONEL 718

CONDITION: ST 1850F, 1360F 9HRS, F/C 1175F

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

A 13 C D

E= R.I. E=+ 400F E= R.T.

:L. H.A. L. H. A. S. T.W.

A: 28. 21 : 2.84
DELTA K B: 20.07 :.335

*MIN C: 20.92 :.253

25.00 :1.23 1.02
30.00 : 3.57 2.B6 2.63
35.00 : 6.84 5.47 4.07
40.00 : 11. 4 9.81 7.38
50. 00 : 27. 0 29. 8
60.00 : 78. 8 74.0
70. 00 ; 277
80. 00 564.

A: 84. 76 : 550.
DELTA KB: 61. 11 :80.0

MAX C: 43.46 :13. 5

--- - -- - - - -- - - - - - - - -- - - - -- - - - -- - --D- - - -- - - -

ROOT MEAN SQUARE a 98 13. 52 13. 99
PERCENT ERROR

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

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

RATIO 0.8-1.25 1 1
SUMMARY 1.25-2.0
(NP/NA) -2.0

o; 5.7-90
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CONDITION/HT: ST 1850F. 1350F 9HRS. F/C 1175F NI CKEL
J4 FORM. 4.00"TH FORGED PAR YIELD STRENGTH: 160. 0 KSI BASE

SPECIMEN TYPE: CT ULT. STRENGTH. 192. 0 KSI
* ORIENTATION- S-L SPECIMEN THK' 1. 000"

STRESS RATIO. -0. 08 SPECIMEN WIDTH: 9. 770" INCONEL

FREQUENCY: 1.00- 6.00 HZ REFERENCES:8857971

&K (MPA /T)AK (MPA ,/m)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. .,10 E N VI O 'NMENT 40
L. H. A. L. H. A.

1020 10 _ __ _ _ _

10'' 3100

102 102

10. -4

10) 1001

-4 4

10 10
6S

10 1

16 16
1080 10iII *W 0

1 4 10 40 100 1 4 10 40 100
/P I JI I II I I I III -+5 = I I I I 'II I II11 11 -

ENVIRONMET 0.. 10 ENVIRONMENT. 10o
S. T. W.

1-2 -62

10- 10

101 10 2

10 2 1

10 10 -

E

10 510

% 4 10-4
1010'

10e 40 10 14 140

106 10o6

10.8 I Iii.iJj 168 .1...iJj .JLILJJ-

L K (KSI in) nX (KSI -,/in)
Figure 5.7.3.35

A. 5.7-91
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KTABLL 5. 7.3. 36

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DAW1A A4SSOCIATED WITH FIGURE 5.7.3.36 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INCONEL 718
CONDITION: 195OF AC, 1325 F SHR6, FC TO 1150F, HELD 18HRS AC

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

*A B C D

* E= R.T1. E=+ 600F
:LAB AIR, S. 33HZ AIR,.67HZ

A: 19.66 : 1.02
DELTA K B: 20.46 :1.94
MIN C:

D:

2l-0. 0 0 1.05
25.00 : 1.97 3.92

-. ~.30.00 : 3.95 7.70
35.00 7.36 13.5
40.00 21.1

A: 38.40 10. 5
DELTA K B: 47.52 .34.6

MAX C:

* ROOT MEAN SOUARE 4. 50 4. 32
PERCENT ERROR

LIFE 0. 0-0 5
PREDICTION 0. 5-0 8
RATIO 0.8- 25 11
SUMMARY 1.25-2 0)

* . (NP/NA) 1%2. 0

5. 7-92

e, ,-'e
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CONDITION/HT: 1950F AC. 1:325F 8HIRS. FC TO 1150F. HELD 18HRS AC NICKE
FORM: 0. 50"TH PLATE YIELD STRENGTH: 181. 1 KSI IBS
SPECIMEN TYPE: CT ULT STRENGTH. 196. 2 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 490- 0. 491"

* STESSRATO.-0. 05 SPECIMEN WIDTH: 1. 992- 1. 997" ICNE
* FREQUENCY. REFERENCES:HD01571

&K (MPA &/h K (MPA ~~
4 10 40 100 4 10 40 100
1 '11111 1 777 4® ENVIRONMENT: R.4. 100 @ E N VI O N MENT:+ I.1600

LAB AIR.8.33HZ AIR...67HZ
-62 1_________ 2 _ ____

100 - 10

10.1 103

2 -2
10 -10 o3 10

104
160u

c Z0 3__ _ -10-- -3~ E

S10 1

1660

11 6

1- 10 -51 10 56

10 7~-~L-J±- .LLL.

1 4 10 40 100 1 4 10 40 100

-* © ENVIRONMENT.- 100 ENVIRONMENT: 10

10.1 10.

102 102

10 10-1

3 U3E
100

10 10
z 104 4

u 6 16

@21 10101

100.z

11 10 1

106 10 5

0p 10 40 100 1 4 10 40 100
AiK (KSI vT-i) 6 K (K SI V/ -i)

FigUrc 5.7.3.36

5. 7-93
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TABLE 5.7.3.37 1
FATIGUE CRACK CRPWTH RATES AT DEFINED LEVELS j.

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.7.3.37 INDICATING EFFECT

OF STRESS RATIO I
MATERIAL: NICKEL BASE INCONEL 718

CONDITION: 195OF AC, 1325 F 8HRS, FC TO 115OF, HELD 18HRS AC

ENVIRONMENT: +1IOOF, AIR

DELTA K DA/DN (10**-6 IN /CYCLE)
i4 i  (KSI*IN**1/2)

A B3 C D

R=+O 05

A. 21 00 4 93

DELTA K B
MIN C

D

25 O0 ' 94

30 00 "
35 O0,
40 OC

A 46 6-
DELTA K B

MAX C
- - -

ROOT MEAN 3OUARF
PERCENT ERROR

LIFE 0 C',
PREDICTION C,

RATIO
SUMMARY
(NP/NA'

4...

4%

0.

----, , '-*.1*-.. . . , - ., .. .. . . . .... .. .. . _ . •. . . .
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CONDITION/HT: 1950F AC. 1325F SHIRS. FC TO 1150F. HELD 18HRS AC NCE
* FORM.:B 50"TH PLATE YIELD STRENGTH: 161. 1 KSI IBS

'~. SPECIMEN TYPE. CT ULT. STRENGTH: 198. 2 KSI
ORIENTATION: T-L SPECIMEN THK. 0. 490"
FREQUENCY: 0.67 HZ SPECIMEN WIDTH. 1. 996- 1. 998" INCONEL
ENVIRONMENT: .1000' F. AIR REFERENCES:H0015 718

* AK (MPA xIm) &K (MPA V/Th)
**4 10 40 100 4 10 40 100

00 0 \!!
STRESS RATIO * 0.05 I'STRESS RATIO

162_ __ _ __ _ _ 162

10' 101

1 o3  
- i 3

* * _102 10

4o' -4 _ _ __ _ __ _

E
10 100E

i~~ 10 --5 __ _ _ _ _ _ _ _

1010 jU

106

10-1 10-1
.7 -7

LW_____ 10______- 0 10 0

1 4 1 40 104 10 4 10

STRESS RATIO=10 STRESS RATIO =100

1d2 
1d_______-i2

P.. 10
10.1 10.1

3  101.213

0

>~~0- 10 2__ _-1 .

10 o3  10 E
- E

7 10__ _ 10 -

~100

10 -10F

10- -. 61

* 10.6110.

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

Figure 5.7-3.37

* 5.7-95
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TAIJLL 5.8.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.8.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INIO
CONDITION:

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

- . A B C I

E=+ 800F E=+1350F
:AIR AIR

A: 14.67 4. 32
DELTA K B 7.98 13 7
MIN C:

8.00 13 8
9.00 18 9
10.00 24 4
13.00 41 5
16.00 5. 39 5; 2
20. 00 10 0 84
25.00 1c. B

- A: 27.30 22.9
DELTA K B: 22. 70 105

MAX C:

ROOT MEAN SQUARE 3. 2 2 3
PERCENT ERROR

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

RATIO 0.8-1. 25
V., SUMMARY 1. 25-2 0

(NP/NA) "2 0

%" --

°I%
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-': CONDITION/HT: NI CK
FORM: YIELD STRENGTH: 169. 1 KSI BS
SPECIMEN TYPE. CT ULT. STRENGTH. 236. 5 KSI [
ORIENTATION SPECIMEN THK. 0. 401- 0. 500"
STRESS RATIO: -t0. 50 SPECIMEN WIDTH:
FREQUENCY: 0. 16 HZ REFERENCES:PWO0 IN100

* & K (MPA V,'R) AK (MPA V/m)
4 10 40 100 4 10 40 100

-' ENVIRONMENT: +860 .l 100oo ENVIRONMENT. +1350 F.
AIR AIR

10 162 0.

10.1101

103

- 0 10 -2

3 ~3 E

1010 E

-0 --- 1-- m0~

106
10~ 10.S

10 6 -06

*40 .o0 4 10 40 100

100 @ ENVIRONMENT: 100

1-2

10 10.1

e *10- 
3

l02 10-2

-4

lo 10- 3 E.

10'10-5
41 E

10 10-

16,

10 10

-- 1111 106 10 10-6

10 _40 100 1 4 10 40 100
dn, K K I n)AK (KSI ~T
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TAB3LE 5.8.3.2

* FATIGUE CRACK GROWTH RATES AT DEFI1NED LEVELS
OF STRESS INTENSITY FACTOR

DAIA ASSOCIATED WITH FIGURE5.8.3.2 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE IN10O
CONDITION:
ENVIRONMENT: +1100F, AIR

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

A B C D

R=-40. 10 R=+0. 30

A: 14.26 12.8
DELTA K B: 14.98 14.8E

MIN C:

16.00 16.7 19.6
210.00 31.7 43.3
25.00 55.3 74. 7
30.00 769 105.
35.00 97.8 138.
40.00 123. 176.
50. 00 : 2.289.
60. 00 :466.
70.00 :593.

A: 52.90 : 289.
DELTA K B: 72.77 601.

MAX C
D:

ROOT MEAN SQUARE 9. 12 21. 12
PERCENT ERROR

PREDICTION 0. 5-0LF 0. 8
RATIO 0.6B-1. 25

* SUMMARY 1. 25-2 0
(NP/NA) .12 0

5.8-
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% . 7- 7w ". --7 c -7 -7 lw

CONDITION/HT: NI CKEL
FORM: YIELD STRENGTH: 169. 1 KSI BASE
SPECIMEN TYPE. CT ULT. STRENGTH: 236. 5 KSI

* - ORIENTATION: C-R SPECIMEN THK: 0. 251- 0. 500"
FREQUENCY 0.03; 0.16 HZ SPECIMEN WIDTH: IN100

ENVIRONMENT: -411000 F. AIR REFERENCES:PW06

AK (MPA Vxrm) AK (MPA V'/*)
4 10 40 100 4 10 40 100

=00
STRESS RATIO -9.-0. 10 -STRESS RATIO .4-0 go

162 16i2

10.1 10

1 -

12 2

___ IIII1~ 10
44

10 -. 10

- 106
4 o5

10'6 10

10_ 1 100 0

100

1o0 10

1 4 0 0 0 14 100 10

102 10

- io'
10~

z0 3__ _ 3 E0

10

0o1

1o lo-,o-

10 4-060 0 1 4 10 40 10

lo-rc 5.83.

-6 6
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TAIBLL 5.8.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DAIA ASSOCIATED WITH FIGURE 5.8.3.3 INDICATING EFFECT

OF STRESS RATIO

-MATERIAL: NICKEL BASE - --IN10 - - - - - -- - - - - - - -- - - - - - -
CONDITION:
ENVIRONMENT: +f1200F, AIR

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

A B C D

R=+0.05 R=+0. 10

A: 15.48 : 7.64
DELTA K B: 24.21 :10.0

MIN C:

1600 63.62
20.00 26.2
2l-5.0 0 54. 9 10.6
30.00 : 74.2 15.5
35. 0 0 91.0
40.00 : 116.
50. 00 : 250.

A: 50.85 : 272.
DELTA K B: 30.86 :15.9

MAX C:

ROOT MEAN SQUARE 9. 69 7. 90
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

5.8-3
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.0.. CONDITION/HT: NCE
FORM: YIELD STRENGTH: 159. 1 KSI IBS
SPECIMEN TYPE: CT ULT, STRENGTH: 235. 5 KSI [
ORIENTATION: C-R SPECIMEN THK: 0. 108- 0. 825"
FREQUENCY: 0.33;20.OHZ SPECIMEN WIDTH.
ENVIRONMENT: -4-12000 F, AIR REFERENCES:.PWOO6IN10

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

'I 11111 I T''' I fil

STRESS RATIO -4-0.05 1 STRESS RATIO - -.o. 10

J.16i 2 - - _ ----- 10,

10

110

U
1 0  

-- 10

u10~ ~(

4-1

71
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TAIJLL 5.8.3.4

FATIGUE CRACK GROWTH RATES AT DEFIN4ED LEVELS
OF STRESS INTENSITY FACTORl

DATA ASSOCIATED WITH FIGURE 5.8.3.4 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE IN100
CONDITION:
ENVIRONMENT: +1350F, AIR

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

A B C D

. R=~+0.10

A: 14.62 : 60.0
DELTA K B:
MIN C:

D:

16.00 6 9.9
20.00 : 117.
25.00 : 217.
30. 00 378.
35. 00 : 623.
40. 00 : 977.

A: 42. 68 1221.
DELTA K B:

MAX C:
D:

ROOT MEAN SOUARE 11. 54
PERCENT ERROR

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

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

F:(NP/NA) ->2.o0

5.8-10
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CONDITION/HT: NICKEL
FORM: YIELD STRENGTH' 169. 1 KSI BS
SPECIMEN TYPE: CT ULT. STRENGTH:'235. 5 KSI
ORIENTATION: C-R SPECIMEN THK: 0. 248"
FREQUENCY. MIXED SPECIMEN WIDTH:

S ENVIRONMENT: -113500 F. AIR REFER ENCES:PW06 IN100

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

1000
STRESS RATIO 4-0.10 STRESS RATIO

102
101' 10-1

2 -2
102 10;

.44

33 E10' 10-

m 4 4
10- 10-

55
10. 10~

1068 118

1 4 10 40 100 1 41 0 40 100

I' I'I''I I I I'II0 0:. ~ I' II I I'
STRESS RATIO 10STRESS RATIO= 100

-2 - 10-1100

1103 101

-2210 10;

1 1644

-3 
3 E10 10-
E

44

1010' 1

1 6 o 6

10 AK (KSI AK (K(SI 40 100

igtilt eJ 3. 4

801
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FATIGUE CRACK (GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.8.3.5 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INI0
CONDITION:

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

A B C D

E=+ 30CF E=+ 50OF
:AIR AIR

A: 14.09 0917

DELTA K B: 14 5e .871
MIN C:

16.00 556 1.30
20.00 1. 42 3. 12
25-00 3. 59 6.47

A: 29. 38 6. 54
DELTA K B: 26.09 7.31

, MAX C:
D:

ROOT MEAN SQUARE 15.79 8.94
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

...

S0:I

!,-.S 1
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CONDITION/HT: ~T~F
FORM: YIELD STRENGTH:BS
SPECIMEN TYPE. CT ULT. STRENGTH.
ORIENTATION C-R SPECIMEN THK: 0. 500'
STRESS RATIO: +0. 10 SPECIMEN WIDTH. 2. 500" IN100
-FREQUENCY: 30. 00 HZ REFER ENC ESPW003

AK (MPA &~ K (MPA %1m)
4 10 40 100 4 10 40 100

ENVIRONMENT:~ 300 F. 100 @ ENVIRONMENT. + 5000 F.
AIR AIR

10 lo1

100

z10 101

10~ 10
c:10? 10? 3E

_ _ _ _ _ _0_ 4__ _ _ -0 104

Z 10 10 E

100 6 00 -

10-8
10 10

108 1 o IwL10

1-2 
1-2

1 0 1 - 11 0

10- 10*

__________ - 10

102 102

1 -4 10

3E10E

z 5_ _ _ 5 0
0 10

v10 lo'

* ~~~~-6__ _ _ _6 __ _ _ _ _ _ _ _

10 101

1 l -. 00s 10

1 6

14 10 40 100 1 4 10 40 100
6K (KSI \iTn) nK (K S 1 7fl

) ir .8. *
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TAULL 5.8.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* . DATA ASSOCIATED WITH FIGURE 5.8.3.6 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL EASE IN100
CONDITION:

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

A B3 C D

. E=+ 80OF E=+1100F E=+115OF
AIR AIR AIR

A: 16.43 : 3.2A
h' DELTA K B: 14. 26 :13.2

MIN C: 17.57 1J.
D:

16.00 16. 4
20.00 A.71 32_.2 22.2
25. 00 55. 4
30. 00 75. 6
35.00 96.8
40.00 :124.

* 50. 00 227.

A: 21.20 6.30
DELTA K B. 52.90 .279.

MAX C: 23.45 53.2B

ROOT MEAN SQUARE 22. 76 8. 93 10. 20
PERCENT ERRlOR

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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,'-o CONDITION/HT: [ NCEL
FORM YIELD STRENGTH. 169. 1 KSI BASE
SPECIMEN TYPE CT ULT. STRENGTH. 236. 5 KSI
ORIENTATION C-R SPECIMEN THK: 0. 250- 0. 500"
STRESS RATIO. -0-. 10 SPECIMEN WIDTH. IN100
FREQUENCY 0. 16 HZ REFERENCES:PW006

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

ENVIRONMENT: + 0 ENVIRONMENT -4-110--0
AIR 1 AIR

2 -2
10

1 010? 10

0 o
O-4_

ulo- 10s  z

1 - 10
4  10 .

2

010 10

101 101

z5

10 10

10 l o0 m

6 166

1 4 10 40 100 14 10 40 100
I I I ' .1 1 1 1 1 1 1

ENVIRONMENT: 
E @ EI

IRO .ENVIRONMENT 1

102 16

I10 10

Co3  lo 3
2

10 10'

103 3 10 
,

4O
t -110 10

1o -li
6  - 106 11-

10 100

Z 10.  
10

10.8  Io 1 8

1 4 10 40 100 1 4 10 40 100

AK (KSI %'in) AK (KSI n.fl)

* """.. i,- r * . -.- . .
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ilL-- 5.8.3. 7

FATIGUE CRACK GROWTH RATES ANT DEFINED LEVELS

OF STRESS INTENSITY FACTO)R

DATA ASSOCIATED WITH FIGURE 5.,.3.7 INDICATING EFFECT

OF FREQUENCY

MATERIAL: NICKEL BASE IN100
* CONDITION:

ENVIRONMENT: + 800F, AIR

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

A B C, D

F=" MIN HOLD F(HZ)= 0. 16 F(HZ)= 20. 00
TRAPEZOIDAL

A: 25.3'5 : 15. 9
DELTA K B: 16.43 :3.24

MIN C 12.40 :.919
D

13.00 :1.02
16. .00 :2.01
20. 00: 4. 71 4.58 .*~

25.00 :8.07
*30.00: 21. 4 13. 7

A 30.46 16.6
DELTA K 13 21.80 6.30

MAX c: 30.798 15.3
D

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

ROOT MEAN SQUARE 17. 0lt 22. 7 6 9. & 2
PERCENT ERROR

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

LIFE 0. 0-0 5
PREDICTION 0. 5-0 8
RATIO 0. B-1 25
SUMMARY 1. 25- 0
(NP/NA) 20
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CONDITION/HT ITEE
FORM. YIELD STRENGTH 169. 1 KSI BS
SPECIMEN TYPE: CT ULT. STRENGTH 236. 5 KSI
ORIENTAITION C-R SPECIMEN THK 0. 461- 0. 500
STRESS RATIO: -0. 10 SPECIMEN WIDTH: IN100
ENVIRONMENT: + 8000 F..AIR REFERENCES:PWO05

AK (MPA -\/mi) AK (MPA X./Th 1

4 10 40 100 4 10 40 100

'I'l100
FREQUENCY = 2 MIN. HOLD 10FREQUENCY (H z) -0. 16

10 TRAPEZOIDAL WAVEFORM -10 -

10 10

10 3-0

10 2 10'

-4 4

0u10 -10

7 105 10 z
1 71

106 . ____________ ___________

10 510

10 b 106

1 4 10 40 100 1 4 10 40 100
I I I ir ----I-TT I I III

FREQUENCY (Hz) =20.00 10 © FREQUENCY (Hz) s1

10 1

10 10

-2
Z10 10

10 10u

10 103 '

10 40 10 1

10f 106

1 0 , 10

43 10 40 100 1 4 10 40 100
tiK (K~I'T A K (K S) I7n

Ill)). ..
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TAULtL 5.8.3.8

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

- DATA ASSOCIATED WITH FIGURE 5.8.3.8 INDICATING EFFECT

OF FREQUENCY

MATERIAL: NICKEL EASE IN1O0

? CONDITION:
ENVIRONMEN: +1200F, AIR

- .- DELTA K DA/DN (I0**-6 IN. /CYCLE)

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

F=2 MIN HULD
TRAPEZOIDAL

A:
DELTA K B:

MIN C
D:

20 0 . 00

A:
DELTA K B.

MAX C
D:

ROOT MEAN SQUARE 0. 00
-- PERCENT ERROR

LIFE 0.0-0. 5
. PREDICTION 0, 5-0 8
,-. RATIO 0. 8-1 25

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

S::::

S..-

:!:!:8- 8

".0,-... - . .-- .. -
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CONDITION/HT. NI CKEL

* FORM YIELD STRENGTH: 169. 1 KSI BASE
SPECIMEN TYPE CT ULT. STRENGTH: 236. 5 KSI

* ORIENTATION. C-R SPECIMEN THK, 0. 440"
STRES RTIO .* 10 SPECIMEN WIDTH: IN100

:ENVIRONMENT -112000 F. AIR REFERENCES: PWO05

* AK (MPA V/T) AK (MPA ,/M)

4 10 40 100 4 10 40 100

100 I' I)

FREQUENCY 2 MIN. HOLD ~oFREQUENCY (Hz)

12TRAPEZOIDAL WAVEFORM 12 ____________ -
10lo* 101 -

10 3 10.1

1010 1 10 Q
u2 _

4 >1

160 - 10

10- 10 E
E

-. z 5 __ _ _ _ _ _ _ _

* lo-,- 10 -

4 .4
10- 10 r

-6 166 ________

10o 010

10-7 107

-66
10 lo

10-8 1 1 1 I 1 -1 1 i0 8  1 1 I ____

1 4 10 40 100 14 10 40 100

100

102 
102

lo~ 10

10 100

1o3  10,

S10 -

c10 3 103E

10 10 0-

106 10,

*~~~1 10 10-5JL.±.LL 0 LLLL

1 4 10 40 100 1 4 10 40 100
ZAK (KSI ,"n AK (KSI i~n

8 --- 1
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FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FAC1UP

DATA ASSOCIATED WITH FIGURE 5..~)INDICAiING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL DASE IN1QO
CONDITION:
ENVIRONMENT: + 600F, AIR

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

*A B C D

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

A: 13.48 : 1.06e
DELTA K B: 12. 10 :. 532

MIN C:

13.00 1.86
16.00 1.91 4. 13

*,20.00 : 4. 11 7.09
25.00 : 11.0 15.9
30.00 :42.5

A: 26.54 : 15. 2
DELTA K B: 31.05 :43.9

MAX C:

ROOT MEAN SQUARE 6. 66B 15. 29
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

* 5.8--0(

;7*
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9. CONDITION/HT :  NICKEL
FORM: 1.50"TH FORGING YIELD STRENGTH: 19. 1 KSI BASE
SPECIMEN TYPE: CCP ULT. STRENGTH: 236. 5 KSI
ORIENTATION: SPECIMEN THK: 0. 228- 0. 298"
FREQUENCY: 0.17 HZ SPECIMEN WIDTH: 0. 988- 1. 000 IN100
ENVIRONMENT: 8000 F. AIR REFERENCES:PW002

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

STRESS RATIO= -1.00 STRESS RATIO= -0. 50

102- l

10-- 10

103  1 03

10 2 10 2

-14 -4
z10 10

S105 5  Z

10 
.

-6 -1 6 -

100 10

1 0 
.  1 0 -

7  -
1 10

10I8 1.. 10-8 J141J ,, l,
1 4 10 40 100 1 4 0 40 100

1--T-rWT00h 10
STRESS RATIO 10 STRESS RATIO 10

1-2 1 21
10 _ 0

10- 101

102 10

1 10-3 10

Z 5 I-5 -
10 z

"'" 104 7D0
4

€

105 10,

10-  10.

101 10

",0 1 10 8 1 1 1 ]111 ,I 1 1 1 , 1,I, 10,8 , I, , I , l , -
" -6

104 1 40 100 1 4 10 *40 100
&~K (KSI 'i)fK(K I n

.-.- .-. -- --. -i- -- .- --- .. - .. . -. . -. . . - ,. ..- -• .- • - .- " , .-. .- " -- ,"%
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I13 LL 5.30.3.10

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DAIA ASSOCIATED WITH FIGURE 5.8.3.10OINDICATING EFFECT

or STRESS RATIO
-------------- ------------------------------------------------------------------------

MATERIAL: NICKEL BASE IN100
-. CONDITION:

ENVIRONMENT: 41200F,AIR
---------------------------------------------------------------------------------------

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

A 13 C D

R=-1.00 R=-0.50

-. A: 19.84 37.8

DELTA K B: 13.75 .11.9

MIN C:

16. 00 21.7
20.00 38. 5 40.9
2l-5. 0 0 / ,2. 4 73. 9
30.00 91.0 128.
35.00 : 132.
40.00 : 196.

A: 4298: 253.
DELTAK B: 33.24 1184.

MAX C:
D:

ROOT MEAN SQUARE 4. 79 9. 03
PERCENT ERROR

LIFE 0. 0-0. 53
PREDICTION 0. 5-0 8
RATIO 0. 8-1 2,5 11
SUMMARY 1. 25-2 0
(NP/NA) ~ 2 0
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'4:, CONDITION/HT ] I CKEL
FORM: 1.60"TH FORGINL YIELD STRENGTH b9. 1BASE

, SPECIMEN TYPE CCP ULT STRENGTH 23b. P rS

ORIENTATION: SPECIMEN THK 0. 299- 0. 309"
' FREQUENCY: 0. 17 HZ SPECIMEN WIDTH 0. 995- 1. 038' IN100
. ENVIRONMENT: - 1200" F. AIR REFERENCES PWO02

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

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

10 10
* .'. i__ --

102 
102

>1 4 --4
.. 10 - .o-- -lo 10 -

l 10 - oz

1.--~ 10s 1010 10-5

16o7  
-16

7

10*8 16..LJLLJ. ± o 8 1iiIh....LIIL...... 106
.- 1 4 10 40 100 4 10 40 100

STRESS RATIOs 100 D STRESS RATIO= 10
162 __, 162
10 o--1

10I 101 30

.. i. - - -- 10i --o 1 
.

102 10-

.- 2.2

S10

10 40 14

".-V -- 1 °

10 101

*.:-6 __ _ __ -_ O_--_ O

0o-10 .

10 10-5

- -- 6

...- Z - 10.  --

110-,1 0.4

SQ' 106 ~ ~ J ~j J -] 1 0 --i w±u~.

1 4 10 40 100 1 4 10 40 100

AK (KSI V)AK (KSI V'-iTh
iure 5.8. 3. 10

5.8-23

- .... . .
. . . . . . . . . . . . . . .. .. . . . . . . . . . . .
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TA3L- 5.8.3.11l

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* DATA ASSOCIATED WITH FIGURE 5.8.3.11INDICATING EFFECT

OF STRESS RATIO

* . MATERIAL: NICKEL B3ASE IN100
* . CONDITION:
* ENVIRONMENT: +l100FA1R

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

A B C D

. R=+0.860

A: 5.60 : 2.783
DELTA K B:

MIN C:

6.00 3.03
7.00 : 4.04
6.00. 5.61
9.00: 7.82
10.00 : 10.7
13.00 : 23.4

A: 1374 -27.2
DELTA K B:

MAX C:

ROOT MEAN SQUARE c?. 23
PERCENT ERROR

LIFE 0. 0-
*PREDICTION 0. 5-0. 6

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >20

5 .8-24
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CONDITION/HT N CE

FORM: 1.60'TH FORGING YIELD STRENGTH: 159. 1 KSI BS

SPECIMEN TYPE: CT ULT. STRENGTH. 236. 5 KSI

FREQUENCY. &L 17 HZ SPECIMEN WIDTH: 2. 503 IN100
ENVIRONMENT. +*12000 F. AIR REFER ENCES:PWO02

AK (MPA X/) K (MPA VIM)
4 10 40 100 4 10 40 100

nA I T'I 1111 0
STRESS RATIO= -l0. 80 lo @ STRESS RATIO

-d2 -62

10 1

10 10.1

102 102

z 0
10 0

10- 10 1

10. 10.

1 8  1-8

STRESS RATIO 10STRESS RATIO 100

d 2. 
1 02

10' 10

lo- 10102

10 10- E

*105- 10

10~ - 10-6i- 10'

-6 6

1 4 10 40 100 1 4 10 40 100
LK (KSI vTi LK (KSI V1 in)

Figure 5.8.3.11

5.8-25
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I b L 5.8.3.12

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE5.8.3.12 INDICATINC EFFECT

OF FREQUENCY

MATERIAL: NICKEL BASE IN100
CONDITION:
ENVIRONMENT: +1200F1 AIR

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

A B C D

F=10 MIN HOLD
TRAPEZOIDAL

A: 23. 5 2 : 509.
DELTA K B:

MIN C:

V 25. 00 : 616.
30. 00 1003.
35.00 1416.'.-

40. 00 1875.
50.00 . 3082.
60.00 5076.

A: 67.89 7719.
DELTA K B:

MAX C:

ROOT MEAN SQUARE 6. 81
PERCENT ERROR

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

RATIO 0. 8-1i 25 1
SUMMARY 1.25-2 0
(NP/NA) 2: 0

. . 6
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* . . . . .

CONDITION/HT NICKEL

FORM 1.60"TH FORGING YIELD STRENGTH 159. 1 KSI BASE
SPECIMEN TYPE CT ULT. STRENGTH: 236. 5 KSI

ORIENTATION: SPECIMEN THK. 0. 252"
STRESS RATIO: 0. 10 SPECIMEN WIDTH: 2. 504 IN100

.. ENVIRONMENT +12000 F. AIR REFERENCES.PWO02

AK (MPA /) AK (MPA )
4 10 40 100 4 10 40 100

FREQUENCY = 10 MIN. HOLD FREQUENCY (Hz)

0 TRAPEZOIDAL WAVEFORN 
102

K.10 1010. -l - 103---0

00 110

10 1010 2

. 1 0  10 10
E _- - 10.3 -- -- 10 3

z

-7 101 10 -5
1001 10

10 00

10 10-

1 10- 6 10

1 10 40 DO 4 10 40 100

© FREQUENCY (Hz) = 10 FREQUENCY (Hz) 10 '

2 2"__10-2 --

10- 10

10, 10. _ _ _ __1_ _ _ _ 1I

- - o.  - - O '10 10

E; 1 01- -3

0 10 106 Z

10 10

-" ____ 10
.4  

_ 101

" 10 0 10 -1

4'.0010 10 01-- 100 - -

1 4 10 40 100 1 4 10 40 100

- ""K (K SI K (KSI %'in)--
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TABLE 5.8.3.13

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DAIA ASSOCIATED WITH FIGURE5.8.3.13 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE INIO
CONDITION:
ENVIRONMENT: +1000FAIR

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

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

A B C D

R=+O. 10

A: 14.22 9. 13
DELTA K B:

MIN C:
D:

16.00 11.9
20. 00 17.6
25.00 24.6
30.00 33.2
35.00 45.8
40.00 65.2

A: 41.33 72.1
DELTA K B:

MAX C'
D:

ROOT MEAN SQUARE 2. 53
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

-5.8-28

..-. ,.u ts>tm2t at t.. .. .tC... t. .. t -
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*CONDITION/HT NI CKEL
FORM: 1. 60"TH FORGING YIELD STRENGTH 169. 1 KSI IBASE
SPECIMEN TYPE, CT ULT STRENGTH: 236. 5 <SI [
ORIENTATION: C-R SPECIMEN THK 0. 250'
FREQUENCY: 0. 17 HZ SPECIMEN WIDTH 2. 502 IN 100
ENVIRONMENT: +10000 F. AIR REFERENCESPW002

4 10 40 100 4 10 40 100
I 1 1 ' I i llI II il

STRESS RATIO = 10STRESS RATIO

10 110'

>' 100 10'

z _ __0_ _ 16 4 -

? 10

10 10 10 -

10- 010

10 -~10~

10 6 106

108 I iL 1J.LI L 1o 01 1F I I Ilai I l
1 4 10 40 100 14 10 40 10

©~~1 0 111
STRESS RATIO r10STRESS RATIO 10'

-2 102___ _ _ __ _ _ _

100
10~ 10

10o3  10-

102 c

10

~ 110

-~~ 10ic
100

10-h1

10 -10

1 0 10

10~ 108F I 1 1h I II [101i
1 4 10 40 101 4 10 4') 100

AK (KI l in) ,1 K (KSI l
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TAi3Lt- 5.8.3.14

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA A SSOCIATED WITH FIGURE 5.8.3.14 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE IN1QO

CONDITION:
ENVIRONMENT: +1200CF, AIR

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

A B C I

R t-0. 05 R -'0. 10

A: 14.03 4.32
DELTAKEB 1355: 3.94

MIN C
- D:

*16.00 : 4 75 4.92
20-00 :7. 10 e. 16
25. 00 : 12.6 15.2
30.00 : 20.9 25. 3
35.00 : 30. 8 36. 6

* .40.00 :46.6

A. 38. 78 3.
DELTA K P: 41.45 =49.0

MAX C.

ROOT MEAN SQUARE 12 71 17. 34
9 PERCENT ERR~OR

L IFr. 0. 0 -C cl
- . PREDICTION 0. 5-0 e,

- RATIO OR-1 5
SUMMARY 1. 25-2 0

* (NP/NA) C2
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CONDITION/HT: NICKEL

FOV 15"HFRIGYIELD STRENGTH: 169. 1 KSI BASE
SPECIMEN TYPE: CT ULT. STRENGTH: 236. 5 KSI
ORIENTATION: C-R SPECIMEN THK: 0. 247- 0. 442"
FREQUENCY- 20. 00 HZ SPECIMEN WIDTH: 2. 494- 2. 508 I10

-ENVIRONMF-INT -12000 F. AIR REFERENCES:PW002IN0

&K (MPA V/T) AK (MPA Vm-
4 10 40 100 4 10 40 100

~~~I I 'I 'I I fi llI'___ ~ 100 C
STRESS RATIO = -o0. 05 STRESS RATIO .0. 10

16212

-10.1 10.1

102 102
C))

10 10 10E-

lo -5 _ 10 -i 
5  

-

W 4 o-4 ~
v107 10 r

1 0- 5 1 6 6-

16 7- 1167

-6 106

101 10 0 ..1L.JI.I .. Ji.

1 4 10 40 100 1 4 10 40 100

© S~TSS ~ 10TI STES RATI Y 100

10-1 10.1

1 o3  -103

10- 33 E
10010

10_ __ _ __ _ 10 z

10' 1o 4

166 Z 166

1 F5 10-5

1-7 10 -

10 -6 10.6

-. 1 4 10 40 100 1 4 10 40 100
AK (KSI vr'Tn) AK (KSI V/7nh

Figure 5.8.3.14
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1AibLL 5.8.3.15

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE5.8.3.15 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE IN100
CONDITION:

* ENVIRONMENT: 41200F,AIR

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

A B C D

R=+0. 10

A: 12.89 : 6.16
DELTA K B:

MIN C:
D:

13.00 : 6.36
16. 00 : 12. 3
20.00 : 27.6
25.00 : 65.3
30.00 95.

A: 31.93 : 95.6
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 12.43
PERCENT ERROR

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

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

* ~..5.8-32
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CONDITION/HT: NICKEL

FORM: 1. 60"TH FORGING YIELD STRENGTH: 189. 1 KS! BASE
SPECIMEN TYPE: CCP ULT. STRENGTH: 23. 5 KSI
ORIENTATION: C-R SPECIMEN THK: 0. 296"

, FREQUENCY: 0.17 HZ SPECIMEN WIDTH: 0. 986 INIBO
ENVIRONMENT: .12000 F. AIR REFERENCES:PW002

AK (MPA &/) AK (MPA .V/m

4 10 40 100 4 10 40 100•1 1 1 1" 10 1 1 - 1 11 1 11 1 11

STRESS RATIO = -o. 10 10 STRESS RATIO =
.. 1-2 _ -02 __________ _______ _ -

10- 1 10

110 
10.1

-2 -2
10 10

* 4 -4
ulO10 U.

3  
I 

3 E
s..0 10 E
z 5

*-.-_ -+ -5 ________ ______ ____
70iiii 1 10 10

.10 _ 10

67 1-7
10- 7 1

-I- 6 10

1 4 10 40 100 1 4 10 40 10

STRESS RATIO= STRESS RATIO 10

10- 1 101

10 1  101

4 4

. 3- 10 -

-- 1 0 "2 _1 0 E
10 -

3 E
I I E

10.5  105 - Z

0-- 10 0 1-",. - 4 U . O4 10
10 - 10

5 5

1 7 - -7

010- 
6  10

10 -- 1

*l 10-e ,II ,....1...±.U4L .... I....LLJ ,I , - 10.8  I J, I, ljl 1IJ. , ~lj

1 4 10 40 100 1 4 10 40 100
AK (KSI vr'W) AK (KSI vrin)

Figure 5.8.3.15
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V.17

TABLEi 5.8.3.16

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
-9 OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.8.3.16 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE IN10O
CONDITION:
ENVIRONMENT: +1200FAIR

DELTA K . A/DN C1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R=+0.50O

A: 8.06 : 2.41
DELTA K B:

MIN C :

9.00 : 3.31
10.00 : 4.63
13.00 : 11.5 I

16. 00 : 23. 4
20.00 : 44.1

A: 22.91 : 58.3
DELTA K B:

MAX C:
0:

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

ROOT MEAN SQUARE 8. 04
PRCENT ERROR

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

RATIO 0.8-1 .25 2
SUMMARY 1.25-2.0
(NP/NA) >2.0

~ -~ 5.8-34

Downloaded from http://www.everyspec.com



CONDITION/HT: ICKE
FORM: 1.500TH FORGING YIELD STRENGTH: 159. 1 KSI IBASE
SPECIMEN TYPE: CT ULT. STRENGTH: 235. 5 KSI
ORIENTATION: C-R SPECIMEN THK: 0. 500- 0. 501"
FREQUENCY: 0.17 HZ SPECIMEN WIDTH: 2. 495- 2. 505"

.EN4VIRONMENT: -12000 F. AIR IN1RECE:P00

~** &K (MPA /T)AK (MPA v~
S.4 10 40 100 4 10 40 100

STRESS RATIO -@-0. 50 10 @ STRESS RATIO=

10- - 10

113 1 10F

102 1023

U 16 U

UO 10 10- 3 E

S., 
E

~10 y4 11i-4

10- U0

10- -10

1076 10.6

1 4 10 40 100 1 4 10 40 100

* TRS RTO=10STRESS RATIO 100

- 10 1 10.1

100 -2

_____ _____- 102102

c 103 1o3 EE

1070

166~ 1066

1 0- 51

-0F7 
10-7

10- 10 10

106 18 108 I Ill

1 1 41 0 40 100 1 4 10 40 100
AK (KSI v7'In A K (K SI -in)

Figure 5.3.3.16

5.8-35

Downloaded from http://www.everyspec.com



IAI3LL 5.8.3.17

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.8.3.17 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE INIOO

CONDITION:

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

A B C D

. E=+1300F E=+1350F E=-t1350F
AIR, 0. 17HZ AIR, 0. 01HZ AIR, 0. 17HZ

A: 20.20 : 39.0
DELTA K B: 27.86 :281.

MIN C: 14.68 :16.2
D:

16.00 :24.1
20.00 :53.3 6-
25.00 : 70.7 94.7
30.00 : 110. 322. 145.
35.00 : 153. 452. 216.
40. 00 : 197. 630. 329.
50.00 : 280. 1117.
60.00 :1699.

.4/A: 54. 45 : 313.
DELTA K B: 65.70 :2019.

MAX C: 41. 46 :375.

*. ROOT MEAN SQUARE 4. 36 6. 81 13. 97
* . 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

AIR 5.8-36
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CONDITION/NT: NICKEL
FORM: 1. BU"TH FORGING YIELD STRENGTH: 189. 1 KSI IBASE
SPECIMEN TYPE: CT ULT. STRENGTH: 2:38.5 KSI
ORIENTATION- C-R SPECIMEN THK: 0.253- 0. 502"
STRESS RATIO: +0. 10 SPECIMEN WIDTH: 2. 498- 2. 511IN0

FREQUENCY:REFER ENCES:PW002 N0

A K (M PA A/i AK (M PA V/_)
4 10 40 100 4 10 40 100

ENVIRONMENT: -13 0 lo \® ENVI1 8NMENT: -@-1356~ F.
AIR.0.17HZ 10AIR.0.01HZ

_ 1 - 10 - 1

10F1 101

io.2 -21

102 10

1104
s.103 .0-3E

10 -5 10
iao 16 1o 5

10- -0 10

~-6 1 6

1 4 10 40 100 1 4 10 40 10

~- ENVIRONMN -13 0r 100 ENVIRONMENT: 100
1I .2 1 7 H2

10 -010

,63 1 0F3

10-2 102

10 10 Z

5i Z 1o5  E

6 -6
107 1010

1 1io-s516

-7 -07

1 -66

10 10.6

181 4 10 40 100 1 4 10 40 100
AK (KSI VWm) AK (KSI v =m)

Figure 5.8.3.17
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TABiLE 5.8.3.18

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

DATA ASSOCIATED WITH FIGURE 5.8.3.18 INDICATING EFFECT

OF FREQUENCY

MATERIAL: NICKEL BASE IN100
* CONDITION:

ENVIRONMENT: +1200F,AIR

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

A B C D

F(HZ)= 0.01 F(HZ)= 0.17 F(HZ)= 20.00

A: 15.43 : 20.0
- DELTA K B: 13. 17 :7. 25

MIN C: 13.55 :3.94

16.00 : 21.5 16.9 4.92
20.00 : 36.9 35.3 8.16
25.00 : 69.8 82.0 15.2
30.00 : 120. 90.0 25.3
35.00 le18. 120. 36.6

40.00 : 274. 153. 46.6
500 492. 239.

60. 00 : 745.
70.00 : 996.
80.00 : 1214.
90.00 : 1378.

A: 91.39 : 1396.
DELTA K B: 57.6: 337.

MAX C: 41.45 :49.0

-SP ROOT MEAN SQUARE 11.27 9.73 17.34
~ - PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO 0.8-1.25 3 5 2
SUMMARY 1.25-2.0
(NP/NA) >.

5.8-38
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CONDITION/HT: E7F
FORM: 1.50"TH FORGING YIELD STRENGTH: 159. 1 KSI BS
SPECIMEN TYPE: CT ULT. STRENGTH: 235. 5 KSI
ORIENTATION: C- SPECIMEN THK:0.27 0.6 '
STRESS RATIO: --0. 10 SPECIMEN WIDTH: 2. 437- 2. 511"
ENVIRONMENT: +-12000 F. AIR REFER ENCES:PWO051N0

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

FREQUENCY (Hz) EL 01 -10FREQUENCY (Hz) 0.17
10 102

100 10

10,

-3 3________ -3 E_______

10- 5 105

4 -4 -7
10'_ _ -o 10-

6E

lo - oo

-6- _ _ OF"

1010

o.1 4 10 40 100 14 10 40 100

FREQUENCY (Hz) = 40. 00 FREQUENCY (Hz) 100

10- - 10

103 10-3

10~1- 10-2 2 _

3 E
E

0611 04
- o 10-

5.8-35
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I ABLL 5.8.3.19

FATIGUE CRACK GROWTH RATES AT DEFI1NED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE5.8.3.19 INDICATING EFFECT

OF FREQUENCY

MATERIAL: NICKEL BASE INIOO *
*CONDITION:

ENVIRONMENT: +1200F,. AIR

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

A B C D

*F=l MIN HOLD F=2 MIN HOLD F=10 MIN HOLD F=20 MIN HOLD
TRAPEZOIDAL TRAPEZOIDAL TRAPEZOIDAL TRAPEZOIDAL

A: 18.78 : 52.1
DELTA K B 15.61 e 8.6

MIN C: 19.39 :203.
D: 27.068 371.

16.00 :87.0
20.00 : 61.9 93.7 208.
25.00 : 144. 156. 347.
30. 00 315. 279. 703. 587.

-~35.00 559. 462. 1363. 1010.
40.00 : 785. 679. 2332. 1466.

*50. 00 :1006. 2555.
60.00 :4304.

A: 41.45 8 31.
DELTA K B: 50.80 :1018.

MAX C: 49.73 :4327.

AD: 67.35 :65 58.

ROOT MEAN SQUARE 6.62 15.60 7.60 10.06
PERCENT ERROR

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

L -RATIO 0.8-1.25 1 211
SUMMARY 1.25-2. 0
(NP/NA) >2. 0

'% 5.8-40
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CONDITION/HT. NICKEL

FORM: 1.80"TH FORCING YIELD STRENGTH: 169. 1 KSI BASE
SPECIMEN TYPE: CT ULT. STRENGTH: 23. 5 KSI
ORIENTATION: C-R SPECIMEN THK: 0. 250- 0. 856"

STRESS RATIO: 0. 10 SPECIMEN WIDTH: 2. 436- 2. 510"
.-"..' "'"" ENVIRONMENT: 12000 F. AIR REFERENCES:PW002

&K (MPA V/) 1AK (MPA -/0)

4 10 40 100 4 10 40 100

FREQUENCY = 1 MIN. HOLD 100 FREQUENCY = MIN. HOLD

1- TRAPEZOIDAL WAVEFORM 10-2 TRAPEZOIDAL WAVEFORM

10o 3 - 10
-

10' 10

_1 164 lO/

102i0

U/
10 __ 10"  -I."'- --~_ _ _ _ _ __ _ _ _ _ _ _ - 10"3- 103

10D -- -

1- 10.5  10.

10 - 10

1 06 106

...-. 1 4 0 40 10O0 1 4 10 40 1O0

" " 1i I 'I ' 'I I 'I 2FEUN Y 1 MIN. HOD 1
0 @ I ,11111I , ,,I 1_

FREUECY= 1MN.HL 10FREQUENCY = 20 MIN, HOLD 100

-2-- TRAPEZOIDAL WAVEFORM 1-2 TRAPEZOIDAL WAVEFORM

10 10-

10.1 10 1

1 0 F - 6 1 - -6

14 -- 10 0

zC' _ 10-4  
_____ 10E0

FR QU NC10-6 -- 1 MIN. --

S101 10

0- -7 10

i 106

10 10-

.(K1SI I, I I II L - 10- *** , I , III , I 1 I0,6
110 40 100 1 4 10 40 100

.. Figure 5.8.3.19 A KIvT

z
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° . °- . .. . . . . . .

.~~~1 10 5~*~~~*2~*

Downloaded from http://www.everyspec.com



1A~L5.8.3.20

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DA)A ASSOCIATED WITH FIGURF5.8.3.20 INDICATING EFFECT

OF FREQUENCY

MATERIAL: NICKEL BASE IN10O
CONDITION:
ENVIRONMENT: +1350F, AIR

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

A B C D

F=2 MIN HOL-D
*TRAPEZOIDAL

A: 12.93 . 105.
DELTA K B:

MIN C:
D:

13.00 : 107.
16. 00 : 293.
20. 00 : 776.

A: 21.29 671.
DELTA KB:

MAX C:
D:

ROOT MEAN SQUARE 13. 50
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

5.8-42
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9, CONDITION/HT:ICE
FORM: 1.50"TH FORGING YIELD STRENGTH.:159.1 KSI BS
SPECIMEN I YPE. CT ULT. STRENGTH. 236. 5 KSI
ORIENTATION: C-R SPECIMEN THK: 0. 435"

-~ SRESSRATI: .0 10SPECIMEN WIDTH: 2. 495"
ENVIRONMENT: -13500 F. AIR REFER ENCES:PW002

* A&K (MPA /T)AK (MPA \,/m)
*.4 10 40 100 4 10 40 100

19 1~

FREQUENCY =2 MIN. HOLD ' ~ FREQUENCY (Hz)
*1-2 TRAPEZOIDAL WAVEFORM 1 ____2__

10- 1

10' 10'

10- 10-

>o 1142

c 3 3~ E
10 10 E

010 -10

1076 10 40 m

108 j.1jljj -- 8 JJL JJJ ........ L.L.LLLII6
10

10' 10'

10 -610 .

4 10 ~ 40 100 ~ 4-04 0

1 777 io 3 7E 11 11-

10 1

10- 10

636 1 06

10 ~ 08 .LLL1J

1~1 40 10 4E 0 4 0

Fiur 5.83.2

105.8043 4 7
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TABLL 5.8.3.21

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* DATA ASSOCIATED WITH FIGURE 5.8.3.21 INDICATING EFFECT

OF FREQUENCY

MATERIAL: NICKEL BASE IN100
CONDITION:
ENVIRONMENT: *1200F, AIR

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

.A B C D

:F(HZ)= 0.17 F(HZ)= 20.00

A: 9. 26 a 17.5
DELTA K B: 4. 317 .367
MIN C:

5.00 :.600
6.00 :.977
7.00 :1.32
8.00 :1.68
9.00: 2. 11
10.00 : 19.5 2.69
13.00 31.8

A16.00 55.2

A: 18.16 : 84.6
DELTA K B: 17 4.46

MAX C:

ROOT MEAN SQUARE 6. 15 6. 64
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) "12. 0

5.8-44
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CONDITIONIHT: ~F
FORM: 1.60"TH FORGING YIELD STRENGTH: 169. 1 KSI BS
SPECIMEN TYPE. CT ULT. STRENGTH: 236. 5 KSI
ORIENTATION: C-R SPECIMEN THK: 0. 206- 0. 503"

STRESS RATIO: +0.80 SPECIMEN WIDTH: 2. 495- 2. 498" IN100
* .* .,ENVIRONMENT: 120F.ARREFERENCES:PW002

- .AK (MPA ,./) AK (MPA \ /m*)

4 10 40 100 4 10 40 100

FREQUENCY (Hz) 0. 17 10FREQUENCY (Hz) 20. 00

10F1
10 ~ 1101

o- 2 102

L) u
>1 -4 -64

i3  o3 E

~~110

1 io6 16

© 100 RQECY(z 100

110

10 U

110 -o I

10 2o
10 10

-6 16___ _ -)

100

10 o0 50.

16 166 0

P2~~1 10' 105L±.LLL.... 0 J iJj L.i

5.8-45
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TA14LE 5.8.3.22

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE IN100
CONDITION: PRESTRAIN
ENVIRONMENT: +1200FAIR

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

A B C D

R=+O.10

A: 11.89 : 2.42
DELTA K B:
MIN C:

13.00 : 4.10
16.00 : 16. 1

A: 19.36 : 34.1
DELTA K 9:

MAX C:

ROOT MEAN SQUARE 33. 86
PERCENT ERROR

-- - - - - - - - - - - - - - - - - - - - - - - - --.- - - - - - - - - - - -

LIFE 0.0-0.5
* PREDICTION 0.5-0.6

RATIO 0.8-1.25 1

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

5.8-4

Downloaded from http://www.everyspec.com



CNIINH:PRESTRAIN [NICKEL
FOM 1.80"TH FORGING YIELD STRENGTH.-159. 1 KSI BASE
SPCMN YE CCP UL.STRENGTH: 236. 5 KSI
ORIENTATION: SPECIMEN THK: 0. 288"

FREQUENCY: 0.17 HZ SPECIMEN WIDTH: 0. 722"
' 'ENVIRONMENT: +12000 F. AIR REFERENCES:PW002 IN100

&K (MPA v) K (M PA -,/ii)
4 10 40 100 4 10 40 100

STRESS RATIO -l-0. 10 10o STRESS RATIO

1010 10

1lo 10-

C) i06 1o4

10, 103 10 3 E

5 10

70 -6lo 10- -

o74 110

o7

* 7 -
* 10 _ _ _ _ _ _ 10 -

1 06 10 0-6

'S. ,08 LLJ..LLLLJ Li~Li~.L~i 10.8 .~L.L. J.LI
1 4 10 40 100 1 4 10 40 100

\V STRESS RATIO= 100 STRESS RATIO= 100

10 -010

101 1103
-2

io 3 - 10 - 1 0

4 .4

10 10-3 E
z E

161

10- 41

10~ -11

16 016106

Fiur 5..32

5.8-17
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TA13LE 5.9.3.1 ]
FATIGUE CRACK PROWTH RATES AT DEFINED LEVELSOF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.9.3.1 INDICATING EFFECT

OF FREQUENCY

MATERIAL: NICKEL BASE IN100 P/ M-G
CONDITION: 2050F 2HR OQ 1600F . 67HR AC, 1200F

24HR AC, 1400F 4HR AC

ENVIRONMENT: +120CF, AIR

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

A B C D

F=15 MIN HOLD F(HZ)= 0.01 F(HZ)= 0.33 F(HZ)= 20.00
TRAPEZOIDAL

A: 24. 49 463.
DELTA K B: 13.36 • 7.57
MIN C: 13.44 • 2.78

D: 15. 92 4.25

16.00 : 9.13 7.49 4.27
20.00 " 26.9 18..5 6. 16
25.00 : 485. 58.6 34.1 10.6
30.00 : 773. 87.5 49.2 17.4
35.00 : 1226. 114. 64.3 26.2
40.00 : 1915. 157. 81.4 35.9
50.00 : 4412.
60. 00 : 9530.
70.00 " 19994.
80. 00 40505.
90. 00 : 63096.

A: 97. 60 : 64557.
DELTA K B: 43.75 : 214.

MAX C: 46.90 : 112.
D: 46.70 47.6

ROOT MEAN SQUARE 31.42 15.26 17.71 24.67
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

5 --

5.9-2 I.;
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2050F 2HR OQ. iBOOF . 67HR AC. 1200F .

* CONDITION/HT: 24HR AC. 1400F 4HR AC IIKL
FORM: DISK YIELD STRENGTH. 156. 2 KSI IBS
SPECIMEN TYPE: WOL ULT. STRENGTH:.7. S
ORIENTATION: C-R SPECIMEN THK: 0. 500"

* STRESS RATIO: -o0.05 SPECIMEN WIDTH: 2.500" INI 00
ENVIRONMENT: .12000 F. AIR REFERENCES: PW004 P/M-G

&K (MPA -,/M) &K (MPA -\m
4 10 40 100 4 10 40 100

FREQUENCY = 15 MIN. 10FREQUENCY (Hz) 0. 01
-62 -HOLD -TRAPEZOIDAL -102

i0O1  10-1

1 O 31 0 2 l 31 0 2

>1 -4 -4

*10 100 '1

70~ 10 10

- 4  4o 7

1 08 1 16

1 4 10 40 100 114 10 40 100

© FTT~mT T I ® Tri-~Fmr
FREQUENCY (Hz) = 0.33 10FREQUENCY (Hz) =20.00 100)

10- -010

1 02 10-2

-44
U ci 10 1-

-3
S 10' 10-

mZ 10 z

10- a 10

-7 -5
10 - 10-

* 10-6 10o

1 4 10 40 100 1 4 10 40 100
&K (KSI V1Th &K (KSI Vln)

Figure 5.9.3.1
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ThbLL 5.10.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE5.10.3.1 INDICATING EFFECT

OF FREQUENCY

MATERIAL: NICKEL BASE NASA 1113 -7 P/M
CONDITION: 1650F 16HRS TO 200OF 1HR 00, 140OF 16HRS AC

>~ENVIRONMENT: +1200F, AIR

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

(KSI*IN**1/2)ABCD

F=15 MIN HULD F(HiZ)= 0.33
* . TRAPEZOIDAL

A: 13.30 : 315.
DELTA K B: 14.67 :4.87
MIN C:

16. 00 : 1303. 5. 96
20.00: 3593. 15.8
25. 00 : 6526. 35. 6
30.00 :10084. 60.3

-. 4.35. 00 :16495. 92. 6
40. 00 :30610. 137.
50. 00 :313.

A: 45. 79 :74742.
DELTA K 13: 51.24 :483.

MAX C:
D:

ROOT MEAN SQUARE 70. 69 16. 34
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0.8B

SUMAR 1.25-120
RUAO .25-2.20
(NP/NA) )2. 0

5.10-2
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CONDITION/HT. 1550F 15HRS TO 200OF lHR OQ. 140OF 16HRS AC NCE
FORM: 1.75'TH DISK YIELD STRENGTH: 208.65 KSI BASE

*. SPECIMEN TYPE: WOL ULT. STRENGTH: 257. 1 KSI
-: ORIENTATION: C-R SPECIMEN THK: 0. 500"

STRESS RATIO: -0. 05 SPECIMEN WIDTH: 2. 500" NASA
*.ENVIRONMENT: -112000 F. AIR REFERENCES:PW004IB7 /

AK (MPA -,/m) AK (MPA /Th)
4 10 40 100 4 10 40 100

6o 10 0
FREQUENCY is MIN. FREQUENCY (Hz) 0.:33

-62 TRAPEZOIDAT. + 102
10 -2

10.1 100

io2 - -2__ _ _

102 102

16 4 -4

10O 3 10-3 3E
1 105

100. 10' m

10- 1 1068

1 4 10 40 10 104 10 40.~.ij~ 10 6

100lo
FEUNY(Hz) 10FREQUENCY (Hz) =1

i10- 1 10. 1

10 10-

10~ ~10

:100 3 10- 3 E

* 4 4 o10' 100

1 0' 5 1 0-

.8~~ ~ ~ ~ 1o ll 6

10 4 10 4

- 1 4 10 40 100 1 4 1 40 100
AK (KSI -,/I) AK (KSI x/Th)

Figure 5.10.3.1
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TAI3LL 5.11.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.11.3.1 INDICATING EFFECT

OF 'NVIRONMENT

MATERIAL: NICKEL BASE RENE 95 (H&F)
CONDITION: 200OF lHR, SQ AT 1000F, 140OF 16HRS

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

A B C D

E=+ 1200F
AIR

A: 13. 5 8 2. 15
DELTA K B:

MIN C:
D:

16.00 : 4.36
20.00 10.4
25.00 : 17.9
30.00 : 29. 6
35.00 : 49.8
40.00 85.6

A: 45.70 : 141.
DELTA K B:

* MAX C:

ROOT MEAN SQUARE 16. 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) Z20

*1 5. 11-2
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NICKEL
F' CONDITION/HT: 200OF 1HR SO AT 1000F. 140OF 1HRS 17 ICKEL

FORM: 1.23"TH FORGING YIELD STRENGTH:171.0 KSI BASESPECIMEN TYPE: KB BAR ULT STRENGTH:
ORIENTATION C-R SPECIMEN THK: 0. 250"

FREQUENCY: 0.33 HZ REFERENCES:GE001 RENF9

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

O ENVIRONMENT: 12-- = ENVIRONMENT
AIR

10 -1 10

10' 3  1OF
102 102 E

4 4

10- 1010 .

Co 3  30 E

10 10

1 4 10 40 100 5 4 10 40 100

© ENVIRONMENT. 100--ENIRNMNT!00

102 -- 102 L
10 "  10-
10 102

10- 6 10

10 10 "-

ENIOMETioo ENIOMET

*~10 10 1*--

0I0- 10

-" - 1_ __,_ _1_ _ _ _ ,1-,6 _ _ _ _ I _ _ _I_, I _ _I 1_ _

.. . -o8 1 -6
1 4 10 40 O10 1 4 10 40 100

S5.1 1-3
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TAkRLE 5 .11.3. 2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.11.3.2 INDICATING EFFECT

OF ENVIRONMENT

~' MATERIAL: NICKEL B3ASE P/M RENE 95
CONDITION: 2080F 1HR AC, 1600F 1HR AC, 120OF 24HRS AC

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

(KSI*IN**1/2)

A B C D

E= R. T. E=+1200F E=+1200F

:LAB AIR, .33HZ AIR, .33HZ AIR, 5 MIN HOLD

A: 16.68 :.216
DELTA K B: 17.22 :.840

MIN Cl 28. 18 :59. 5
D:

20.00 :.394 2.61
25.00 : 1.60 7.67
30.00 : 5.29 13.8 103
35.00 : 11.8 19.9 250.
40.00 : 18.9 27.2 413.
50. 00 : 27. 6 54. 1 1093.
60. 00 :132. 2403.
70. 00 :4006.
80. 00 :8368.

A: 56.41 : 55.2
DELTA K B: 83.62 :192.

MAX C: 80.21 :8535.

ROOT MEAN SQUARE 24. 24 27. 95 7. 78
* 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: 2080F 1HR AC. 160OF 1HR AC. 120OF 24HRS AC NCE
'4 FORM: 2.50"TH DISK YIELD STRENGTH: 165. 7 SIBASE

SPECIMEN TYPE: CCP ULT. STRENGTH. 228. 6 KSI
ORIENTATION- C-R SPECIMEN THK: 0. 080'
STRESS RATIO: -- 0. 00 SPECIMEN WIDTH: 2. 000" P/M

* FREQUENCY: REFERENCES:GE008RNE5

*AK (MPA N/F &K (MPA -,/M)
4 10 40 100 4 10 40 100

- ENVIRONMENT: R. .. 10 ENVIlONMENT:--1200 F.
LAB AIR, .33HZ AIR. .33HZ

10- 10 1

10>3 10.3

10 10 1010

> -4 .4

100 31 E 0

. 5 5o

-6 -66 /________

10- -0 10

10- 6 10-

108 1 08

1 4 10 40 100 1 4 10 40 100

© ENVRONMENT- - 2 O 0 EVIRONMENT:~ j1
AIR. 5 MIN HOLOTIME 10 EVRNET 0

-62 1_________ 2

10- - 1

10.1 10-1

1_- 102

z. -4 160

10~ - 0
3 3  E

E

lo 100

*0 100-1

10- 10

10.6 106

O 10-8 1.±.L.a L±~.d 108 .. I iJJ j...~
1 4 10 40 100 1 4 10 40 100

AK (KSI ,/in) AK (KSI V~i)
Figure 5.11.3.2

5.11-5
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TAB3LE 5.11.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.11.3.3 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE P/M RENE 9?5
CONDITION: 20B0F IHR AC, 1600F 1HR AC, 120OF 24HRS AC

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

A B C D

* E=+1200F E=+1200F
:AIR, .33HZ AIR, 5 MIN HOLD

A: 15.06 :.236
DELTA K B: 24.968 107.
MIN C:

* .16.00 :.531
20.00 : 5.00
25. 00 : 20. 1 107.
30.00 : 44.5 406.
35.00 : 82.4

A: 36.31 96.2
DELTA K B: 33. 95 :2226.

MAX C:
D:

ROOT MEAN SQUARE 15. 59 28. 98
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 6

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

* 5.11-6
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CONDITION/HT: 208OF 1HR AC. 180OF 1HR AC. 120OF 24HRS AC
FORM: 2.50"TH DISK YIELD STRENGTH: 185. 7 KSI BASE
SPECIMEN TYPE: KB BAR ULT. STRENGTH: 228. 6 KSI
ORIENTATION C-R SPECIMEN THK: 0. 250"
STRESS RATIO: +0. 00 SPECIMEN WIDTH: 0. 800" P/M
FREQUENCY: REFERENCES:GE0B EN

- -.-. ,RENE 5

2- ':" AK (MPA Vim) AK (MPA N/- )

4 10 40 100 4 10 40 100

ENVIRONMENT: 12 0 - 100 o ENVIRIONMENT:-1200 F.

AIR. .33HZ AIR. 5 MIN HOLDTIME
-62 lO-2

10:'1 1-1

S310 10
. 3  Il i

1 02io
-2 -42-

. 10 10 - 10

10 -4

1O4  old _ -- -01010 3  10
. 3  E

10 5 - 10
. 5

--_---1

106  
16

4 14 1 10- 5 4100 
5

"'1%' 1 
. 6 F 0"

10. I 

6 

I , II, 1 1 FI 1 1 I F 'F1 T' TT -

ENVIRONMENT: 100 ENVIRONMENT: 1013

1 2 1-2

10 - 1 10.102  1

10 .  
1 0

-
-

-- -=lO3 l-3 "310 10-2
ZE
S-10" 10 5  Z

S - 10
-  10

. 3

-6"" 6-
.- 5- _E 0 5 _ 1 .

10 - 10
10 6  10-.

166 116
10;. - 5 _ -

o 10. 8  1II -1.I I - 108 I , I , II 1I i .J 1 --
1 4 10 40 100 1 4 10 40 100

Figure 5.11.3.3
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TAB~LE 5.11.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.11.3.4 INDICATING EFFECT

OF ENVIRONMENT

MIATERIAL: NICKEL BASE P/M RENE 95
CONDITION: 2080F 1HR AC, 1600F 1HR AC, 120OF 24HRS AC

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

A B C D

-. E=+1200F E=+1200F
:AIR - . 02NZ ARGON - .33HZ

A: 19.55 : 3.45
DELTA K B: 17.62 :1.29

MIN C:
D:

20.00 : 4.03 1.94
25.00 : 14.8 3.71
30.00: 33.9 5.95
35.00 : 61.3 9. 11
40.00 : 97.0 14.0

5,50.00 200. 35.3
60. 00 : 369.
70. 00 : 662.

A: 76. 15 : 948.
N DELTA KB: 51.58: 41.3

MAX C:
D:

ROOT MEAN SQUARE 11.36 24.59
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

L--'
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CONDITION/HT: 2080F 1HR AC. 18OF 1HR AC. 120OF 24HRS AC NICKEL
FORM: 2.50"TH DISK YIELD STRENGTH: 185.7 KSI BASE
SPECIMEN TYPE: CCP ULT STRENGTH: 228. 6 KSI
ORIENTATION C-R SPECIMEN THK 0. 060"
STRESS RATIO: 0. 00 SPECIMEN WIDTH: 2. 000" P/M
FREQUENCY: REFERENCES:GE08. GE004• 4-.'. RENE 5

* . AK (MPA /i)AK (MPA Vm)
4 10 40 100 4 10 40 100

111 11 1111 1 i lENVIRONMENT.:1 100 @- E N I 0'NME N T-- 120 F.
AIR -. 02HZ ARGON -. 33HZ

10 10-

10.2 102

-4

S10 1E
s:: 10

. 4
3 10

. 4
3

10 1z

1&66- ~ - 166

10 1 10

qy1 06 j 10 .6

10-8 I I1-8/ IJ W4/1,,1i1 WIwI ,IA

1 4 101 4 10 40 100

E RMT0ENVIRONMENT: 100

2 _ ___________-

10. - 10

162 -- 1 1 .  _621 -
101 10-

163  1 io3

10 10

-0 -6 10

10-6 -- 10 --

-E10 1 3 E

'D 10- 5 10- 5

610 -

@1 10 - 10"

5.11-9
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TAB~LE 5.11.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE5.11.3.5 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE P/M RENE 95
CONDITION: 210OF 1HR, SO AT 1000F, 1600F 1HR, 120OF 24HRS, AC

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

A B C D

. E=+1200F
: AIR

A: 12.70 : 2.95

DELTA KB:
MIN c:

13.00 : 3.24
16.00 : 6. 16
20.00 c? 97
25.00 : 17.0
30.00 : 31.2
35.00 : 58.7
40.00 : 110.
50. 00 : 179.

A: 56.60 : 708.

DELTA K B:

MAX C:

* ROOT MEAN SQUARE 24. 46
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

5.11-10
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.e CONDITION/HT: 210OF 1HR. SQ AT 1000F 15OF 1HR. 120OF 24HRS. AC NICKEL
FORM: 1. 00"TH DISK YIELD STRENGTH: 175. 1 KSII BASE]
SPECIMEN TYPE: KB BAR ULT. STRENGTH:
ORIENTATION C-R SPECIMEN THK. 0. 250"
STRESS RATIO: -0. 05 SPECIMEN WIDTH: 0. 00" P/M
FREQUENCY: 0. 33 HZ REFERENCES:GEOO1 RENE 95

AK (MPA v/m) AK (MPA "F')
4 10 40 100 4 10 40 100

ENVIRONMENT: "120" - 100 N ENVI ONME _ N1T:0,... 0. 2  AIR

1-2 12 _ __
010

"  10 - 1

-. 1* o-3 - 1o
3

- 102 2
10 1 0

;'' >
"  -4 1 -4 __________ _________

11 4 E6
C 10 10 E

,D10 - z

10 10

- 0 10--- __ 10-5  -- 10-5

... 0 7  -- 10-7 _-
6 -6

10.6 106
10 "8 I.,.. ,. 1,1L.. LUI - 10-8  1L LI 1 .1 L I IL -l

1 4 10 40 100 1 4 10 40 100

\-w - ENVIRONMENT: 100 @ ENVIRONMENT: 100I-2

-2 _______ _______ - 1 1 10--0 101 10>3

.1 102 _64 102

1- 3 100 -3

0 10 10 E
-z. 1 0 

4 
__ _ _ _ _ _ _1__ _ _ _ _ _--__ _ _ _ _ _ _ _ _

10_1 16

__ _ _ _ _ _ _ _ -6. 4
___1__ _"

. . 5 10

10- 
1

7

-7

10- 10.6

1,-. 10- 1 1- hill I I ,Ij 1.j1.la -

1 4 10 40 100 1 4 10 40 100AK' (K I K (KSI V/Tn)

A" K (KSI .,/'Th) Figure 5.11.3.5
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04 . W

lAiJLL 5.12.3.1

FATIGUE CRACK GROWTH RATES AT DEFIN4ED LEVELS
OF STRESS INTENSITY FACTOR

* DATA ASSOCIATED WITH FIGURE 5.12.3.1INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE WASPALOY
CONDITION:

DELTA KDA/DN (1O**- IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E=+1200F E=+1200F
AIR ARGON

A: 14. 91 : 5.71
DELTA K B: 3 3. 32 :18.2
MIN C:

16.00 : 6.28
20.00 : 9.44
25.00 : 15.3 .

* .30.00 : 22.6
35.00 : 29.8 21.9c
40.00 :29.8
50.00 :35.3

A: 35.27 : 31.0
DELTA K B: 59. 56 :42. 8

MAX c:

ROOT MEAN SQUARE 2. 05 9. 70
* PERCENT ERROR

LIFE 0.0-0. 53
PREDICTION 0. 5-0. 83

RATIO 0. 8-1. 25
SUMMARY 1.25-2.0
(NP/NA)>2)

Sj5. 12-6
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* CONDITION/HT.- NICKEL
FORM: YIELD STRENGTH: 154. 0 KSI BASE
SPECIMEN TYPE: CT ULT. STRENGTH: 199. 2 KSI
ORIENTATION- C-R SPECIMEN THK: 0. 250- 0. 452"
STRESS RATIO: -0. 05 SPECIMEN WIDTH: WASPALO)
FREQUENCY: 0. 33 HZ REFERENCES:PW008

* A&K (MPA V)AK (MPA Vmi
4 10 40 100 4 10 40 100

ENVIRONMENT: 100 ENVIFO ONMENT. 1#1200 F.
AIR ARGON

1-2 16_______ 2 _______ _ _________

10- 10

10'3 10'

12 -2
10 10;

>1 1.4 .4

l o - 1 0' 1 0 E
3E

z1 E

"a -5

10 10
41 4

10- 10-

-7

10 -6 1010

11 101 1 01

1 4 10 40 100 11 4 10 40 100

© NVROMENT: 10ENVIRONMENT- 100

-62 1_________ 2

100 10'

100 10-

-2 -210 1

-4 u

L) 16 o

10 1010

lo5 10-5

46 410- 10-

1iir6 1.:6

10 12-?
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TABLL 5.12.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.12.3.2INDICATINC EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE WASPALOY
CONDITION:

-.. ENVIRONMENT: + B00F, AIR

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

"-c (KSI*IN**I/2)
A B C D

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

A: 15. 16 1.67

-.-. DELTA K B: 16.44 1.37
MIN C: 21. 55 3.81

w: D::

2 16.00 . 2. 16
20. 0 4.87 5. 56
25.00 6.76 9. 24 5.56
30.00 14. 1 14. 5 8.66

35.00 23.3 13.7
40.00 23.2

A: 37.90 " 32.1
DELTA K B: 31. 61 18. 5

MAX C: 41.48 27.5

ROOT MEAN SQUARE 7.42 9.14 2.64

"-- PERCENT ERROR

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

,.-RATIO 0.8B-1. 2511

SUMMARY 1.25-2 0

(NP/NA) >2. 0

5.12-8
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CONDITION/HT: NICKEL 1
FORM: 1.50"TH FORGING YIELD STRENGTH: 154. 0 KSI BASE
SPECIMEN TYPE: CCP ULT STRENGTH: 199. 2 KSI
ORIENTATION: SPECIMEN THK: 0. 297- 0. 303"
F FREQUENCY: 0. 17 HZ SPECIMEN WIDTH: . 995- 0. 97" WASPALO)

.. )ENVIRONMENT: + 8000 F. AIR REFERENCES.PWOO1

"" A K (MPA m/T) AK (MPA /mi)
- 4 10 40 100 4 10 40 100

STRESS RATIO = -1.00 10 STRESS RATIO -0. 50

10 - 10

10 - 101

io-3  
- io -2  

02
10 10

lo 10 . 3  E

3E

100 10

S1106

-05  0 5

1 0 4  1-

1100
6  1106
100.

1 0 40 100 1 0 40 100

1001

STRESS RATIO = 0. 05 10 STRESS RATIO 100

10 - 1 - -

1010 
"3

-2- 2 0110I1.

102 10 2

-4 164 >1o,

u 1010

10 l10 "4

10-6 _ 0-6

010 .  10

.0 - _ __-- "_ _ - _ _ _ - 1 0 - 7 ---

1 106 110
6

. 108 I I, II ........I., L. I , jI - 10.  LjI .L I, I .. .IJ..J..LL . -I I

1 4 10 40 100 1 4 10 40 100
AK (KSI V') AK (KSI v ')

.igure 5.12.3.2

5.12-)

Downloaded from http://www.everyspec.com



I1
TAULL 5.12.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* . DATA ASSOCIATED WITH FIGURE5.12.3.3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE WASPALOY
* CONDITION:

ENVIRONMENT: +1 BOOF, AIR

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

A B C D

R=+0.50O R=+0. 80

A: 15.92 : 3.93
DELTA K B: 6.02 :.434
MIN C:

D:

7.00 :.765
83.00
9.00
10.00
13.00
16.00 : 3.96
20.00 : 5.93
25.00 : 10.3

A: 28. 39 : 14.8
* DELTA K B: 7.- 32 :.791

MAX C:
D:

ROOT MEAN SQUARE 2. 90 22. 36
PERCENT ERROR

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

RATIO 0.8-1.29 1 1
SUMMARY 1. 25-2. 0
(NP/NA) >-2. 0

5.12-10
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CONDITION/HT: NICKEL
FORM: 1.50"TH FORGING YIELD STRENGTH: 154. 0 KSI BASE
SPECIMEN TYPE: CCP ULT STRENGTH: 199. 2 KSI
ORIENTATION: SPECIMEN THK: 0. 300"

-. FREQUENCY: 0.17 HZ SPECIMEN WIDTH: 0. 995- 0. 998" WASPALO
8.ENVIRONMENT 0 800 F. AIR REFERENCES.PWO01

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

0 ) y

STRESS RATIO = -0. 50 PU STRESS RATIO +. 80
l-2 1-2

0 -- 010

010- 310.1
2 -2

10.2 103

u 10

Z 0
5  

- - 3 E
S ---- E

10
.  

_ _5 _ _ _ _ 10- --
1010 -5

S- -6o
10 -10

5
10. lo-

10 7 
1

310 -6 10. 6

108  I Il, 108  I I I I I 1 1 --
1 4 0 40 100 14 10 40 100

STRESS RATIO 10 STRESS RATIO = 10o

12 10 -2
1 - --- 10-1

10- 3  -1073

1-- 1010

1 -2 1 0-2

-- . 10.3 - 10 3 ;
- -4 u

10-6 - 106

c 10- 10 E
z

10- o z
.o74 101 01

iu e5 . . 5.

1 10

7-,

10.-6 10 06

1068E LL I .11111 1 1 J11111 - 168 1 jj1 j~ 1111111 .. 1 J I 1-111
1 4 10 40 100 1 4 10 40 100

AK (KS) vTi) AK (KSI in)

-) 'ir 512 . 3.
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1AIBLL 5.12.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.12.3.4 INDICATING EFFECT

" .- -1...
.4 . .

OF STRESS RATIO

MATERIAL: NICKEL BASE WASPALOY
CONDITION:
ENVIRONMENT: +1200F, AIR

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

. A B C D

R =-1.00 R=-0. 50 R-+o. 05

A: 11.63 : 2.52
_ DELTA K B: 17.29 - 7.33

MIN C: 23.34 • 11.6
D:

13.00 " 3.66
16.00 " 6.50
20.00 : 10.8 9.57
25.00 • 17. 1 11.4 13.6
30.00 " 25.5 20.4
35.00 : 29.6
40.00 " 44.8

A: 31.47 • 28.5
DELTA K B: 27.24 • 18.7

MAX C: 43.07 • 58.7

ROOT MEAN SQUARE 6. 60 9. 76 3. 65
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

.:..- . .

5.12-12
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CONDITION/HT. [ICE
FORM. 1.50"TH FORGING YIELD STRENGTH: 154. 0 KSI BASE
SPECIMEN TYPE: CCP ULT. STRENGTH: 199. 2 KSI
ORIENTATION. SPECIMEN THK: 0. 298- 0. 301"
FREQUENCY: 0. 17 HZ SPECIMEN WIDTH: 0. 997- 0. 998" WASPALO)
ENVIRONMENT: -12000 F. AIR REFERENCES:PW0O1

AK (MPA \/M) AK (MPA /i)
4 10 40 100 4 10 40 100

100-STRESS RATIO= -1.00 STRESS RATIO -0. 50
-il 2 _ _________ ________ _ lO2 - -_______ _________

102 10-

100 " 4
10

"
1

1 -F3 13

__ _ __ __ _-_- i 2  
- o 2

U

10 10>1 16 10.4 0

106  -106 -

10-7 -- 10--

--
1 10 6 ".6

-8 ._ , ,I , I ,I 1, 0-8 I I ,1 j J, , -

1 4 10 40 100 14 0 40 100

= STRESS RATIO = .. * ~ 1 TESRTO 100o

0- 1010

10 To

-1 1010 .  - 101

10"8 - -- 0-  ---

1" -- 10 40 1 °0 1- 1: 4IO410

STRES RAIO 10 .0. 05ZoSRSSRTO1

-2 10o 10

10-6 - 1063-
10 -___10

. 5  _ _10
-

10

10. - _0. 107 
3_ E

10 E

* ~ 108 I V , I II I1 -1 8 I I I1 11

1>

1 6 1__ __ 6

3-.3

. Fi ur 5.2. .

10 10

10-4 10.6 m

6108 1....L.±..U. .. i.66i o ...... ~l. ~ J j

m5.12-

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

- . .. *.
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.w 7. .; TV..

T~bLL 5.12.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE5.13.3.5 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE WASPALOY
CONDITION:
ENVIRONMENT: -41200F, AIR

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

A B CD

: R=+0. 10 R=+0, 55 R=+0. 80

A: 11.63 : 2.23
DELTA K B:

MIN C: 5.59 .994

6.00 :1.33
7.00 :2.07
8.00 2.68
9.00 :3.22
10.00: 3.84

- .13.00 : 3.36
16.00 : 6.69
20.00 : 12.4
25.00 20.4
30.00 : 26.4
35.00 : 42.4
40.00 : 66.1

* 50.00 : 95.8

A: 51.07 : 94.1
DELTA K B:

MAX C: 11.87 5.~72

ROOT MEAN SQUARE 13. 15 0. 00 7. 13
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0.8

RATIO 0.68-1. 25 2 1
SUMMARY 1.25-2.0
(NP/NA) >2 0

5.12-14
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iCONDITION/HT: NICKEL
FORM: 1. 60"TH FORGING YIELD STRENGTH: 154. 0 KSI BASE
SPECIMEN TYPE: CCIP ULT, STRENGTH: 199. 2 KSI
ORIENTATION: SPECIMEN THK: 0. 287- 0. 300"
FREQUENCY: 0. 17 HZ SPECIMEN WIDTH: 0. 973- 0. 998 WSPL
ENVIRONMENT: ~12000 F. AIR REFERENCES:.PW001 WSAO

4 10 40 100 4 10 40 100

STRESS RATIO -t-0. 10 =1SRSSRTO0~5

101

* 102 102

C.) .4

10 E
.5 __4_____

* 10, -5 --

100-z

*~1 1051
10~ 105

10'6 10- 6

1 4 10 40 100 1 4 10 40 100

STRESS RATIO 0. o loo10 STRESS RATIO = 10

100 21

U0 10.1

U

c o3

z 10 E
Z0 10___ 165~-

4

/ p107 
1- 4 7

101 10

10- -61
10.6 106

16.8  1111 1 1 fWill - 1078 1 ~ j L.±J1h.I 1 -4

1 4 10 40 100 1 4 10 40 100
~K (KSI~/T~h&K (KSI N'T7h

Figure 5.12.3.5
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TABLE- 5.12.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.12.3.6 INDICATING EFFECT

OF ENVIRONMENT

- -. MATERIAL: NICKEL DASE WASPALOY
* CONDITION:

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

A 13 C D

F=$ BOOF E=.+1200F E--+1350F
:AIR AIR AIR

A: 21.55 . 3.81
DELTA K B: 23.34 11.6

MIN C:

25.00 5.56 13.6
30.00 S. 866 20.4
35.00: 13. 7 29.8
40 00~ 23.2 44.8

A: 41.46 27.5
DELTA K B: 43. 07 :58. 7

MAX C:

ROOT MEAN SQUARE 2. 64 3. 65 0. 00

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. B
RATIO 0. 8-1. 25 11
SUMMARY 1.25-2. 0
(NP/NA) >2. 0

5.12-16
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CONDITION/HT:FT~F
FORM: 1.60"TH FORGING YIELD STRENGTH: 154. 0 KSI BASKEL

SPECIMEN TYPE: CCP ULT. STRENGTH: 199. 2 KSI BS

ORIENTATION SPECIMEN THK: 0. 301- 0. 303"
STRESS RATIO. -- 0. 05 SPECIMEN WIDTH. 0. 996- 0. 998 ASA1
FREQUENCY: 0. 17 HZ REFRENES:W0O

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

ENVIRONMENT: +8 0 0 ~ NIOMN:1200 F.
AIRAI

-62 1_________ _________ 2 AIR_______ 2_______

10- 10- 1

10.I 10.12

1003

100 10- E

10 5 -50 10 c

10-10

o7 7

10.6 10.6

10.8 108 10 1 0 4 0
14 10 40 104 100 10

ENVIRONMENT: -130 * 10EVRNNT0
AIR 10 NIONET o

102 102

C)10.2 10-2

-33 63

10- 10-2

zE
(C 164 4

V 10
-6 -63

10 10 10E

5 5
10 lo 10-

10 - 10

16 10 10

1 4 10 40 100 1 4 10 40 100
AK (KSI &K (KSI /T
v'T) Figure 5.12.3.6
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TAIULL 5.12.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.12.3.7 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE WASPALOY
CONDITION:
ENVIRONMENT: +1200F,AIR

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

A B C D

R=.+0.10 R=-+0.860

A: 16.66 : 1.93
DELTA K B: 6.75 :.761

MIN C:
D:

7.00: .801
83.00 :.947
9.00 :1. 10
10.00 :1.28
13.00 :2.43
16. 00
20.00 : 3. 98
25.00 : 7.43
30.00 : 11.0
35.00 : 15. 1
40.00 : 20.4

A: 42.06 23.2
DELTA K B: 14.64 3.92

MAX C:
D:

ROOT MEAN SQUARE 14. 93 7. 70
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) 20

5.12-18
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- CONDITION/HT:NCE
FORM: 1.80"TH FORGING YIELD STRENGTH: 154..0 KSI BS
SPECIMEN TYPE: CT ULT. STRENGTH: 199. 2 KSI
ORIENTATION- C-R SPECIMEN THK: 0. 300- 0. 500"
FREQUENCY. 20. 00 HZ SPECIMEN WIDTH: 2. 503- 2. 518" WAAL

.-.ENVIRONMENT: -112000 F. AIR REFERENCES:PWO01

&K (MPA -\/M) AK (MPA -\,/m)
4 10 40 100 4 10 40 100

STRESS RATIO= -l0.1 10 STRESS RATIO +.80S

10- 1010

S1 3 -103

1 - 10-2~

1 10
cU

10- -3 E
10 100 EzE

o -610________
10- -0 10

510- 10-1

10 -6- -7-

10.6 1068

1 4 10 40 100 1 4 10 40 100

STRESS RATIO= 0 STRESS RATIO= 0

106

101 10'

10- 21

10. 10.2

-4 -3
c1 - 10 3 E

10 E
z 5__ _ _ _ -1-

CU4 4~

*0 100-1

lo- 10~

1 OF 16

1 1 4 10 40 100 1 4 10 40 100
AK (KSI v~Tn AK (KSI V'in)

Fn-e 5. 12. 1

5. 1 2-11)
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TAiiLL 5.12.3.8

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

DAIA ASSOCIATED WITH FIGURE 5.12.3.8 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE WASPALOY
CONDITION:
ENVIRONMENT: +1350F,AIR

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

*A B C D

* R=+0. 10

A: 31.69 : 19.0
*A DELTA K B:

A MIN C:

35.00 . 4. 5
40.00: 39. 1
50.00 : 9.5
60.00 : 138.

A: 60.02 : 138.
A DELTA K 13:

MAX C:

ROOT MEAN SQUARE 11.96
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

4 5. 12-20
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'0 CONDITION/HT. fi~~~
FORM. 1.60"TH FORGING YIELD STRENGTH, 154. 0 KSI IBS
SPECIMEN TYPE: CT ULT. STRENGTH: 199. 2 KSI
ORIENTATION: C-R SPECIMEN THK: 0. 299- 0. 300"
FREQUENCY: SPECIMENWIDTH: 2.504- 2.511 WSPL
ENVIRONMENT: -13500 F. AIR REFERENCES:PWO01

AK (MPA ~/)AK (MPA \?i
4 10 40 100 4 10 40 100

10i 0
STRESS RATIO -o0. 10 USTRESS RATIO

10>1 10.1

1 o 3  631

10 2
-- 4

____ __3 - 3 E

10 10

z 
510- ia.55

10~1 L10-~1I 105 0 4 0

1 4 1 40 10

100-6

10;

0@ 0

SRS A!010 STES RAIO1

1 2 102

10-

10* 10-2

1 -d

10 10-1

10106

10 4 ..10- 108 coI.J.j. j

100 40 101 400 4 0

ZSK (KS I 'n) dAk (KSi in)
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TA13LL 5.12.3.9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.12.3.9 INDICATINC EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE WASPALOY
* CONDITION:

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

A B C D

* E=+ 80OF E=+1200F E=+1350F
AIR AIR AIR

*-A: 19.79 :1.24
*DELTA KB:
.1MIN C: 23.76 17.5

0:

20.00 :1. 29
25.00 : 2.69 19.0
30.00 4.53 22.5~
35.00 7.36 24. 1
40.00 103 25. 8
50.00 11.8 34.3

A: 57.73 21. 1
* DELTA K B:

MAX C: 5657. 474
D:

ROOT MEAN SQUARE 11.40 0.00 10.70
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

5. 12-22
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CONDITION/HT N CE
FORM: 1.80"TH FORGING YIELD STRENGTH: 154. 0 KSI IBS

-. SPECIMEN TYPE. CT ULT. STRENGTH. 199. 2 KSI
* ORIENTATION- C-R SPECIMEN THK: 0. 102- 0. 107"

STRESS RATIO: -10. 05 SPECIMEN WIDTH: 2. 493- 2. 505" WSAL
FREQUENCY: 0. 17 HZ REFERENCES:PW001

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

MY ENVIRONMENT:~ 100 loo ~ ENVI8NMENT: .1200 F.
AIR AIR

1210 -21

10.1 10.1

1- ioF3

10-2 10-2

> -4 -4
1lO 10 (

c10- 10- E

__ _ _ 50 5 zlo 00

100

10166

10-6 10.6

1 0- 1 0 -6 I

18 101 0 0 4 10 40 100

ENIOMN:ENVIRONMENT: 100
AIR

10 -1

-2 2_10 10 '

10 -~ 10 3 E
E

lo 101

*~1 - i'o-~10'

100 106

1 4 10 40 100 1 4 10 40 100
AK (KSI 6~hFue51.. K (KSI <n

A 5. 12-2
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FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
* OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE5.12.3.10INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE WASPALOY
CONDITION:

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

A B C D

E=+ Boor E=+ 800F
:AIR AIR
:SP.THK.=.104" SP.THK.=.296-

499"

A: 19.79 :1.24
DELTA K B: 17.25 :1.46

- ~ MIN C:

20.00 :1.29 3.33
25.00 : 2.69 6.27
30.00 : 4. 53 9.39
35.00 7.40 13.3

-4.40.00 10.3 19.0
-.. 50.00 11.6( 33. 1

A: 57.73 20.9
DELTA K B: 58.47 59.7

MAX C:

ROOT MEAN SQUARE 11.38 17.47
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

5.12-24
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~O- CONDITION/HT N CE

> I FORM. 1.50"TH FORGING YIELD STRENGTH: 154. 0 KSI IBS
SPECIMEN TYPE: CT ULT. STRENGTH:.199. 2 KSI [
ORIENTATION- C-R SPECIMEN THK. 0. 104- 0. 499"
STRESS RIATIO- -0.05 SPECIMEN WIDTH: 2. 485- 2. 505 WASPALO)
FREQUENCY: 0. 17 HZ REFERENCES:PWO01

AK (MPA ,/M) A~K (MPA X/m)
4 10 40 100 4 10 40 100

I~~~~~11 Z1111 1111 ll, '''
ENVIRONMENT:+ 800 . 100 '~J ENV114ONMENT F,80

AIR AIR

12 SP. THK. -. 104" 102 SP. THK. -. 298-. 499' _j

10o 101

1 1

10.2 10 2

10 
4

C_ _ _ 10 10 3-

E

z 5 5

1 0

10'- 106

108 01 4 U 4 0

Ic 10 114 i

168 lII I I' II 0 11 1 111 6

© ENVIRONMENT. 10 ENVIRONMENT: 100

1-2 
16_______ 2

10- 101

103 1013

1 o - 10.21~-2 2

0) 10
4 4

10,o 103E
E

z 0 5 _ _ _ 10-~ 5 z

-6 -6

10 104~

106 106

1 4 10 40 100 1 4 10 40 100
AK (KSI v'Th) Figure 5.12.3.10 AK (KSI vliTh
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7-7. .-

1M~bLL 5.12.3.11

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.12.3.11INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: NICKEL BASE WASPALOY

-CONDITION:

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

A B3 C D

* E=+ 800F E=+1200F
:AIR AIR

A: 20.94 : 2.96
DELTA K B: 16.66 :1.93

MIN C:
D:

20.00 :3.96
25.00 : 4.45 7.43
30.00 : 6.72 11.0
35. 00: 9.60 15. 1
40.00 : 13.3 20.4

A: 46.62 : 19.9
DELTA K B: 42.068 23.2

MAX C:
D:

-------------------------------------------------------------------------------------
-ROOT MEAN SQUARE 5. 52 14. 93
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

3. 12-26
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CONDITION/HT: iTEF
FORM. 1.50"TH FORGING YIELD STRENGTH: 154. 0 KSI BS
SPECIMEN TYPE: CT ULT. STRENGTH: 199. 2 KSI
ORIENTATION- C-R SPECIMEN THK: 0. 302- 0. 500"
STRESS RATIO: -0.10 SPECIMEN WIDTH: 2. 508- 2. 518 ASAL
FREQUENCY. 20. 00 HZ REFERENCES:PWO01 WSAO

AK (MPA Vm)T AK (MPA m%/)
4 10 40 100 4 10 40 100

ENVIRONMENT:* 8 0 lo 10 ENVI10 ONMENT.. 1200 F.
AIR AIR

-62 -2 ________ ______ __

10 V 10 1.

10.1 l

41 4

3 10 E

C100 10-c

-0 10 10

10- - 1o

10 16

101 10LLLJ.. 0 4

10 4-b4 10-

© ENVIRONMENT: 10 ENVIRONMENT:.10
2 1_________ 2

10-1 10

-. 2 -2 _

1 E0

E

0 o 10 5  z
V10- lo'

166

i~l - 10

106 10

* 10-8 68L..LL F.LL..LL - iii I.I.LLLLL
1 4 10 40 100 1 4 10 40 100

AK (KSI vn)AK (KSI VJm)v'~Th Figure 5.J2.3.11
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TAIiLK' 5.12.2,12

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.12.3.12 INDICATING EFFECT

OF FREQUENCY

MATERIAL: NICKEL BASE WASPALOY

CONDITION:
* ENVIRONMENT: +1200FAIR

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

*A B C D

*F(H-Z)= 0. 17 F(HZ)= 0. 33 F(HZ)= 20. 00

A: 17.60 : 6.23
DELTA K B: 29.22 :17.0

MIN C: 18.78 .3.64

20.00 . 8.79 4.36
25.00 : 13.4 7.38
30.00 : 19.4 18.6 10.6
35.00 : 31.4 27.4 14.6
40.00 :34.3 19.9
50.00: 49.5
60.00 B 2.0
70. 00 :169.

A: 37.21 : 40.8
DELTA K B: 76.26 299.

MAX C: 44.8E5 27. 2
D:

-- - - - - - - - - - - --.- - - - - - - - - - - - - - - - - - - - - - --4-

ROOT MEAN SQUARE 5. 03 8. 60 4. 94
PERCENT ERROR

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

RATIO 0.8-1.215 1 2

<K SUMMARY 1.25-2.0

5.12-29,
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. . . . .. . . . v F W2 - -... ... .

CONDITION/HT: NICEL
FORM: 1.50"TH FORGING YIELD STRENGTH: 154. 0 KSI BASE
SPECIMEN TYPE: CT ULT. STRENGTH: 199. 2 KSI
ORIENTATION: C-R SPECIMEN THK: 0. 432- 0. 753"
STRESS RATIO: -0. 05 SPECIMEN WIDTH: 2. 502- 2. 519" WASPALO)
ENVIRONMENT: +12000 F. AIR REFERENCES:PWO01

AK (MPA Vim) AK (MPA -/,/m)
4 10 40 100 4 10 40 100

I I I I 0il 111 ,111 f I 11F---

FREQUENCY (Hz) 0. 17 10 FREQUENCY (Hz) 0. 33
-2'10 _____10___-2 ______ _ ________

10 - 1 0

03  10 3

101

101 10 .

>1 .4 -4

Z 10 10

: 5 . __ ___10
. 4

_--____10_
4

16 -o6 _-________
10 -  10

I5

7 10" 10" - z
10-

IE-__ _16 __1-10o

10.6 06

108 I I, I l i I. ..I., I -8 I I II I ll,
1 4 10 40 100 1 4 10 40 100

FREQUENCY (Hz)= 20.00 10 FREQUENCY (Hz) 100
102_ 6

10 -1  _10-1

10i3  1 a3

-22"-" - 10 
.  10-

2

->f 1 .4  -10 4  -- >"11 2

S- 103 _ 1 .3 "

S10.5- 10 5  
-

106 .. 106
m 10-4

7 _ _ __ _ _ __10
"5 

__ -__ 10
. 5

101

106 10.6
-7ALLLI 167 ~-W~.J±..~WI

.-. 10

1 4 10 40 100 1 4 10 40 100
AK (KSI v/Tn) Figure 5.12.3.12 AK (KSI V/Tn)

5.12-29 p1
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TABLIE 5.12.3.13

FATIGUE CRACK GROWTH RATES AT DEFINFD LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED) WITH FIGURE 5.12.3.l3INDICATrING EFFECT

OF FRE.QUENCY
-----------------------------------------------------------------------------------

MATERIAL: NICKEL BASE WASPALOY
CONDITION:

A ENVIRONMENT: -.i200FAIR
------------------------------------------------------------------ 

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

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

(KSI*IN**1/2)
*A 13 c D

F(HZ)= F(VIZ)F(W
F=2 MIN HOLD F=5 MIN HOLD F~t5 MIN HOLD

*TRAPEZOI'DAL TRAPEZOIDAL TRAPEZOIDAL

A: 23.74 is 1I.

DELTA K B: 44.65 172.172
MIN C: 23.65 1.

25. 0 0 21.86 25. 1

30.00 : 39.5 71.6

35.00 634 145.

40.00 96.5 245.

50.00 2-15. 477. 563.

60.00 491. 361. 1195.

70. 00 1259. 2595.

(30.00 :5946.

A: 67.17 544.

DELTA K B: 713 46 2633.

MAX C: 84.43 B7149.

ROOT MEAN SQUARE 12. 50 10. 08 16.05

PERCENT ERROR~

LIFE 0.0-0 3

- . PREDICTION 0. 5-0.8
RATIO 0. 8-1.25 1 1 3
SUMMARY 1.25-2.0
(NP/NA) :2. 0

K 5.12-30
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CONDITION/HT: NICKELEGH:15.0 S
FORM: 1.80"TH FORGING YEDSRNT:140KIBS

*SPECIMEN TYPE: CT ULT. STRENGTH: 19g. 2 KSI
ORIENTATION: C-R SPECIMEN THK: 0. 315- 0. 422'

. r7ESS5 RATIO: -10. 05 SPECIMEN WIDTH: 2. 504- 2. 50WA9AL
ENVIRONMENT: *12000 F. AIR REFERENCES:PW01 WSA

AK (MPA v/W) &K (MPA -,/M)
4 10 40 100 4 10 40 100

100
-FREQUENCY = 2 MI1N. HOLD "' FHEQUENCY= 5 MIN. HOLD

-62 TRApFZOIDTl WAVEFORM, 1 62 TRAPFZOIDTl WAVEFORM

100

103 10-1

10 10l~
o 0

-4 4

10- 10o3 E
z E

7 10, 5 165 Z

- 10 10-4

1 05 10-

10~1 10 -6LJL - 0 j~Jj L

1 4 10 40 100 1 4 10 40 100
I ' 1~I ITTTI I 1001 4 I I 'II I I 'I'I'I

FREQUENCY 15 MIN. HOLD=10 @ FREQUENCY (Hz) 100

-2 TRAPEZOIDAL WAVEFORM -16
2

10 l -

* 101 101

- 0 3 310

10 E

10 10~ z
14 4

-6 - 106

100

17 
-67

10- 1010

1008 10.6 18

1 4 10 40 100 1 4 10 40 100
AK (KSI V/i) Figure 5.12.3.13 A K (K SI v/Th n

5.12-31
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FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.12.3.14INDICATING EFFECT

OF FREQUENCY

MATERIAL: NICKEL LASE WASPALOY
* CONDITION:

ENVIRONMENT: +1200F, AIR

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

A B C D

.F(HZ)= 0.01 F(HZ)= 0. 17 F(liZ)= 20. 00

A: 21.41 : 13.6
DELTA K B: 16.71 :7.03

*MIN C: 16.66 :2.24

20.00 :10.4 3.71
25.00 20.9 17. 1 7.90
30.00 . 31. 4 25. 1 11. 1
35.00 45. 6 33. 6 14.2
4000 69.D 41. 5 20.9

A: 45.95 127.
DELTA K B: 42. 17 44.6

MAX C: 42.08 26.1

ROOT MEAN SQUARE 6. 12 6.21 13. 97
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0.8
RATIO 0.6-1. 2 5 1 1
SUMMARY 1.2,9-2. 0

*(NP/NA) >.2 0

* 5.12-32
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0' 7 CONDITION/HT NICKEL
FORM 1.50"TH FORGING YIELD STRENGTH: 154. 0 KSI BASE
SPECIMEN TYPE CCP ULT STRENGTH: 199.2 KSI
ORIENTATION C-R SPECIMEN THK 0. 299- 0. 500
STRESS RATIO +0. 10 SPECIMEN WIDTH 0. 998- 2. 518" WASPALO
ENVIRONMENT: +12000 F. AIR REFERENCES:PWO01

AK (MPA T) AK (MPA X 7')

4 10 40 100 4 10 40 100

FREQUENCY (Hz) z 0.01 100 FREQUENCY (Hz) 0.17

* . 10 2 
10"

10 10

* ic 10 2

-4-4
c" 10 10-

s .... 3 7lo13 E

lo 10 z
_-4 

4_ 107Dl
10 10 - m

-;" Llol 6 56 _ o_ 5
10 7 107

106 -o 6

10.8 -  I I I I i I I I I1 - 10-8 II I , , -
4 10 40 100 1 4 10 40 100

© FREQUENCY (Hz) 20.00 10_-FREQUENCY (Hz) i o

-10 10

z 3  -3 -,.-,.-:.
10 110'

.)0-4 2

10
1 0

s 10- 10 3 E

z -lo ,  1.- 0 -  -- z

/ -7 10 -104

-6 =_ - 106

10 1

-6710 - 10

0106 10 6

S .-. 108 I 1, I, 1 1...1 ± l ,L - 10.8 1 1 1LI. I 1 l I -I-ll
1 4 10 40 100 1 4 10 40 100

AK (KSI nT Figure 5.12.3.14 AK (KSI -,in)

- )5.1 2-13

: --. ,-.-.." • -," . . . - -' .--..-- ,-- - -,- -'-'A --- ,----,-v- .--. ,
....................................................-...... ,,'" _ ",'-,",!'" .r''%'r - '''''''' ","..' "
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F,

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.12.3.15INDICATING EFFECT

OF STRESS RATIO

* MATERIAL: NICKEL BASE WASPALOY
CONDITIO1N: 185OF 2HRS, 1350F 6HRS(FINE GS, SMALL PRECIPITATES)

* ENVIRONMENT: R.T., LAB AIR

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

*A B C D

* R==+0. 10

A: 27.75 :1.09
DELTA K B:
MIN C:

D:

30.00 1.36
35. 00 2.76
40.00 4 56
50.00 . 10.7

A: 53.11 . 14. 5
* DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 4. 51
*~V. 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

* 5. 12-3.4

,7--.-
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CONDITION/HT. 1850F 2HRS, 1350F B5HRS(FINE GS. SMALL PRECIPITATES) FT~F
FORM: 1.18"TH BILLET YIELD STRENGTH. 145. 0 KSI BS

* SPECIMEN TYPE. CT ULT STRENGTH 249. 0 KSI [
* . ORIENTATION. SPECIMEN THK 0. 125'

FREQUENCY- 10.00 HZ SPECIMEN WIDTH 1. 250" WASPALO1
ENVIRONMENT: R.T..LAB AIR REFERENCES UC001

&~K (MPA N/Th) LK (MPA x/7)
4 10 40 100 4 10 40 100

STRESS RATIO -0. 10 STRESS RATIO
2 2

10- 10 -

32 3

10 1

10 10

10 164

io 3 100

140

10 ... L..Ljji I 10-8 I ii I
1~1 410401014 104 0

STES AIO=100 TESRTO 10

110

10.82
1 4 10 4 0 04 0

10 10

z~~1- 10___ 2__ _ 1~

u ~ 10 1
* - -4 -

10- 10

10 1
10~ 10-

60

~1 41040101 4 10 4 0

10 107

101
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TAIiLL 5.12.3.16

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DAS!A ASSOCIATED WITH FIGURE 5.12.3.16 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE WASPALOY
CONDITION: 185OF 'HR, 1600F 24HR(FINE GS, LARGE PRECIPITATES)
ENVIRONMENT: R. T. LAB AIR

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

*A B3 C D

* R-+Q. 10

A 2547:.2
DELTA K B:

MIN C:
D:

-.-. 3000: 2. 33
35 0: 4.39

-- 4000: 7. 12

A 45. 05 10.8
DELTA K B:

MAX C:
D:

* ROOT MEAN S~QUARE 3. 40
PERCENT ERROR

LIFE 0. c'- 5
.*' PREDICTION 0. 5--0 8

RATIO 0.8-1. 2 5
SUMMARY 1 .25- 2 0

* (NP/NA) ~ 20

5 .12-36

Downloaded from http://www.everyspec.com



* CONDITION/HT 1850F 2HR. 150OF 24HR(FINE GS, LARGE PRECIPITATES) ICKTELE
FORM. 1. 18"TH BILLET YIELD STRENGTH. 111. 5 KSI BASE
SPECIMEN TYPE CT ULT STRENGTH: 228. 0 KSI
ORIENTATION* SPECIMEN THK 0. 125"
FREQUENCY 10. 00 HZ SPECIMEN WIDTH. 1. 250" WASPL
ENVIRONMENT. R. T..LAB AIR REFER ENCESUC00 1

&K (MPA X/Th) Z2,1 (MPA Xfmh
4 10 40 100 4 10 40 100

STRESS RATIO -l0. 10 10STRESS RATIO

10 -102

10 10.1

10 3 10' 3

C10 E0

u 10~ 106
3v E

10O 10

10 10

10.0

1~1 41040101 4 10 4 0

10 -101 10

10-80.
1 4 104U0 04 0

U 10 10 -2U

10- 103

lo- 10-
-4 100

10 10
10~ 10o-

108' 10,8

1 4 10 40 100 1 4 10 40 100
LK (KSI vin) Fi ,ire 5.12.3.16 nK (K SI V~i n)

*~ 9.12 I
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TAjiLL 5.12.3.17

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 5.12.3.1INDICATING EFFECT

OF FR~EQUENCY

* MATERIAL: NICKEL B3ASE WASPALOY
CONDITION: 1675F 4HRS OG, 155OF 4HRS AC, 140OF 4HRS AC
ENVIRONMENI: +1200F, AIR

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

A BC D

F(HZ)= 0.33 FiZ)= 20.00

A 11.78: 2. 13
DELTA K B: 19. 24 3. 55

MIN C
D

13.00 2.88E
16.00' 5.02
20.00 8.34 36
25.00 12.9 6.37
30.00 18.0 9.75
35.00I 23.5 139
40.00 29.6 18.8
50.00 44.6 297
60.00 66.0
70.00 102.
60.00 191.

A: 39.65 . 450.
DELTA K B. 50. 41 :30.2

MAX C
D

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

~.. ROOT MEAN SQUARE 21. 40 14. 51
PERCENT ERROR

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

L IFE 0. 0-0. 5
PREDICTION 0. 5-0.8B

RATIO 0. 8-1. 25
SUMMARY 1.25-20
(NP/NA) --2. 0

* 5. 12-3

Downloaded from http://www.everyspec.com



* CONDITIONiHT 1875F 4HRS 0Q. 1550F 4HRS AC. 140OF 4HRS AC IIKL

FORM: DISK YIELD STRENGTHi 153. 7 KSI IBS
SPECIMEN TYPE: WOL ULT. STRENGTH: 199. 7 KSI
ORIENTATION: C-R SPECIMEN THK.' 0. 500"
STRESS RATIO. -0.05 SPECIMEN WIDTH: 2. 500" WASPALO
ENVIRONMENT: -12000 F. AIR REFERENCES:PW004

- - L&K (MPA &/h K (MPA N/m)

4 10 40 100 4 10 40 100

FREQUENCY (Hz) 0.33 FREQUENCY (Hz) 20. 00
-2

10 - 10

10~ 01

1010

10 101i0

10 3 10~ E
* E

4 -4

10-s 10-~

66

I-i. ______0_____ 11.611 10. 6

10 1 1 . ll tjJ. I I I I 10tI I II1 11 1 1 1 :
14 10 40 100 1 4 10 40 100

II I I ' 7 111
100 FRQECY(z@ 10

FEUNYH FREQUENCY (Hz) 1

10, 
d

110 10'

10I 12 -2
10 10

4 4
~10 -1

0_10 E
z 5__ _ _ _ _ 0
7? 1051

1 44

*~1 10'______________ 0

10 10

1 0' 10-6

10 ~ L11 10 J jjj JLL
1 4 10 40 101 4 10 40 100

AK (KSI v"Tn) Figure 5.12. 3.17 AK (KSI VYTn)

5.1 2-39
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I AIL~L 5.12.3.18

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

* DATA ASSOCIATED WITH FIGURE 5.12.3.18INDICATING EFFECT

OF FREQUENCY

MATERIAL: NICKEL BASE WASPALOY
CONDITION: 1875F 4HRS OG, 155OF 4HRS AC, 140OF 4H

RS AC
ENVIRONMENT: 41200F,AIR

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

*A B C D

*F=2 MIN HOLD F=5 MIN HOLD F=15 MIN HOLD
*TRAPEZOIDAL TRAPEZOIDAL TRAPEZOIDAL

A: 24.46 : 14.4
DELTA K B: 46. 10 :371.

MIN C: 24. 76 :14. 5
D:

25.00 : 15.9 15. 5
30. 00 : 33.8 47.5
35.00 : 59. 1 105.
40.00 : 92.8 191.
50.00 1 196. 443. 478.
60. 00 : 383. 938. 1008.
70. 00 : 734. 1069. 2007.
80.00 : 1410. 1951. 3939.
90. 00 :7765.

A: 81.37 : 1544.
DELTA K B: 82.36 :2.544.

MAX C: 95.27 11155s.

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

ROOT MEAN SQUARE 41.89 26.98 33.21
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICT ION 0. 5-0. 8

RATIO 0.8-1.25

(NP/NA) >2.

5.12-40
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~~IiI W-. -

~O2 CONDITION/HT: 1875F 4HRS OQ. 1550F 4HRS AC. 140OF 4HRS AC NCE

FORM. DISK YIELD STRENGTH: 153. 7 KSI BS
*SPECIMEN TYPE: WOL ULT. STRENGTH: 199. 7 KSI

ORIENTATION: C-R SPECIMEN WITH: .5
STRESS RATIO: -0.05 SPCMNWDH 2. 500" WASPALO
ENVIRONMENT: +12000 F. AIR REFERENCES:PW004

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

FREQUENCY - MTN. HOLD 'k'FREQUENCY =5 MTN. HOLD

* TRAPEZO IDAL WAVEFORM 10 TRAPEZOIDAL WAVEFORM

* 10- 10___ I- 101

1 0 1 0'3

4-
10 10

10 10 100

10 -10

4

1 0 10

1. 101

1010

1 0 4 0 10 40 100

lo1o @ o
FREQENC =_____ -1 MI.HLDFEUEC(

100

103 107-1

110

-3-
s 10 10iI IIi ii -1

104 1 4 0 14 1
itK -4 ruA

10 10,-
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TAT3L - 5.12.3.19

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

.i~* .~DATA ASSOCIATED WITH FIGURE5.12.3.19 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE WASPALOY
CONDITION: 201OF 2HR, 1350F 6HR(COARSE GS, SMALL

PRECIPITATES)
ENVIRONMENT: R.T. ,LAB AIR

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

*A B3 C D

* R=+0.10

A: 43.3: 1.29
DELTA K B:
MIN C:

D:

50.00 : 2.84
60.00 : 10. 1
70.00 : 20.3

A: 70.45 : 20.8
DELTA K B:

MAX C:
D:

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

ROOT MEAN SQUARE 13. 73
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

t . e-,5.12-42
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CONDITION/HT: 201OF 2HR. 1350F 6HRCARSE GS. SMALL PRECIPITATES) [TEf
FORM: 1. 18"TH BILLET YIELD STRENGTH: 95. 0 KSI IBS
SPECIMEN TYPE: CT ULT. STRENGTH: 230. 5 KSI
ORIENTATION: SPECIMEN THK. 0. 125

-FREQUENCY: 10. 00 HZ SPECIMEN WIDTH: 1. 250 WSPL
ENVIRONMENT. R. T. *LAB AIR REFER ENCES.LJCOO 1

&K (MPA V/ii) &K (MPA V'rn
4 10 40 100 4 10 40 100

\/-STRESS RATIO -t4-0. 10 10 kl-STRESS RATIO

-d2 __ _ _ __ _ _ __ _ __ _ _ _

10.1 10.1

12 10-2

> -4 -4
16O 10-

-rC10- lo-3  E
10~ E

10-4 10-

-6

10 -61-

8 o7  1 11il08LI il
16.. 1060 0

* .1 4 10 40 100 1 4 10 40 100

T 1 rIi ~ - 100 0ol
STRESS RATIO =STRESS RATIO =1

-d2 1 62

100

102 10.2
4) 4

1~o 07 10 m

10' 10

101 -

106 106

~ . 1 4 10 40 100 1 4 10 40 100
&K (KS1VIn AK (KS I 'in)

j Figure 5.123.19

5.12-41
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VJVO"

TA8LF-. 5.12.3.20

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE5.12.3.20 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: NICKEL BASE WASPALOY
CONDITION: 201OF 2HR, 16C0F 24HR(COARSE GS, LARGE

PREC IPITATES)
ENVIRONMENT: R.T. ,LAB AIR

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

*A 13 C D

* R=+0. 10

A: 30.90 .693
DELTA K B:

*MIN C:

35.00 : 1.66
4000. 3. 19
50.00 9.65
60.00 25. 5

A: 62.77 3 2. 9
DELTA K B:

MAX C:

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

ROOT MEAN SQUARE 7. 17
PERCENT ERROR

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

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0. 8-1. P5
SUMMARY 1.25-2.0
(NP/NA) >

5.12-44

Downloaded from http://www.everyspec.com



CONDITION/HT. 201OF 2HR. 150OF 24HR(CDARSE GS. LARGE PRECIPITATES) NCE
FORM: 1. 18"TH BILLET YIELD STRENGTH: 95. 5 KSI IBS
SPECIMEN TYPE. CT ULT. STRENGTH. 227. 5 KSI
ORIENTATION: SPECIMEN THK. 0. 125"
STRESS RATIO: 10. 00 HZ SPECIMEN WIDTH: 1. 250 WSPL
ENVIRONMENT: R. T. *LAB AIR REFERENCES: UC001

&K (MPA ,/m) AK (MPA \/m)
4 10 40 100 4 10 40 100

FREQUENCY (Hz) r+0*. 10 =100 @ FREQUENCY (Hz)

10 10~

10. 2 10-2

lo0 10 3 E
E

z 10 5______-1~ z

lo~
100

5

p&~ 1 -10 -

1 0 1 0

1 4 10 40 100 114 10 40 100

FREQUENCY (Hz) 100 FREQUENCY (Hz) 100

10 -10

10. 10.12

10'-
U 10;

E
10 lo 10E

10- 101

55
1 0 1 0

7 -7__ _ __ _

10.-6 10-6

10-i8  I I I ii.L....L.L ii10-8 I I,, 40 100
1 4 10 40 101 4 10 4 0

A(KSI L1T K (KSI v in)
AK Fi ure 5.12.3.20

* 5.12-45
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Table 5.13

REFERENCES FOR THE NICKEL BASE ALLOY DATA

60578 Inconel 718 Kc

Christian, J.L., Yang, C.T., and Witzell, W.E., "Physical and Mechanical
Properties of Pressure Vessel Materials for Application in a Cryrogenic
Environment," ASD-TDR-62-258, Part III, G-neral Dynamics/Astronautics,
December 1964.

88187 Inconel 718 KIc

"Inconel 718 Test Data of September 19, 1973," Shultz Steel Company,
South Gate, CA., September 1, 1973.

88579 Inconel 718 da/dN

"B-I Program da/dN Data for Aluminum Alloys," Rockwell International
Corporation; Memorandum to M.D. Moran from E.W. Cawthorne, Battelle's

Columbus Laboratories, April 3, 1974.

88700 Inconel 718 Klscc

Gilbreath, W.P., and Adamson, M.J., "The Stress Corrosion Susceptibility
of Several Alloys in Hydrazine Fuels," NASA Technical Note, Report
NASA TN D-7604, Ames Research Center, Moffett Field, CA., February 1974.

GEO0L Inconei '18 dadN
PM Rene 95 da, AN

Shanini, V- and Popp, H.G., "Evaluation of Cyclic Behavior of Aircraft
Turbine Disk Alloys," General Electric, Evendale, Ohio, Contract No.0 NAS3-20368, Report No. NASA-CR-159433, June 1978.

GEOO4 P/M Rene 95 da/dN

"Argon Environment Testing," Thermal-Mechanical Crack Propagation
Program; Data Sheets sent from M.S. Gilbert, General Electric Co.,
Evendale, Ohio, Contract No. F33615-77-C-5193, November 1980.

GEOO5 Inconel 718 da/dN

% "Fatigue Crack Growth Rate Data on Inconel 718 Using KB Bar Specimens
from the TF34 OTA Effort;" Data sent from M.S. Gilbert, General
Electric Co., Evendale, Ohio, October 1982.

GEOO8 rnconel 718 Ja/dN

P/M Rene 95 da/dN

Domas, P.A., "Crack Propagation Under Thermal Mechanical Cycling,"
General Electric Co., Aircraft Engine Group, Evendale, Ohio, Contract
No. F33615-77-C:-5193, '4ovember 1979.

HDO03 Inconel 600 la/dN

Tames, L.A., "Fatigue Crack Propagation Behavior of Inconel 600,"
International Journal of Pressure Vessels and Piping, Vol. 5, 241-259.

1977.

HDO05 Inconel 625 a/dN

James, L.A., "The Effect of Temperatures uoon the Fatigue Crack
ProDagation Behavior ,of Inconel 625," Report HEDL-TME 77-2, Westinghouse
Hanford Co., Richland, WA., March 1977.

HDOI5 Inconel 718 da/dN

James, L.A., "Fatigue Crack Propagation 18,havior of Thconel 718'
Report HEDL-TME 75-80 Westinghouse Hai. Co., Richland, '.A.,
September 1975.
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Table 5.13 (Continued)

- 'HDO16 Inconel 718 daldN

Mills, W.J., and James, L.A., "Effect of Heat Treatment on Elevated
Temperature Fatigue-Crack Growth Behavior of Two Heats of Alloy 718,"
ASME Paper 78-WA/FVP-2, December 1978.

,.' HDO17 Inconel 718 da/dN

James, L.A., "The Effect of Product Form Upon the Fatigue-Crack
Growth Behavior in Alloy 718," Journal of Engineerin4 Materials
and Technology, Vol. 103, 234-239, 1981.

PWOOI Waspaloy da/dN

Larsen, J.M., Schwartz, B.a., Annis, C.G. Jr., "Cummulative Damage
Fracture Mechanics Under Engine Spectra," Pratt and Whitney Aircraft
Group, Government Product Division, West Palm Beach, Fla., Report
No. AFML-TR-77-4159, January 1980.

PWO02 IN 100 da/dN

Larsen, J.M., Schwartz, B.J., Annis, C.G. Jr., "Cumulative Damage
Fracture Mechanics Under Engine Spectra," Pratt and Whitney Aircraft
Group, Government Product Division, West Palm Beach, FL., Report

"t "No. AFML-TR-77-4159, January 1980.

PWO03 Astroloy 901 da/dN
IN 100 da/dN
Incoloy 901 da/dN

Fatigue Crack Growth Rate Data on Titanium and Nickel Base Alloys from
B.S. Schwartz, Pratt and Whitney Aircraft Group, Government Product

" . Division, West Palm Beach, FL., July 1982.

PWO04 Astroloy P/M da/dN

IN 100 P/M da/dN
NASAIB-' P M -a, dr1

Waspaloy da/dN

Cowles, B.A., Sims, D.L., Warren, J.R., "Evaluation of the Cyclic
Behavior of Aircraft Turbine Disk Alloys," Pratt and Whitney Aircraft
Group, United Technologies Corp., West Palm Beach, FL., Contract No.
NAS3-20367, Report No. NASA CR-159409, October 1978.

PW006 IN 100 da/dN

Waspaloy da/dN

Fatigue Crack Growth Rate Data on Nickel Base Alloys from Pratt and
Whitney Al -ift Group, Government Product Division, West Palm Beach,

FL., July

RI006 Inconel 718 Klscc

Ferguson, R.R., Berrvman, R.C., "Fracture Mechanics Evaluation of
B-1 Materials," Rockwell International B-i Division, Los Angelos, CA.,
Contract No. F33657-70-C-0800, Report No. AFPL-TR-76-i37, October 1976.

ICOOL Waspalov da/dN

Lawless, B., et.al., "The Effect of Microstructure .n the FCP mnd

Overload Behavior of Waspalov at Room temperature, " Dept. of Materials
Science ind Metallurgical Engineering, nversitv of Cincinnati,
December 1q80.
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CHAPTER 6

ALLOY STEEL SECTIONS

6 Alloy Steel Mater Ji S ti; r ,-
6 1 AF 1,410

6 5 HP 9-4- 20
66 HP9-4-)0 (CEVM
"-"6 7 H- 9-4- '.5

6 9 HP 9-4-4

611 HY-
6 12 H y-80
S613 i'

14 0Ni Steel

6 15 2-9-2 (MAR)
6 1 6 1 2Ni-5Cr-3Mo
6 17 18i (180) MAR
6 18 18Ni (200) MAR
6 19 1N: (250) MAR
6.20 18Ni (280 MAR
6 21 18Ni (300) MAR
622 1 P,'i (350; MA

-.6 24 300M AM;

O M V A

• . 6 .'------------ - - -.-- - ' -.- - - ..
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L ~ TABLE 6.1.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.1.3.1 INDICATING EFFECT

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

-~MATERIAL: ALLOY STEEL AF1410
-~CONDITION: 1525F lHR AC, -100F lHR AC, 950F 5HRS

AC
ENVIRONMENT: R.T. LAB AIR

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

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

A BC D

R=+0. 02

A 3.68 .0513
DELTA K B

MIN C.

4.00 .0558
.5.00 .102

6.00 .167
7.00 .252
8l.00 .357

- .9.00 .465
10.00 .636
13.00 :1.24
16.00 . 2. 06
20.00 3.60
25.00 6. 16
30.00 : 9.49
35.00 . 13.6
40.00 18E. 5
50. 00 30. 7
60.00 46.1
70. 00 64. 7
80.00 636. 4
90.00 ill.
100.00 139.
130.00 240.

A: 152.63 : 334.
* DELTA KB:

MAX C.
D:

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

ROOT MEAN SQUARE 16. 40
PERCENT ERROR

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

* LIFE 0. 0-0. 5
PREDICTION 0. 5-0.6
RATIO 0 9-1. 25
SUMMARY 1.25-2. 0
(NP/NA) 2. Q

6. . 1-6. . . . . .
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CONDITION/HT: 1525F 1HR AC. -100F 1HR AC. 95OF 5HRS ACALO
FORM: 4. 25"TH ROUND BAR YIELD STRENGTH:209. 0- 222. 0 KSI IS EL
SPECIMEN TYPE: WOL ULT. STRENGTH: 243. 0- 247. 0 KSI

ORIENTATION: L-T 10 00 ZSPECIMEN THK: 0. 499 0. 505

--".ENVIRONMENT: R. T. *LAB AIR REFERENCES:MA 004A140

AK (MPA Vmh) AK (MPA -,/m)
4 10 40 100 4 10 40 100

- ~~~~100II''' if1'
STRESS RATIO -1& 02 STRESS RATIO

10- - 10

10' 10'

1044 _________

-3 3 E
10' 10-

z -5 Z E-

10 -1

10-10

16 166

101107 4 0 0 10 41 0 0

10 
- 10 -

10.1 10.1

1 4 102 40 10o1 0 0

1100

.2 . 2
10 _ _ __ _ __ _ 10-

17 o3  E

10 -10' io0 3

10 3 10

' 10, -5 10
100 1

1 0 -aJzW~i ~10-a~1~~WWJi WLJ0-

* 1-7
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TABLE 6.1. 3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.1.3.2 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL AF1410
CONDITION: 1525F 1HR AC, -10OF IHR AC, 950F 5HRS

AC
* . ENVIRONMENT: R.T. ,LAB AIR

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

A B C D

R=+0. 02

A: 5.79 :.117
DELTA K B:

MIN C:

6.00 .. 134
.7.00.233

8.00 .. 363
9.00: .525
10.00 :.71.7 .

13.00 :1.46
16.00 : 2.44

- -20.00 :4.07
23.00: 6.60
30.00 : 9.66
35.00 : 13.3
40.00 : 17. 5
50.00 : 28.1
60.00 : 42.0
7000: 60. 1
8000. 83. 1
90.00 . 112.
100.00 149.
130.00 : 320.

A: 135.83 : 368.
DELTA K B:

MAX C:

-----------------------------------------------------------------------------
ROOT MEAN SQUARE 13. 68

PERCENT ERROR
------------------------------------------------------------------------------------

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

RATIO 0.8-1.25 4
SUMMARY 1 . 2 5 -2. 0
(NP/NA) >.

* 6.1-8
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CONDITION/HT: 1525F 1HR AC. -10OF IHR AC. 950F 5HRS ACALO
FORM: 4.25"TH ROUND BAR YIELD STRENGTH: 211.0- 221.0 KSI STE

* SPECIMEN TYPE: WOL ULT. STRENGTH: 243. 0- 249. 0 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 498- 0. 506-
FREQUENCY: 0. 10- 30. 00 HZ SPECIMEN WIDTH: 2. 979- 2. 995" A11
ENVIRONMENT: R. T. *LAB AIR REFERENCES:MA004 A11

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

STRESS RATIO =--0. 02 -100 STRESS RATIO

102 - 102

-10-1 10-1

&L 10-2 -02

o 10 -10 - 1 -

c 3 o 3 E

-z 1

101 10

16 16

100 1 OF

*1 4 10 40 100 1 4 10 40 100

100

10.1 10-1

1 1F 1 7

10-2 -4
0100

3 3 E
10,10

z 5 5__ _ -6E__ _

10 -10

10 1010

10105

10 404 0 1 4 1040 10

6.1-1
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TABLFr 6.1.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.1.3.3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL AF1410
CONDITION: 1525F 1HR AC, -100F IHR AC, 950F 5HRS

AC
ENVIRONMENT: R.T. ,LAB AIR

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

*A B C I

* R=+0. 02

A: 3.95 :.06
DELTA K B: 5

MIN C:
D:

4.00 :.0906
5.00 :.164
6.00 :.194
7.00 :.237
8.00 :.322
9.00 :.452
10.00 :.633

* 13.00 :1.45
16.00 : 2.50
20.00 : 4.07
25.00 : 6.31
30.00 : 8.97
35.00 : 12.3
40.00 : 16.6
50.00 : 29.5
60.00 : 52.4
70.00 : 93.5
80.00 : 167.
90. 00 289.

A: 96. 86 : 395.
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. 8-1. 25 2
SUMMARY 1. 25-2. 0
(NP/NA) 2.0

6.1-10
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-7 .7 7.

CONDITION/HT: 1525F 1HR AC, -10OF 1HR AC. 950F 5HRS AC ALLOY9) FORM: 4. 50"TH ROUND BAR YIELD STRENGTH: 212. 0 KSISTE
SPECIMEN TYPE: WOL ULT. STRENGTH: 240. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 501
FREQUENCY: 0.10- 30.00 HZ SPECIMENWIDTH: 2.981- 2. 983"A11

-ENVIRONMENT: R. T..*LAB AIR REFERENCES.IVA004 A11

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

I II' lf I I I I I l . 1 1 1

STRESS RATIO = -0. 02 10STRESS RATIO

162 16i2

10' 110'

-10 .210

C.6 U

10 10 1E~

CUo-4 -4-
10010

166 16
10-1

1% ~6 16

1078 J
4 

j0j 7j~ 8 IJLJ 1
-- 1 4 10 40 100 114 10 40 100

12STRESS RATIO -_10 STRESS RATIO: 100

10-1 1.

io73  1 0-3
-2-- 10- 0

- . U
-1 4 1__ _ 4 > -

~ 10
E

z 05 1 io-5
10- 4.

6 _ _ _ _ 1 6 6

*~~17 10____ _____-1

10 1 76 1-6

168 1L.LL 1 10 40 100l
-r - 1 4 10 40 1001 4 10 0 10

*~*.:AK (KSI V'Tn) AK (KSI yTn)
Jb%. igure6.1.3.3

6.1-11
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TABLE 6.1.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.1.3.4 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL AF1410
-: CONDITION: 1525F 1HR AC, -10OF IHR AC, 950F 5HRS
* AC
ENVIRONMENT: R.T. SLAB AIR

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

-'.A B C D

R=+0-02

*A: 3.92 .071
DELTA K B: 6

MIN C:
D:

4.00 :.0762
5.00 .134
6.00 :.187
7.00 .242
6.00 .308
9.00 :.393
10.00 .513 '*~

13.00 1 123
16.00 2.37
20.00 : 4. 11

.b.25.00 : 6.47
30.00 : 9.07
35.00 : 12.1F
40.00 : 15.9
50.00 27.2
60.00 46.9
70.00 8 2.7
80.00 : 148.
90. 00 : 270.
100.00 498.

A: 110. 17 : 934.
DELTA K B:

MAX C:
D:

ROOT MEAN SGUARE 6.95

PERCENT ERROR

6 LIFE 0. 0-0. 5
PREDICTION 0.5-08
RATIO 0.8-1.25 2
SUMMARY 1. 25-2. 0

(NP/NA) D-2.0)
6.1-12
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CONDITION/HT: 1525F 1HR AC. -10OF 1HR AC. 950F 5HRS ACALO
FORM: 4.50"TH ROUND BAR YIELD STRENGTH:214. 0 KSISTE
SPECIMEN TYPE: WOL ULT. STRENGTH: 243. 0 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 500- 0. 505'

*FREQUENCY: 0. 10- 30. 00 HZ SPECIMEN WIDTH: 2. 983- 2. 984' F11
ENVIRONMENT: R. T.,.LAB AIR REFERENCESMA004 A1

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

12% IIII1 11-1 1' 1 J il

STRESS RATIO= -p0. 02 100 ~ STRESS RATIO

10-1 1011

102 -2
-_10 10 3

o U
> -4 4 _ _ _ _ _ >1___ _ _

U10- U

____10___5 1o-5 -

16 1106

1 0- 5 1 0-

-7 -710 - 10

168  1W07~ 8 JJj Jjj
1 4 10 40 100 114 10 40 100

STRESS RATIO:1 STRESS RATIO: 100

1*2 _ _ _ _ _ _-10-2

101
10 10-1

1 OF3 - 10

-2
_ _10 -20

101E

10 1

1o5 - 50

106 1 06

10-136
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TABLE 6.2.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* DATA ASSOCIATED WITH FIGURE 6.2.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL AF141O(VIM-VAR)
CONDITION: 1650F lHR WOQ 150OF 1HR WO, 950F 5HRS

AC

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

*A B C D

* E= R.T. E= R. T.
LAB AIR S. T. W.

*30HZ 1-30HZ

A: 8. 60 .409
DELTA K B: 13.62 :2.29
MIN C:

9.00 :.471
10.00 :.646
13.00 :1.34
16.00 : 2.28 3.40
20.00 : 3.68 5.49
25.00 : 6.39 8.40
30.00 :9.45 11.7

*35.00 : 13. 1 15. 4
40.00 : 17.2 19.8

*.50.00 : 27.3 31. 1
60.00 : 39.9 47.4

A: 65.69 : 48.3

DELTA K B: 62. 59 52. 7

MAX C:

ROOT MEAN SQUARE 4.866 9. 34
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) >20

6.2-2

Downloaded from http://www.everyspec.com



CONDITION/HT: 1550F 1HR WO. 150OF 1HR WQ. 950F 5HRS AC ALLOY
FORM: 1. 75"TH PLATE YIELD STRENGTH:234. 0 KSI ISTEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 248. 1 KSI
ORIENTATION, L-T SPECIMEN THK: 0. 997- 0. 998'
STRESS RATIO: -60.08 SPECIMEN WIDTH: 4. 940" AF 1410

-FREQUENCY: REFERENCES:R1001 CVIM-VAR

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

ENVIRONMIENT: R. .. 10 ENVIRONMENT. R.
LA13AI S. T. W.

162- 30HZ _ _ _ _ _ - 2 - 1-30HZ L ----------

-10.1 l10'

1 o 3  
-

.2 10'2

Q U

3 3 E
E

1 14140 0

1000

100

10.1 10OF

10-2 0'

1 4 10 4 0 0 4 0

10- 10101

3.~ Z 3

10u 1004
10'10 C

16 -6
10 1010

z1 E

10-

10F 10F10

1 4 10 40 100 1 4 10 40 100
AK (KS VIM)AK (KSI V7Tn)

Figure 6.2.3.1

6.2-3
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TABLE 6.2.3.2

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

DATA ASSOCIATED WITH FIGURE 6.2.3.2 INDICATING EFFECT

OF ENVIRONMENT

-MATERIAL: ALLOY STEEL --- AF141O(YIM-VAR) ----------------
* CONDITION: 1650F 'IHR WO, 150OF 1HR WO, 950F 5HRS

AC

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

A B C D

E=- 65F E= R. T. E= R. T.
: AIR LAB AIR 3.5%. NACL
30HZ 1-30HZ 1-30HZ

A: 11.30 :.684
DELTA K B: 9.31 : 575
MIN C: 15.28 :2.78

* 10.00 :.711
13.00 :.947 1.45
16.00 : 1.53 2.40 3.09
20.00 : 2.55 3.95 4.97
25.00 : 4.23 6.37 7.57
30.00 : 6.33 9.36 10. 5
35.00 : 8.85 13.0 14.0
40.00 : 11.8 17. 5 18.1I
50.00 29.3 29.5
60.00 :46.5 47.1
70.00 :71. 1 74.5
80. 00 :106.
90.00 :154.

A: 49.56 : 18.3
DELTA K B: 93. 58 :176.

MAX C: 70.51 :76.2

ROOT MEAN SQUARE 4. 10 9. 36 16. 05
* PERCENT ERROR

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

RATIO 0.8-1.25 1 3 2
SUMMARY 1.25-2.0

* (NP/NA) -'0

6.2-4
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CONDITION/HT: 1850F 1HR WO~. 150OF 1HR WO. 950F 5HRS ACALY
~D; FORM: 1. 75"TH PLATE YIELD STRENGTH: 234. 0- 240. 0 KSI

SPECIMEN TYPE: CT ULT. STRENGTH: 247. 8- 258. 2 KSI
ORIENTATION- T-L SPECIMEN THK: 0. 997- 1. 002"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 4. 940- 4. 950" AF1410
FREQUENCY: REFERENCES:RI001VI-A

AK (MPA V/m' AK (MPA V
4 10 40 100 4 10 40 100

ENYWONMENT: - 5 .ENVI ONMetNT: R. Y'1
10 LAB AIR-

-62 30HZ Z__ _ _ -2 1-30HZ __---------_

10 10

10-1 10.1

1 o 3  
-a

102 10.2~

id UI io~~~~~ 10 __ _ _ _- o I
Ei 10*3 - 0-

10 10,

10

10 107

10-6 10-

1 4 10 40 100 1 4 10 40 100

K .~ 00ENVIRONMENT: 100
10 2 1-30HZ12

10.1 10.1

10-2 10.2_

> -4 4 ________ U

(UU

-6 -3
10 1053

10-5 10-5

*~i- 'a 0 0 101 4 0 4 0

6-5

.. . . . . . .. - * - - - .- 5
.~* *

4
-~-

5
-

0
-- ~,- .; * .10

. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .
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TAB~LE 6.2.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WIT1H FIGURE 6.2.3.3 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL AF1410(VIM-VAR)
CONDITION: 1650F 1HR WG, 150OF 1HR WO, 950F 5HRS

-p...AC
---------------------------------------------------------------------------------------------------------------------

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

A 13 C D

E= ER. T. E= R.T.
: LAB AIR 3. 5% NACL
10-30HZ 1-30HZ

A: 8.368 .683
*DELTA K B: 19. 133 :5. 72

MIN C:

9.00 .035
10.00 . 1. 11
1300 2. 11
16.00 : 3.36
20.00 5.35 6. 00
25.00 : 8.40 8.95
30.00 : 12.1 12.9
35.00 : 16.6 18.9
40.00 : 22.0 25.5
50.00 : 36.1 37.8
60.00 : 56.1

A 68.03 77.7
DELTA K B: 56.41 52. 5

MAX C.
D

ROOT MEAN SQUARE 5. 74 12. 24
PERCENT ERROR

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

PREDICTION 0. 5-0.8B
RATIO 0.8-125 11
SUMMARY 1. 25-2. 0
(NP/NA) '2. 0

F 6.2-6
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*4 CONDITION/HT: 1550F 1HR WQ. 150OF 1HR WO. 950F 5HRS AC ALLOY
FORM: 1. 75"TH PLATE YIELD STRENGTH: 234. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 247. 8 KSI
ORIENTATION- T-L SPECIMEN THK: 0. 99e"

~STRESS RATIO: -0. 30 SPECIMEN WIDTH: 4. 940" AF1410
XFREQUENCY: REFERENCES:RI001 'VIM-A

&K (MPA &1 /h K (MPA -,/M)

4 10 40 100 4 10 40 100

_ENVIR NENT: R. .. 10 ENVI O8NMENT: R.
L? 1 3.5% NACL

-62 10-30HZ -2 1-30HZ
10 - 10

100 10F'

10' 10

10 10- 10 E

10 10

~- 10 74o
10-0

10- 1010

io-7

*1 4 10 40 100 1 4 10 40 100
I~~~ I'II IIIII f© ENVIRONMENT: 10ENVIRONMENT: 100

-10' 10-2

-2 
-

10 1101

s. 10- -0 3'. E

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

S10 
io

-~ - 10

10-5

1 OF 
10F7

10- 10 10

100 1 6

104 1 4 0 1 4 10 40 100

AK (KSI V'Th) AK (KSI V/ in
Figure 6.2.3.3
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TABLE 6.3.3.1 

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.3.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL A286

CONDITION: 1800F, 0. 5-1. OHR, WQ, 1325F, 16HR, AC

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

A B C D

E= R. T. E=+ 600F E=+ 80OF E=+1000F
:LAB AIR, 3HZ AIR, .67HZ AIR, .67HZ AIR, .67HZ

A: 14. 92 .474

DELTA K B: 15.66 1.70
MIN C: 15.62 2.39

D: 15.26 3.96

16.00 .650 1.84 2. 57 4. 66
20.00 1.59 3.94 5.01 8.86
25.00 3.43 7.96 9. 68 14. 7

30. 00 6. 09 13. 9 16. 7 21. 6
35.00 9.79 2 -2 . 2 26. 6 30. 5
40. 00 14. 9 33. 8 40. 1 42. 8
50 00 31. 5

A: 53. 63 41.2
DELTA K B: 48. 91 66. 5

MAX C. 48.76 75.7
D: 49. 18 82. 1

ROOT MEAN SQUARE 4. 21 3. 95 4. 12 2. 90
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

S6.3-2
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CONDITION/HT: 1800F. 0. 5-1. OHR. WO. 1325F. 18HR. AC ALLOY
FORM: 0. 50"TH PLATE YIELD STRENGTH: 100. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH. 159. 5 KSI
ORIENTATION- L-T SPECIMEN THK. 0. 484- 0. 487"

"'STRESS RATIO: -*0. 05 SPECIMEN WIDTH: 1. 997- 2. 001"
FREQUENCY. REFERENCES: H005 A285

&K (MPA &/) K (MPA \/Th)
4 10 40 100 4 10 40 100

ENVIRONMENT: R.I. 100 @ ENVI O8NMENT:. , F
LAB AIR. 3HZ AIR, .67HZ

102 102

- 10-1 10-1

3~ 0.2

-2 -- 2-0100 10-

10~ 10E

1010z

-6 71-
101 106

10 - 0

-7 .7

1 o6 10.-6

106 L±..L.~ij 8 J~lj10
1 4 10 40 100 11 4 10 40 100

ENVIRONMENT4 80F 100 ENVIRONMENT: 4-1000. 100
AIR. .57HZ Z AIR. .87HZ

-62 1-2

10 101

10-1 10.1

1o i00333

m) 1
loF4 4

r71 107
1o-5

106

101 10

1 4 10 40 100 1 4 10 40 100
AK (KSI vi)A K (K SI V1 7n

Figure 6.3.3.1
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TAB3LE 6.3.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.3.3.2INCTNGEFT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL A26
CONDITION: 18O0F, 0. 5-1. OHR1- WO, 1325F, 16HR, AC

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

A B C D

E= R. T. E=+ 600F E=+ 800F E=*1000F
:LAB AIR, 3HZ AIR, .67HZ AIR, .67HZ AIR, .67HZ

A: 1519. .638
DELTA K B: 16.25 2.02

MIN C: 16.59 1.93
D: 15.69 6.04

16.00 . .785 6. 12
20.00 1.82 3.69 3. 54 9.69
25.00 3.86 7.06 6. 89 15. 7
30.00 6. 76 12. 3 11. 7 24. 1
35.00 10.5 20.3 16.3 36.2
40.00 : 15.0 32.3 27. 5 53.5

-. 50.00 76.6 57. 6

A: 45. 10 20. 4
DELTA K B: 52. 49 94.0

MAX C: 54.51 :78.9
D: 46. 72: 104.

ROOT MEAN SQUARE 4. 62 5. 51 6. 21 3. 93

PERCENT ERROR

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

RATIO 0.8-1.25 1 11
SUMMARY 1. 25-2. 0
(NP/NA) >2.0

* 6.3-4
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CONDITION/HT: 1800F. 0. 5-1. 0HR. WQ. 1325F. 15HR. ACALO
9FORM: 0. 50"TH PLATE YIELD STRENGTH: 100. 0 KSISTE

SPECIMEN TYPE: CT ULT. STRENGTH: 159. 5 KSI
ORIENTATION- T-L SPECIMEN THK: 0. 485- 0. 488"
STRESS RATIO: ~-0. 05 SPECIMEN WIDTH: 1. 999- 2. 002"A8
FREQUENCY: REFER ENCES:HD10065

&K (MPA -,/) &K (MPA -N./m)
4 1C6 40 100 4 10 40 100

ENVIRONMENT: R. 4.. 100 ENV1404 INET So80 F.
LAB AIR. 3HZ AIR. .57HZ

1-2 
1_________ _________ 2 _ _______ _________

10- - 10

10' 100

-2 -2
10 1

4 -4

1lO 100

E
100 *

4 107

10- M1

I7-5 106

101 40 10 40010

14 10 40 100 4 10 40 100_______

- ENVIRONMNT- 860 * 100 162 ENVIRONMENT: -1000 F. 100

162 -AIR. 87HZ 62 -AIR. .7HZZ

101 0-

10.1 -
10'

olO 10

z 5 -5Z

10 10
10 100

10- 1010

.6 1 6
*~ 108 L10WWL 0 ~ WL LLL1

1 4 10 40 100 1 4 10 40 100
A K (K SI 'n) AK (KS1 V/7Th

Figure 6.3.3.2

Downloaded from http://www.everyspec.com



TABLE 6.3.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELt-
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.3.3.3 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL. ALLOY STEEL A286
CONDITION: 11300F, 0. 5-1. OHR, WO, 1325F, 16HR, AC

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

A B CD

- - E=+1000F
AIR

- A:

DELTA K B.
MIN C:

D:

200.00

A:
DELTA K B:

MAX C:
D:

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

ROOT MEAN SQUARE 0. 00
PERCENT ERROR

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

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

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

6.3-
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CONDITION/HT: 1 800F. 0. 5- 1. 0HR. WQ. 1325F. 15HR. ACALO
FORM: 1. 50"TH ROUND BAR YIELD STRENGTH: 135. 4 KSIITEL

0SPECIMEN TYPE: CT ULT. STRENGTH: 168. 3 KSI
ORIENTATION- R-L SPECIMEN THK' 0. 290"
STRESS RATIO: -40. 05 SPECIMEN WIDTH: 1. 153"A8
FREQUENCY: 0.567 HZ REFERENCES:HO0 A8

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

ENVIRONMENT: +1 0 * 0 ENVI40 ON1MENT.
AIR

1-2 1-2 ______ __

10 - 010

10-2 10,2

1 -4

10.2 12

-5 5 0

id 6~ 166E
Z- _______ 10 50

~~10

11 OF

10, -010

10.

1 4 10 40 100 114 10 40 100

© ENVIRONMENT- 10 ENVIRONMENT: 100

-2 -62

1 0- 1 0'

10.0

4.4 .

c lo,-3 E

~10 E

CU 4 4
10. io 4-

-6- -5
* 10 -11

16 o 10F7

10- 1010

107 11111 11066

1 4 10 40 100 1 4 10 40 100
AK (KSI V/17) A K (K SI 7n)

Figure 6.3.3.3
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TABLK. 6.3.3.4

FATIGUE CRACA GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.3.3.4 INDICAT-ING EFFEC T

OF ENVIRONMENT

MATERIAL: ALLOY STEEL A286
CONDITION: i83OF, 0. 5-1.OH1R, WO, 1325F, 16HR, AC

DELTA K .DA/DN UO0**-6 IN. /CYCLE)
(KSI*IN**1/2)

*A B3 C D

* E= R. T. E=+ 60OF
:LAB AIR, 3HZ AIR, .67HZ

A:
DELTA K B:
MIN C:

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

% Z

6.3-8
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* ... -.. -. .w K 7 7r

CONDITION/HT: 1800F. 0. 5-1. OHR. WQ. 1325F. 15HR. AC ALLOY
FORM: 1. 50"TH ROUND BAR YIELD STRENGTH: 138. 4 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 18e. 3 KSIEL
ORIENTATION- R-C SPECIMEN THK: 0. 401- 0. 403"
STRESS RATIO: *0. 05 SPECIMEN WIDTH: 0. 795- 0. 804" A8
FREQUENCY: REFERENCES: H0005

&K (MPA &~/~ K (MPA V/m
4 10 40 100 4 10 40 100

-ENVIRONMENT: R. T.. 0 NIOMN:*80F
-LAB AIR. 3HZ 12-AIR, .67HZ

10- - 10

10. 10.

1 33  E o
lo) 1

la, 10o 10 -

16 106

10 10 r

-0- 66

10-

10- -8

1 4 10 40 101 4 10 40 100

ENVIRONMENT: 100 @ ENVIRONMENT: 100

-62 -2

- 10-1 10-1

1 o3  -1oF
3

0-2 
0

10 10-2

% 10 10i-3 E

%i . __ __ 
15 -5 E

4 4O
0 10- 10 -

1-6 
-6

10 100 '1

10 -10F

* 10~ j~Jjj.J~j j~ Jj1 1-6

1 4 10 40 100 1 4 10 40 100

A K (K SI v/~T An K (KSI v =m)
Figure 6.3.3.4
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TABLE 6.4.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL D6AC
CONDITION: 1650F A-BQ AT 975F; SO AT 379-F, 1000F

2+2HR

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

A B C D

E= R. T. E= R. T.
JP-4 FUEL DIST H20
3HZ 1HZ

A. 10. 07 . 963
DELTA KB 9.70 .930

MIN C:

10.00 :.932
1300: 1.63 2.25
16.00 .4.27

20.00 7.55
25.00 12.2
30.00 17.4

A: 14. 40 3. 49
DELTA K B: 30.90 16.3

MAX C:

ROOT MEAN SQUARE 17. 19 14.86
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)

6.4-28
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CONDITION/HT: 1850F A-BO AT 975F. SO AT 375F. 100OF 2-2HRALO
FORM: 1. 80"TH FORCING YIELD STRENGTH .220.0 KSI
SPECIMEN TYPE: CT ULT. STRENGTH: 238. 0 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 507"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 500" 05AC

-'-'REOUENCY: REFER EN CES:82543

AK (MPA V1 m) &K (MPA Vm)
4 10 40 100 4 10 40 100

'/ ENVIRONMENT: R..t10 ENVIHO8NMENT: R. T..
JP-4 FUEL DIST H20

-2 3HZ 1__ __ _ 2 1HZ _ _ _ _ _

1010-1

10-2 10-2 z

4-4 ________

s 
1  

- ___0_ __ 3___0-__3_E

z~ E
110 E

1 0 7 1 0 0 -

-6 66

10- 1010

.7 -o7 _________

10~1 - __ _0__ __ 
61

168 10.6 1 1 1 11

1 4 10 40 100 1 4 10 40 100
= I 1 11 11 1 1 11 11 I I1r1, 1 1 11T 1f ll -

'' ENVIRONMENT: 100 @ ENVIRONMENT:10
10 - 10

-10-1

- 100

10~ 10 -6

z - ~~- z
u 10*

1 - E

10 -1

10

107 010

16 161

*1 4 10 40 10 1 4 10 40 100
AK (KSI V/in) AK (KSI v'Ti)

Fiqure 6.4.3.1

* 6 .4-21)
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TAB~LE 6.4.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.2 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL D6AC
CONDITION: 165OF A-BG AT 97F SOA 375F: 10OOF

2+2HR

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

A 1B C D

E= ER. T.
: JP-4 FUEL

A: 8.99 :.241
DELTA K B:

MIN C:

9.00 :.243
10.00 :.471
13.00 :1.81
16.00 : 3.85
20.00 : 6.36

A: 24.55 : 7.62
DELTA K B:

MAX C:

ROOT MEAN SQUARE 17. 15
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

V.
6.4-30
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CONDITION/HT: 165OF A-130 AT 975F, SQ AT :375F. 100OF 2-2HR ALLOY
FORM: 1.80"TH FORGING YIELD STRENGTH: 220.0 KSI STEEL

ORIENTATION- L-T SPECIMEN THK: 0. 507"

STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 500"OA
-FREQUENCY: 1. 00 HZ REFERENCES:82543

AK (MPA &Ah K (MPA -%/-M)

4 10 40 100 4 10 40 100

JP-4 FUEL1010

10.2 10

-2-2 10 10U

10 10~
E

S10 1

10' 10

1075

1 OF o

10 6 106

108 1 ~ .' ...... L......~.J~ 1078 L.i.±1 .J 1..........L.....L
1 4 10 40 100 1 4 10 40 100

I I T 'I' I I I 1 11 1 f l I I I f l
ENIOMN:100 ENVIRONMENT: 100

10 0-

10~ 10.10

1 -2 1 -2

10 10- 3
1010

7z 10 _ _ _ __ _ _ _ __ _ _10 10

mi -4zV

100

10 10-

.7 -610 10
18 1. 10.F

./11 4 10 40 100 01 4 10 40 100
AK (KSI V1n &K (KSI vATn)

F u r c, .4. 1.2

ke 0.4-3
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TAB3LE 6.4.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH4 FIGURE 6.4.3.3 INDICATING EFFECT

-~ OF ENVIRONMENT

*MATERIAL: ALLOY STEEL D6AC
* CONDITION: 165OF A-Bg AT 975F, S9 A" 3-75F: 1000F

2+2HR

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

A B C D

E= R. T. E= R. T.
:JP-4 FUEL DIST H20

A: 10.66 : 1.64
DELTA K B: 10. 78 3. 22
MIN C:

D:

13.00 2.05 3.99
16.00 5.70 7.97
20.00 13. 9

A: 19. 86 : 18.6
DELTA K B: 22. 37 :40. 5

MAX C:

ROOT MEAN SQUARE 23. 17 18. 87
* PERCENT ERROR

LIFE 0. 0-0.,3MI PREDICTION 0. 5-0.8RTO 0 -. 2

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

6.4-32
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W: .77 W.2 7' -- S .

CONDITION/HT: 15F A-BQ AT 975F. SQ AT 375F, 100OF 2-2HRALO
FORM: 1. 80' TH FORGING YIELD STRENGTH: 220. 0 KSISTE

* SPECIMEN TYPE. CT ULT. STRENGTH: 238. 0 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 506- 0. 507'
STRESS RATIO: -0. 50 SPECIMEN WIDTH: 2. 5006A
FREQUENCY: 1. 00 HZ REFERENCES:82543

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

ENVIRONMENT: R. T. _=100 @ ENVI ONMEWT R. T..
JP-4 FUEL - DST H20

-62 16_______ 2

10- 10 -

-2-2 _

102 10
-144 _________

10' - 10 E

Z 5 5_ _ z

10 -10-

1 0'

10 - 10

1 10 -7

10.8110, z'''' 10' 608 J L L 1J J . L

1 4 1 40 100 1 4 10 40 100

'!Z ENVIRONMENT: 00ENVIRONMENT: 100

10.1 10.1

10 10 20

4 U

10~ 10~
100E

10, 10 z

*10 1051

10. 10.6

16-8  1..±....i~ 1 1 .. L.1 -il 1078
1 4 10 40 100 1 4 10 40 100

AK (KS1 &~ K (KSI 'in)h

Fiqure 6.4.3.3I
6.4-33
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TAB3LE 6.4.3.4

FATIGUE CRACK GROWTH RATER AT DEFINED LEVJELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.4 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL D6AC
* CONDITION: 1650F A-BQ AT 975Ff SQ AT 400F, IQOOF

2+2HR
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=+40. 50

A: 37.20 . 25.7
DELTA K B: 22.01 .14.0

MIN c:

*25.00 14.0
30.00 :21.7
35.00. -

40. 00 26. 5
50.00 65.

A: 52.74 71.2
)DELTA K B: 31.32 25.5

MAX C:
D:

ROOT MEAN SQUARE 8. 34 9. 73
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 11
SUMMARY 1.25-2.0
(NP/NA) -2.0

6.4-34
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... CONDITION/HT: 1550F A-BC AT 975F. SQ AT 400F. 100F 2 2HR
,0 . FORM: 0.80"TH PLATE YIELD STRENGTH:220.0 KSI STEEL

SPECIMEN TYPE: CT ULT. STRENGTH: 238. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 690"
FREQUENCY: . 10 HZ SPECIMEN WIDTH: 1. 500" 05AC
ENVIRONMENT: R.T.° LAB AIR REFERENCES:82543

AK (MPA ./) AK (MPA /Th)
4 10 40 100 4 10 40 100

10
1 STRESS RATIO = -0. 10 STRESS RATIO = -. 50

lo0 _ _-

1001 101

1d2 1-2
-100;

4 -4 -4
0 10 10""0" -5 Z 5- 1 2 - - 1 .

110

44

-6. _ __- - -- -6__ _ __ _ __ _ _ __ _

10 1

10- 10

-7 -7
10 1010
108 10 6

.:. 10"  I J , , 1 I 1 , t l - 10 86 1J .. 1i I I i li ii --_

1 4 10 40 100 1 4 10 40 100

STRESS RATIO =10 STRESS RATIO = 10o

-2 C2-

100

1..3  - _3
1002 10"

2w-.-4 _ _ _ _____1 __- 2_

-- lO uO

~110
14 - -

5 10- 10 E
[.:" i -6 I _ _ _ _ _ _ _-_ - I~ - -__ _ _ _ _ _z

- 1100

. -___ _ _ _ __--___ _ _ _ __ _ _ _ - --7 __-_ 10. 5  --_-___0 5

. .- 1K- 10 1040 10.6

10' 10 . 6

1 4 10 40 100 1 4 10 40 100
AK (KSI v/n) AK (KSI Tn)

[ '-"- 'i turc 6.4. -4

'........................ .. ......................
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TAI3LE 6.4.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED W4TH FIGURE 6.4.3._ NIC)N EFC

OF STRESS RATIO

*MATERIAL: ALLOY STEEL D6AC
CONDITION: 1650F A-BQ AT 975F,6SQ AT 400F, lOQOF

4- 2+2HR
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. 50

A: 19.32 : 2.28
DELTA K B3: 16. 50 9. 46

*MIN c:
D:

20. 00 2. 85 9. 29
25.00 8.21 14. 2
30.00 13.6 S
35.00 : 19. 1
40.00 : 25. 5

A 47.75 42.0
DELTA K B 26.21 16.6

MAX C
D

~-%ROOT MEAN SQUARE 17. 60 11. 10
PERCENT ERROR

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

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

0.4- 30
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CONDITION/HT: 1650F A-BQ AT 975F. SQ AT 400F. 1000F 2--2HRALO
FORM. 0. 80"TH PLATE YIELD STRENGTH.2 17. 0- 220. 0 KSI STE

*SPECIMEN TYPE: CT ULT. STRENGTH: 238. 0 KSI
ORIENTATION: L-T SPECIMEN THK. 0. 690"
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 1. 500" ,A
ENVIRONMENT: R. T.. LAB AIR REFERENCES82543 0A

AK (M PA V-m) &K (MPA V-M)
4 10 40 100 4 10 40 100

-. ~~~1 011 ' 11
STRESS RATIO -o0. 10 10STRESS RATIO -O-. 50

- 10.1 lo0 ,

10 - 10
-2 -2

* -10 10

010 -10- -

16 1166o-

10 - 10

10.7 100,

106 106

10,8 L L . I 108 11 L tll ]
1 4 10 40 100 14 10 40 100

-- .STRESS RATIO = 0STRESS RATIO =10~

* 1 - 10.1 10'

*10-3 1-"

10o 1-2

u 16 >

01 3 .
~io 4  

-11

z 1 13 0-5
zz

101 - o4-
10- io10

-6 6-166

*0 1001

7 7__ _ __ _ _

1 06 10.6

*~1- 60 -J~ 0 JJJJJL

&K (KSI v 'n &K (KSI -,,7n)
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TA13LE 6.4.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.6 INDICATING EFFECT

OF FREQUENCY

MATERIAL ALLOY STEEL D6AC
CONDITION:- 1650F A-BG AT 975-F, SQ AT 40CF; 1000F

2+2HR
ENVIRONMENT: R.T. DIST H20

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

A B3C1

F(HZ)= 0.10 F(HZ)= 1.00

A:
DELTA K B:

MIN C
D:

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 0.6-1.25
* SUMMARY 1. 25-2. G
* (NP/NA) ~ 20

Downloaded from http://www.everyspec.com
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CONDITION/HT: 1550F A-BQ AT 975F. SQ AT 400F. 1000F 2-2HR ALLOY
FORM: 0. 8'"TH PLATE YIELD STRENGTH: 220. 0 KSI STEEL
SPECIMEN TYPE CT ULT. STRENGTH: 238. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 750"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 5. 000" D6AC

* - ENVIRONMENT: R.T..DIST H20 REFERENCES.82543

-K(MPA ,V) AK (MPA V/)

4 10 40 100 4 10 40 100

FREQUENCY (Hz) 0.10 FREQUENCY (Hz) 1. 00

10 10- -

010 1010

10 12  1-2

.. .. 1 - 0 -

z _ _ _ _ _ _ _ _ _ _ _ _ _o _ Ez-

-6 -6 _ __10
. 4  

__ __10
. 4

4 -4 l:

1 10

;' 10 -- -10 10 10 s

1-_ _ - .

10040 io 10-a7.......LLJJ J...±.~. --

10 -5 10 5,1° ,

S10 . 8  -- I I ~ l 1 , I , 11 " ,1 1 I I ld] -.

1 4 10 40 100 1 4 10 40 100
I Il -I I I 0 I 11l1 11 I

FREQUENCY (Hz) -10 FREQUENCY (Hz) 100

i~0- 100.1-_
3 -3

10 10
010

1-- 102 1 10.1

o 1o4

" -102 4  -- 20, 0

E
Z 

55!10 - 10 -
- z

* 4
100 104

400
100

10,81 ......L ..4 ...LL.L IJ I........L.LLJ 1.. 10-8 .t..L I J I i I tll 0

14 10 40 100 1 4 10 40 100
AK (KSI )/ AK (KSI _,''n)

A, A* -. . "-"
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TABLE 6.4.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.7 INDICATING EFFECT

OF FREQUENCY

MATERIAL: ALLOY STEEL D6AC
CONDITION: 1650F A-Bg AT 975F: SG AT 400F: 100QOF

2+2HR
- . ENVIRONMENT: R.T- DRY AIR

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

A B C D

F(HZ)= 0. 10 F(HZ)= 1.00 F(HZ)= 3. 00

A: 13.47 1.39
DELTA K B: 13.43 :1.07

MIN C: 13.52 :1. 11
D:

16.00 2.79 2. 45 2.59
20.00 5. 58 5.24 5.43
25 00 9.39 8.64 8.6 1

0. 0 0 13.3 12.2 115
35.00 17. 5 15. 6

A: 36. 15 18.6
DELTA KB: 35.22 :15. 7

MAX C: 34.37 14. 4
.4. D:

ROOT MEAN SQUARE 7. 09 8. 90 6. 09
* PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5 -0. 2

*RATIO 0.8-1.25 111
*SUMMARY 1-25-2.0

(NP/NA) >2.0

6.4-40-
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L CONDITION/HT: 11150F A-BO AT 1975F. SO AT 400F. 100OF 2e2HRALO
FORM: 0.80"TH PLATE YIELD STRENGTH: 220. 0 KSI
SPECIMEN TYPE. CT ULT. STRENGTH: 239. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 750"
STRESS RATIO: -0. 09 SPECIMEN WIDTH: 5. 000" DBAC
ENVIRONMENT: R. T. *DRY AIR REFERENCES. 82543

AK (MPA Vm) AK (MPA\/)
4 10 40 100 4 10 40 100

FREQUENCY (Hz) 0.10 10FREQUENCY (Hz) 1.00

10- 10-

-4 u.

', 
10- .

10~ 103 E
E

Z .- 5 _ _ _ 5m z 5

'a 10 10 A

'a104 10-

10-6 10-6

1078 L.LLIJJ L.J.i.b- i ..... L.Lj .. LLdI
-. 1 4 10 40 100 14 10 40 100

FREQUENCY (Hz) 3.00 -100 FREQUENCY (Hz) lo10

102 Z 102

1~ OF
1 2 -2

1) 10 '

10 10 E 0

lo 10

*~~~0 10* 5..L~J LLLIJ 1 8 LL.~.±LLL

1 4 10 40 100 1 4 10 40 100
AK (KSI /m) AK (KSI .%/Tn)

1'tjur(2 G.4. 1. 7
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TABLF 6.4.3.8

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.8 INDICATINg EFFECT

OF FREQUENCY

MATERIAL: ALLOY STEEL D6AC

CONDITION: 1650F A-BQ AT 975F; SQ AT 400F, O00F
2+2HR

ENVIRONMENT: R. T. , JP-4 FUEL

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

A B C D

, . F(HZ)= 0.10 F(HZ)= 1.00 F(HZ)= 3.00

A: 10.2e 2.31
DELTA K B: 10. 19 1. 01

MIN C: 9. 80 .639
D:

10.00 .736

13.00 3.32 2.86 2.64
16.00 5.48 5.05 4.21
20.00 10.4 7.44 5.31
25.00 20.2 9.60 6.64
30.00 33.1 11. 5 9.56
35.00 46.7 13.7

40.00 58.2

A: 49.58 67.9
DELTA K B: 36. 95 14. 8

MAX C: 34.21 15. 1
D"

ROOT MEAN SQUARE 21. 60 13. 73 15. 76
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) 3,2. 0

6.4-42
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CONDITION/HT: 1550F A-BQ AT 975F, SO AT 400F. 1000F 2-2HR
FORM: 0.80"TH PLATE YIELD STRENGTH: 220. 0 KS! TE
SPECIMEN TYPE: CT ULT. STRENGTH: 238. 0 KS!
ORIENTATION: L-T SPECIMEN THK: 0. 751"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 5. 000" DA

.. ENVIRONMENT: R. T. *JP-4 FUEL REFERENCES:92543 3A

AK (MPA N/m) &K (MPA Vm)
4 10 40 100 4 10 40 100

10 I I v' 1' 111I'
FREQUENCY (Hz,= 0. 10 loFREQUENCY (Hz) =1. 00

10-1 1.
10 10

10.2 10,2

1010 4

0- 10- 10____ 5 _ __

10.5
100

k-7

10' 10.6

1078 1 -

1 4 0 4 10 4 10 4 10

FREQUENCY (Hz) 3.00 10FREQUENCY (Hz)10

10 10

10-1 io'
a-o

0 - 10 .2 10 -

> 1 4 -0

10-

100 3

1 io.

110-

166L.L L~.....L...L 10 66. L d .±.L .L J

1 4 10 40 100 Fiur 4 .0.03.0

6.4-43
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TAB3LE 6.4.3.9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.9 INDICATING EFFECT

OF FREQUENCY

MATERIAL: ALLOY STEEL D6AC
CONDITION: 1650F-A-BO AT 975F, SQ AT 40CR; 1000F

2+2HR
ENVIRONMENT: R.T. .JP-4 FUEL

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

A B C D

F(HZ)= 0.10 F(HZ)= 1.00 F(HZ)= .00

A:
*DELTA K B: 9.99 2. 13

MIN C: 9.80 .980
D:

10. 00 2. 14 1.09
13.00 4.56 2.e3

1.06.39 4.38
20.00 .9.06 6.45
25.00 :16.4 11.0

A:
DELTA K B: 29. 90 :37. 2

MAX C: 27.00 14.2'l

ROOT MEAN SQUARE 0. 00 8. 91 12. 64
-' PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 6

RATIO 0.8-1.25 11
*SUMMARY 1.25-2.0

(NP/NA) >2. 0

6.4-44
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CONDITION/HT: 1850F A-BQ AT 975F, SQ AT 400F. 100OF 2-*2HRALO
'0 FORM: 0. 80"TH PLATE YIELD STRENGTH: 220. 0 KSISTE

SPECIMEN TYPE: CT ULT. STRENGTH: 238. 0 KSI
ORIENTATION: L-T SPECIMEN THK 0. 7589"
STRESS RATIO- -0. 50 SPECIMEN WIDTH: 5. 000" 8A
ENVIRONMENT: R. T. *JP-4 FUEL REFERENCES:82543 IA

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

____________ 1 1__ _ _ _ _ _ T- I I 1 1 I I

FREQUENCY (Hz) .L 10o FREQUENCY (Hz) =1. 00

100 10

-2 -

-10  100-

3 -3 E
s 10' 1

10, - 6_ _ _ _ _ _10

10~i- 10__ 
__ __ 

51

106 10

1 4 10 40 1001 4 10 0 10

©~lo mT FTTI© mmromT
FREQUENCY (Hz) 3.00 1 FREQUENCY (Hz)10

10- 1010

u 3 
1 0.1

10.21

4 4
- 10 10

103 i-3 E

- 0 10 Cu

10 1- 10
10s

106 0.

7--

AK (KSI V 7h &K (KSI vln)
Figure~ 6.4.3.9)

6. 4-45
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TABLE 6.4.3.10

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.10 INDICATING EFFECT

OF ENVIRONMENT

* MATERIAL: ALLOY STEEL D6AC
*CONDITION: 1650F A-BG AT 975F: SG AT 400F: 1000F

2+2HR

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

*A 13 C D

E= R. T.
* JP-4 FUEL

A: 14.94 3.56
DELTA K B:

MIN C:

16.00 : 3. 15
20. 00 : 5.38

*A: 25.91 11. 5
* DELTA KB:

MAX C:
D:

ROOT MEAN SQUARE 16. 96
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0. 61.2 1
SUMMARY 1.25-2.0
(NP/NA) 2. 0

'o.

6.4-46
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CONDITION/HT: 155F A-80 AT 975F, SO AT 400F. 1000F 2-2HRALO
Oi FORM: 0. 80"TH FORGING YIELD STRENGTH: 220. 0 KS ISEE

SPECIMEN TYPE: CT ULT. STRENGTH: 238. 0 KSI
ORIENTATION LTSPECIMEN THK. 0 00W
STRESS RATIO: -0. 50 SPECIMEN WIDTH: 2. 500" O6AC
FREQUENCY: 1.0 ZREFERENCES:82543

&K (MPA &/) K (MPA N/m)

4 10 40 100 4 10 40 100
ENVIRONMENT: R..10 ENVI O8NMENT:
JP-4 FUEL

162 _______ 10________ -2 _ _______

1 0 - 1010

1003 10a

i ~ - ~ 1 -2
a) 102

>1 -4 -4

* olO - 10-

lo, 10- E

70 10 10

10- 1010

11 6

10- 1 06

1 4 10 40 100 1 4 10 40 100

© EVIONEN: 00ENVIRONMENT: 1

10 - 10.1 10T- -r T11i

-2 -2
a) 10 10

S 10-3_ 0 10 E

0' E
10 10 E

10 5 0

6- 5 10-65

10 1O

1 o 6
106 1 6
L....LLLLJ 10

1 4 10 40 100 1 4 10 40 100
AK (KSI 'Jrn) &K (KSI Vlm)

1'i'Jure 0.4. .

(C .- 4'7
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TABLE 6.4. 3. 11

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.11 INDICATING EFFECT

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

*MATERIAL: ALLOY STEEL D6AC
CONDITION: 170OF A-BG AT 975F, 00 AT 140Ff iQOOF

2+2HR
ENVIRONMENT: R.T. LABl AIR
------------------------------------------------------------------------------------

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

A B C D

R +Q. 10

A: 19. 72 : 5. 50
DELTA K B:

MIN C:
D:

2 0. 00 : 5.61
25.00 : 8.34

30.00 12.8
35. 00 : 19.2
40.00 27.7
50.00 51. 3
60.00 81.9

A: 66.91 105.
DELTA K B:

MAX C:

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

ROOT MEAN SQUARE 25.-51
PERCENT ERROR

-------------------------------------------------------------------------------------
LIFE 0.0-0. 5

PREDICTION 0. 5-0 8 1
RATIO 0.83-1. 25 2
SUMMARY 1.25-2.0
(NP/NA) '2. 0

5 6. 4-4R
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CONDITION/HT: 170OF A-BIQ AT 975F. OQ AT 140F. 100OF 2-2HRALY
FORM: 0. 80"TH PLATE YIELD STRENGTH: 220. 0 KSISTE

* - SPECIMEN TYPE: CT ULT. STRENGTH: 238. 0 KSI
ORIENTATION: L-T SPECIMEN THK. 0. 590"

-FREQUENCY: 1.00 HZ SPECIMEN WIDTH: 1. 500" DBAC
ENVIRONMENT: R. T. *LAB AIR REFERENCES8B2543

AK (MPA V)AK (MPA V~
4 10 40 100 4 10 40 100

00
STRESS RATIO -0*.- 10 STRESS RATIO

-2 -3

1-10i10 101

i-2 -21o
1 0 10;

16 u

10 10 1
z 5

~10 10- z

10- - 10

10-s 10~

16 o7

10 1

1 4 1 40O 100 © 1 I ' 10 40J 100

STRESS RATIO 10STRESS RATIO =10

10

10 101

10-3 163

-2 -210 10;
Uu

10- -3EO

V10 10

1-1 66 -1
66

105 10

11 o7

10~~~~8~--11 06 18 LL.L1 0

~.* 71 4 10 40 100 1 4 10 40 100
AK (KSI &K (KSI ,/in)
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TAB3LE 6.4.3.12

FATIGUE CRACK GROWTH RATES AT DEFI.NED LEUCES
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.12 INDICATING EF'ECT

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

MATERIAL: ALLOY STEEL D6AC
CONDITION: 1700F A-B3Q,97SF OG AT 14OF, lOQOF 2_+2HRS
ENVIRONMENT: R.T. DRY AIR
-------------------------------------------------------------------------------------

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

A 13 C D

R=+0 Z50

A: 15.55 : 3.63
DELTA K B:

MIN Cz:

16. 00 :3.76
-2 0. 0' -3 6. 18

A 21.35: 7.29 -

DELTA K B.
MAX C:

0:

ROOT MEAN SQUARE 8. 663
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 2
RATIO 0.68-1 25 2

*SUMMARY 1. 25-2. 0 1
(NP/NA) ::20
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CONDITION/HT 1700F A-80. 975F OQ AT 140F. 100OF 2'-2HRS
FORM: 0.90"TH PLATE YIELD STRENGTH: 220.0 KSIISEL
SPECIMEN TYPE: CT ULT. STRENGTH: 238. 0 KSI
ORIENTATION. L-T SPECIMEN THK. 0. 751'
FREQUENCY: 0. 10- 3. 00 HZ SPECIMEN WIDTH: 5. 000" D5AC
ENVIRONMENT. R. T. * RY AIR REFERENCES:82543

AK (MPA V'Th &K (MPA -y/m)
4 10 40 100 4 10 40 100

II I I I I I I

STRESS RATIO = -- 0. 50 10 STRESS RATIO

10o - 10-

3 1
t7-2

10 2 10-

u 10 1
10 10-

*~110

44
010 o1~

00 101

I - 10.6I'' 106

1 4 10 40 100 1 4 10 40 100

STRESS RATIO 10STRESS RATIO = 10

10 - 10' o 101

.3310' 10

10 2

.u 10

100
-. 0 o- 105

l06 10

1 4 0 0 0 14 1 4 0

01
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TAB3LE 6.4.3.13

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* . DATA ASSOCIATED WITH FIGURE 6.4.3.13 INDICATING EFFECT

OF FREQUENCY

MATERIAL: ALLOY STEEL D6AC
CONDITION: 170OF A-BG AT 975F, 00 AT 140F, 100OF

* 2+2HR
.2 ENVIRONMENT: R.T. ,DIST H20

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

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

A B C D

P (HZ)= 0.10 F(HZ)= 1.00

A:
DELTA K B:

MIN C:

200. 00

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

6.4-52
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CONDITION/NT: 170SF A-EIG AT 975F. OQ AT 140F. 100SF 2-2HR ALLOY
FORM: 0. 80"TH PLATE YIELD STRENGTH: 220. 0 S STEEL 
SPECIMEN TYPE: CT ULT. STRENGTH: 23. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 754"
STRESS RATIO: s0. 08 SPECIMEN WIDTH: 5.000" 0OAC

... .. ENVIRONMENT: R.T. DIST H20 REFERENCES:82543

AK (MPA v'-) AK (MPA -v%/)
4 10 40 100 4 10 40 100

- = I ' I I' I 1 111'I11 - 1 = I ' 'I'I' I 1 I'I'I "

FREQUENCY (Hz) o. 10 o - FREQUENCY (Hz) 1. 0 -
___o_______ ___10_____ 2 _ ______ ________

10-. 0 "  10
"

"10 101

________ _ - oF3

10.2 
.2

: ,.: " 1'' [D 10"

>. 164 -4 _________

10-3  
0 .3

z 
E

V 10.4  10"4

10 - 10-

1-7 -7
107 - 10-7 --

_._10.6 _- 10 .6

1 4 10 40 100 4 10 40 100
@ -- 111 1 I l Io @ 111,1 1 1 @11 o

FREQUENCY (Hz) = 100 FREQUENCY (Hz) = 1
1-2 =1- 1-2 _ _ ,
1" - 100

100 
10

*' io - - _2

-4 4
10 10 .

10 "s  -
s10-31- 103E

z E
=10 "- 10* --

io74  10*4*-- -- . 1 "

10- 106

10"' -- 10'

l O G 0 - 1 7 1 0 7*:-  . 0 - -_ 0

.... 10"1= I.........LU±Jill - 10 . L hLAI ,11d I , I h

1 4 10 40 100 1 4 10 40 100
AK (KSI V) AK (KSI V/7)

,% . % .... " " .' . . % . . . . , . . . . . . . . . . . . . . . . . . .. . . .

CONDITION/HT 179F A-@Q 9'5F. 3C AT 140F. 100SF 2-2HR ALLOY
FORM: U. "TH FORGING YIELD STRENGTH 220. 0 KSI STEEL
SPECIMEN TYPE CT ULT STRENGTH 238. 0 KSI
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TABLE 6.4.3.14

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.14 INDICATING EFFECT

OF FREQUENCY

MATERIAL: ALLOY STEEL D6AC
CONDITION: 1700F A-BQ AT 975F5 O0 AT 140F. 1000F

2+2HR
ENVIRONMENT: R.T. ,DRY AIR

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

.A B C D

:F(HZ)= 0.10 F(HZ)= 1.00 F(HZ)= 3.00

A: 19.47 :4.95
DELTA K B: 12.94 :1.27

JuMIN C: 12.8 Be 1.09

13.00 :1.26 1. 14
16.00 :2.61 2.52
20.00 :5.28 5.68e 4.86
25.00 : 8.52 9.94 8.22
30.00 : 12.3 13.6 t2.1
35.00 : 17.0 17.6 16.9

-~40.00 : 23.2 23.0 23.2
a50.00 : 43.9 43.4 43.3

60.00 :96.3 83.0
70.00 :128.

A: 57.66 : 73.2
DELTA K B: 70. 52 :114.

4MAX C: 63.32 :104.

ROOT MEAN SQUARE 4. 94 11. 47 6. 89
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

r6.4-54
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CONDITION/HT - 178SF A-812 AT 975F. OQ AT 14SF. 108SF 2*2HR
FORM: S.80"TH PLATE YIELD STRENGTH: 220. 0 KSISTE
SPECIMEN TYPE: CT ULT. STRENGTH: 238. 0 KSI I
ORIENTATION: L-T SPECIMEN THK: IL752" -

STRESS RATIO: *0. 10 SPECIMEN WIDTH: 5. 000' DBAC
ENVIRONMENT: R. T. *DRY AIR REFERENCES. 82543

AK (MPA %/m) AK (MPA %/m
4 10 40 100 4 10 40 100
I 1 11 1 1 111 11 - I I I1 1 1 TrP -- 7 ' 1 1 11

FREQUENCY (Hz) IL 10 100 FREQUENCY (Hz) 1.5
1-2 __________2________

10 10

-10~ 101

10'2 10'2

4-4 ________

010 10,

- o- 107 4 "a~

10.0

110F,

1076 10 .

FREQUENCY (Hz) =3.0 13 0 FREQUENCY (Hz) 10

1 0- 1 0 1 0

. 1 6 3 1 0 2 1-7 10 2 1

4 4

z0 E

'a0* _ _ _ - i0- z
110

10 106

-
10

'p 107

0.1076 1-6

1681

AK (KSI -,in) AK (KSI VIM)
Figure 6.4.3.14

6.4-55
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TABLE 6.4.3.15

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.15 INDICATING EFFECT

OF FREQUENCY

MATERIAL: ALLOY STEEL D6AC
CONDITION: 1700F A-BG AT 975F, 00 AT 140F, 1000F

2+2HR
ENVIRONMENT: R.T. .JP4/H20

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

A B C D

~ .F(HZ)= 0.10 P(HZ)= 1.00 F(HZ)= 3.00

A:
DELTA K B:

MIN C:

200.00

A:.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 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

6. -5
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CONDITION/HT: 179SF A-8Q AT 975F. 00 AT 140F. 109SF 2-2HRALY

FORM: IL 80"TH PLATE YIELD STRENGTH: 223L.0 KSI TE
SPECIMEN TYPE: CT ULT. STRENGTH: 238.0 KSI
ORIENTATION: L-T SPECIMEN THK: IL 741"
STRESS RATIO: *IL 10 SPECIMEN WIL TH: 5. DOAC
ENVIRONMENT. RL T. . JP4/H28 REERNCS.EC4

A K (M PA N/'s) AK (MPA V-m)
4 10 40 100 4 10 40 100

FREQUENCY (Hz): IL 103 o FREQUENCY (Hz) 1.9

102 -162

lo01 10.1

io2 -2a.
10' 10

10-o3  m 0-

107,- 10 - z
1o74 10 *

10.6 10-6

.4 ~ ~ ~ ~ ~ ~ ~ 6 1E~ I..~.L.LLL I I I0 I..LLLL
1 4 10 40 100 1 4 10 40 100
I 11 11 I1 1 1 111' I 1 1 , 1 II' 1 (1 1 11 -

FREQUENCY (Hz) =3.09 1 FREQUENCY (Hz) lo10

10-2 ________ ________ -162

10.1 10-1

or 1o73

*2 .10

- 10, 10~

E
V 1075 -10-s z

0 11-4

10- - 10

101

1078 106811 1 [1

1 4 10 40 100 1 4 10 40 10
4.&K (KSI V'm) AK (KSI v/in)

4. Figure 6.4.3.15
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TABLE 6.4.3.16

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.16 INDICATING EFFECT

OF FREQUENCY

MATERIAL: ALLOY STEEL D6AC
CONDITION: 1700F A-BO AT 975FO AT 140F,1000F

2+2HR
ENVIRONMENT: R.T. -DIST H20

qr-----------------------------------------------------------------------------------------------------------------

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

A B C D

: F(HZ)- 1.00 F(HZ)= 3.00

A: 9.81 : 2.20
DELTA K B: 9.86 : 1.32
MIN C:

D:

10.00 : 2.33 1.43

13.00 : 4.71 4.18
16.00 : 7.69 6.44
20.00 : 12.2 8.56 V1
25.00 : 18.4 11.8
30.00 : 24.9 18.6

A: 33.23: 29.1
DELTA K B: 30.17 : 18.9

MAX C:
D:

ROOT MEAN SQUARE 16. 49 19. 47
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 1

'%"

%J

6.4-58
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CONDITION/HT: 170OF A-BQ AT 9;7SF. 00 AT 140F. 100OF 2*2HRALY
FORM: 0. 80"TH PLATE YIELD STRENGTH: 220. 0 KSISTE

SPECIMEN TYPE: CT ULT. STRENGTH: 238. 0 KSI
ORIENTATION: L-T SPECIMEN THK 0. 751 "

j.' ANVIRONMENT: R. T. *DIST H20 REFERENCES: 82543 OA

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

_________ QU10
FREQUENCY (Hz)~ 1.00 FREQUENCY (Hz) 3.00

102 102

1O 10.1 or

10.2 - oo-

>.__ _ 16 -4
101

E

'a lo 10-5 z
V 1o74 10-4

7.0- 1051*
1 10

7

107 - 10

1078 01 10.6it

1 4 iC 40 101 4 10 40 100
I rT r l~r 10 I~ I I 1 111T11 T, -r 1 1Fr 111T 1

0 FREQUENCY (Hz) =FREQUENCY (Hz) lo10

10- - 10

63 10. 3

1 - 10.2 i~-

-4

10 

1 
1010 E

zE

105 105

10 - o 104

10.6 10-6

* 1 4 10 40 100 1 4 10 40 100
AK (KSI ri)AK (KSI vli-h

Figure 6.4.3.16
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TAI3LF* 6.4.3.17

.. ....

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.17 INDICATING EFFECT

OF FREQUENCY

MATERIAL: ALLOY STEEL D6AC
CONDITION: 1700F A-BQ AT 975F, 00 AT 140F, 100OF

2+2HR
ENVIRONMENT: R.T. ,JP-4 FUEL

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

A B C D

: F(HZ)= 0.10 F(HZ)= 1.00 F(HZ)= 3.00

A:
DELTA K B: 10.80 " 2. 19
MIN C: 10.58 : 1.20

D:

13.00 : 3.02 2.29
16.00 4.92 3.93
20.00: 8.95 6.73
25.00 : 15.9 12.0
30.00 : 23.4 21.0
35. 00 : 29. 2

A:
DELTA K B: 39.01 : 31.7

MAX C: 33.66 : 31.9
'.;'.. ,D::

ROOT MEAN SQUARE 0.00 15.29 13.65
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

.. 4 6
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CONDITION/HT: 170OF A-SO AT 975F 00 AT 140F, 100OF 2*2HRALO
FORM: 0.89"TH PLATE YIELD STRENGTH: 220. 0 KS! TE
SPECIMEN TYPE: CT ULT. STRENGTH: 238. 0 KS!
ORIENTATION: L-T SPECIMEN THK 0. 750"
STRESS RATIO: +050 SPECIMEN WIDTH: 5. 000 OA

~~ ENVIRONMENT: R. T. *JP-4 FUEL RFRNE:24

&K (MPA V7) AK (MPA Vlm)
4 10 40 100 4 10 40 100

16 FREQUENCY (Hz) 0.10 .2FREQUENCY (Hz) 1. 00

1011

Z0- 10 - 01-

10, 100,2

4I -4 4'.
1U 10. 10

m10 - 107
1 o74  1 D

166 

.7 ___ __ __ __ _

10- 1010

1 OF 11

10- 1.L...LJ...L.J..LL 8
1 4 10 40 100 10 10...L....1.LL 40.....L100.LL

FREQUENCY (Hz) 3. 00 FREQUENCY (Hz)10

10- 1010

10.1 103

10,2 10*2_

4 4

cjlO - 1103

5~~~~1- E_____ 0
z E

14 IVO

iio-

1 1O6

10 - 010

17 1 oFb

1 4 10 40 101 4 10 40 100
AK (KSI %l'on &K (KSI V/7R)

JI: Figure 6.4.3.17
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TABLE 6.4.3.18j

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.18 INDICATING EFFECT

OF FREQUENCY

MATERIAL: ALLOY STEEL D6AC
CON'AI'-ION: 170OF A-BG AT 975F! 00 AT 140F, 1000F

- - 2+2HR
ENVIRONMENT: R.T. 1DIST H20

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

A B C D

F(HZ)= 0.10 F(HZ)= 1.00 F(HZ)= 3.00

A: 12.13 : 5.69
DELTA K B: 12.01 2.35

MIN C: 12.24 :2.81

13.00 9 .66 3.25 3.40
16.00 16.6 6.39 4.97
20.00 : 23.4 10.7 5.819
25.00 : 41.1 15.6 7.59
30.00 71.7 20.5 12.6
35. 00 : 109. 26. 1
40.00 : 140.

A: 46.20 : 151.
DELTA K B: 39.73 :32.9

MAX C: 30.48 :13.5

ROOT MEAN SQUARE 16. 63 15. 16 34. 97
PERCENT ERROR

LIFE 0. 0-0. 5
-IPREDICTION 0.5-0.8

RATIO 0.8-1.25 1 11
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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C . .. . .- T --

CONDITION/HT. 170OF A-BQ AT 975F. 0Q AT 140F. 1000F, 24-2HRALY
FORM: 0.80"TH PLATE YIELD STRENGTH: 220. 0 KS!
SPECIMEN TYPE: CT ULT. STRENGTH: 238. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 741"
STRESS RATIO: -GL 11 SPECIMEN WIDTH: 5. 000" 08AC
ENVIRONMENT: R.T 1TH0REFERENCES: 82543

&K (MPA V/-) AK (M P A
4 10 40 100 4 10 40 100

FREQUENCY (Hz): 0.1 10 FREQUENCY (Hz)1  100

10-1 10-1

1u3 ioF3

10~-2 0-2Z

0 10

0 40

101

10e 0 100

1 4 10 40 100 1 4 10 40 100

FREQUENCY (Hz) 3.00 10FREQUENCYt (Hz) 100

10 - 10

1010

10. 10.2

10 -3 10E(
10~

E
~10,5 mo ~ - 1-6 ____

lo 10-5o

100

10 - 10

16 1- o78

* ... 1 4 10 40 100 1 4 10 40 100
&K (KSI V/Jn) &K (KSI

Fi jure 0. .. 3.i

6.4 4-
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TABLE 6.4. 3.19 -

FATIGUE CRACK GROWTH RATES AT DEFINED LEVJELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.19 INDICATING EFFECT

OF ENVIRONMENT

*MATERIAL: ALLOY STEEL D6AC
CONDITION: 170OF A-Bg AT 975Fe 00 AT 140F.- 100OF

2+2HR
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

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

A B C D

E- R.T.
:DIST H20

A: 10.29 2.39
-DELTA KB:

MIN C:

13.00 : 4.44
16.00 :7. 10
20.00 11.4
25.00 : 19.0
30.00 : 30.5
35.00 : 48.8

A: 37.69 : 64.3
DELTA K B:

MAX C:

'D:

ROOT MEAN SQUARE 19. 29
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: 170OF A-BQ AT 975F. 0Q AT 140F. 100OF 2-v2HR ALLOY
FORM: 0. 80"TH FORGING YIELD STRENGTH: 220. 0 KSI STEEL

* . PECIMEN TYPE: CT ULT. STRENGTH: 238. 0 KSI

0 ORE T TO L-T SPECIMEN THK: 0. 750"
* STRESS RATIO: *048SPECIMEN WIDTH: 5. 000" 05AC

*. F R' FEQUIE N CY: 1.00 HZ REFF -ENCES:82543

AK (MPA V's) AK (MPA \~
-. 4 10 40 100 4 10 40 100

ENVIRONMENT: R. .. 100 @ ENVIFIO'NMENT:I 'I
DIST H20

10.1 10-1

1 -2 
-2

> .4 -4 z__ _ _ __ _ _ _

-c 10 -3 103

z E

0 - 10-

l1 10-

io~10 ____0___-

(W1 0-6 10-6

1078 L i. ... j -10-8 .... L..WJ..l
1 4 10 40 100 1 4 10 40 100

© ENVIRONMENT: 100 ENVIRONMENT:10

-62 1_________ 2 Z________ ________

10 -1010
101 10-1

10 .3 10-

-. 10-2 12;

u 10 1 .

io-' -3  E
z -5 E

~ioio
Vo-

1 ~ CF7

1 4 10 40 100 1 4 10 40 100
&K (KSI V17m) AK (KSI v/linh

* Figure 6.4.3.19
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TABLE 6.4.3.20 I
FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.4.3.20 INDICATING EFFECT

OF FREQUENCY

MATERIAL: ALLOY STEEL D6AC
CONDITION: 1700F A-BQ AT 975F, O AT 140F, IO00F

2+2HR
ENVIRONMENT: R.T. ,DIST H20

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

* A B C D

* F(HZ)= 0.10 F(HZ)= 1.00 F(HZ)= 3.00

A: 11.33 3. 18
DELTA K B: 13.93 : 3.08

MIN C: 18.38 " 6.58
D:

13.00 4.80

16.00 : 8.65 5.20
20.00: 15.7 9. 51 6.47

25.00 27.8 14.3 10.6
30.00 " 43.7 18.7 15.0
35.00 : 63.7 23.5 16.7
40.00 • 88.2 29.7

A: 48.33 : 140.
DELTA K B: 41. 12 • 31. 4

MAX C: 38.83 • 20.9
D:

ROOT MEAN SQUARE 13. 57 11. 95 13. 92
PERCENT ERROR

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

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

(NP/NA) >2. 0
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CONDITIONHT 17013F A-BQ 9' '5F. JQAT 140F. 11300F 2-2H-R EALLOY

FORM. 13.86"TH FORGING YIELD STRENGTH 220. 0 KSI STEEL
SPECIMEN TYPE CT ULT STRENGTH 2318. 0 1<51
ORIENTATION. L-T SPECIMEN THK 0. 750- 0& 753"
STRESS RATIO -I. 10 SPECIMEN WIDTH: 5. 000" DIBAC

* I ENVIRONMENT R. T. . 0ST H20 REFERENCES. 82543

&K (MPA V'm) &K (MPA -,/-)
4 10 40 100 4 10 40 100

FREQUENCY (Hz) 0.lo10 % FREQUENCY (Hz) =1. 00

10. 10-

10- 10.13

10l3 1010 E

10 io107

V~ 10.' 0-

1016.1

1 _r _ _ _ __7_Z

10 1010

10.1 10.1

623  - 1 62~~ 0

_______1 ______ 01

-310 1l- E

1010- 10-

1107

-r7 .7rl

10- - 1

100 10.6

-~-7 01 4 10 40 100 1 4 104 01 00

AK (KSI Vr~)Figure 6.j4.3.20 KKSV7
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TABLE 6.4.3.21

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* -~ DATA ASSOCIATED WITH FIGURE 6.4.3.21 INDICATING EFFECT

~ -~ OF FREQUENCY
------------------------------------------------------------------------------------

MATERIAL: ALLOY STEEL D6AC
CONDITION: 1700F A-BQ AT 975F, 00 AT 140F, 100OF

ENVIRONMENT: R. T. *JP-4 FUEL

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

A B C D

F(HZ)= 0.10 F(HZ)= 1.00 F(HZ)= 3.00

A: 11.55 :1.25
DELTA K B: 18. 43 :7. 19

MIN C: 183.87 :3. 10

13.00 : 2.52
16.00 : 6.78
20.00 : 14.8 8.37 3.73
25.00 : 26.1 12.0 7.32
30.00 : 37.2 15.7 12.1
35.00 : 48.2 19.8 17.9
40.00 : 59.7 24.5 24.5
50.00 : 87.6 37.4 38.7
60.00 :53.0

* 70.00 :66.0C

A: 58.94 : 123.
DELTA K B: 52. 16 :41. 1

MAX C: 72.93 :69.5

ROOT MEAN SQUARE 17. 83 6.866 17. 19
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
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CONDITION/HT: 170SF A-BQ AT 975F. 00 AT 14SF. 1=iOF 2*2HR ALLOY
FORM: S.80"TH FORGING YIELD STRENGTH: 220.0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 238. 9 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 750- I. 753"
STRESS RATIO: *.1 10 SPECIMEN WIDTH: 5. 00" OAC
ENVIRONMENT: R.T. o JP-4 FUEL REFERENCES: 82543

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

FREQUENCY (Hz) IL. 111 10o FREQUENCY (Hz) = 1. -

10
2  - 162

101 10

16~3  
-6 i 3

10.2
1, -4 __-- _____104 __ _ _ _ U

010- 1

10 10 "
3

10 4

1 a5 5.
'ao1 - are

1081 I , I ll , I i I l l 1081 I -I l 10.6IiIll

14 10 40 100 1J! 1 4 10 40 100.

© FREQUENCY (Hz) = 3. BI 1°- FREQUENCY (Hz) =10

1O.2 _ 102

10 " 6
10.1 10.1

J7

1 OF 10.2 10"26

1

1004 0 104 . 1 0

,Z __ ___ ___

~10.5 p 2 1 0

10.110. c1 oO- lO-3Z1002 2.

10 s

4 1 4

10. 0"10.

'.: . 0 -- L.=_.L~J ..... L W.~ 10 "  ._8 * 10 . 5j~~*J**~j
'.U 1000 10 4

iur 6..32
-- 10"7- -5 10"5

64--9

,. .- . 0 1 1 , I, I, I I I l i a -1- 1 1 1 1 I l d I I , 1 lia

... ""p'4 10 40 100 1 4 10 40 100

A. &K (K S I 'in) A K (K SI 7n)

.Figure 6.4.3.21
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TA13LE 6. 5.3. 1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 20

4 CONDITION:

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

*A B C D

* E= R.T. E= R.T.
LAB AIR 3.5%. NACL

* 10HZ 1HZI
*A: 12.17 :.86

DELTA K B: 21.23 :5.00
MIN C:

-U 13.00 :1.04
16.00 :1.93
20.00 : 3.58
25.00 : 6.40 6.42
30.00 : 10. 1 11.8
35.00 : 14.6 19.9
40.00: 19.9 26.7
50.00 : 33.2 36.6
60.00 : 50.0 52.3
70.00 :89.4
80.00 :133.

4'A: 66.04 : 62. 1
DELTA K B: 81.85 :137.

MAX C:
D:

ROOT MEAN SQUARE 7. 64 10. 79
PERCENT ERROR

0 LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 1 1
SUMMARY 1.25-2.0
(NP/NA)>.0

6.5-14
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CONDITION/HT: ALLOY
FORM: 2. 50"TH BAR YIELD STRENGTH: 185. 5 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 201. 0 KSI
ORIENTATION- L-T SPECIMEN THK: 1. 250"
STRESS RATIO: -,-6. 02 SPECIMEN WIDTH: 5. 000" HPG-4-
FREQUENCY: REFERENCES:B13B 20

AK (MPA %-) &K (MPA -,/m)
4 10 40 100 4 10 40 100

ENVIFRIOENT: R. T. 100 ® EN. 5NMENT: R. o
LAB AI 3.5% NACL

-21 10HZ __10.2- 1HZ
110 1  10-1

013  1013

10 10-

> 1 4 4 ______ __

-. 3
10.3  E0

10 -  10

10 --

-- ' 106  _ - 10.

10 io IL , LI, I,, IJW, Il - 10o8  I I I .I, I I Jl, -
1 4 10 40 100 1 4 10 40 100

.4 -- 1n-

ENVIRONMENT: 10o ENVIRONMENT: 1006

10-2 107

-'.:. __ 10 - 1  __ 10 "1

1020"3 --- 10"3

10"

"6- -

z E

0o- - 1-5  -
10,- 10-4

10 166 ~

1 os io-5

ior7 - r7
- 10.6- 10-6

-86

1 4 10 40 100 1 4 10 40 100
AK (KSI VIMn) &K (KSI ./Tn)

Figure 6.5.3.1
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TABLE 6.5.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.2 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 20
CONDITION:

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

.A 1B C D

E= R. T. rz= R. T.
:LAB AIR SIM SEA WATER
.1-20HZ . 1-15HZ

A: 8.36 :.0938
DELTA K B: 21.06 2 .87
MIN C:

9.00 :.123
.2 10.00 : 180

13.00 :.435
16.00 :.833
20.00 :1.61
25.00 : 3.01 4.77
130. 0 0 4.93 8.01
35.00 :7.41 12.2
40.00 : 10.5 17.4
50.00 : 18.9 31.2
60.00 : 30.6 50.0

-~70.00 : 46.3 74.4
80.00 : 66.8 105.
90. 00 : 93. 0 144.

-. 100.00 : 126. 191.
130.00 : 276. 395.
160.00 : 542. 727.

A: 192.57 : 1026.
DELTA K B: 192. 73 :1299.

MAX C:
_ D:

ROOT MEAN SQUARE 13.48 22.71
PERCENT ERROR

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

RATIO 0.8-1.25
SUMMARY 1.25-2. 0

I .(NP/NA) 0

6.5-16
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CONDITION/HT:ALO
* FORM: 1. 25"TH FORGING YIELD STRENGTH: 196. 5 KSISTE

SPECIMEN TYPE: WOL ULT. STRENGTH: 209. 5 KSI
ORIENTATION- L-T SPECIMEN THK: 1. 250
STRESS RATIO: -- 0. 02 SPECIMEN WIDTH: 5. 000" HP9-4-

$FEUE'Y REFERENCES:MA005REQUECY: 20

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

E1 yRYNENT: 10 EN ONMENTR

1 2 . 1-20H Z -2 * 1- 15HZ _ _ _ _ _ _

10 - 10

10, 101

163_ __ _ _ _ __ _ _ 103

10 ~2 10'2

10 - l10
c 3 -3 E

10o 10 5 -0 z

10 1 OF

1 4 10 40 100 1 4 10 40 100© f''I I' I' ''
ENVIRONMENT: 100 ENVIRONMENT: loo

-2 1________ ________ 2 _______

10 -1

10'1 10.1

10 3 103
10.2 Z1-2

10;

E
z 0~ 10-5-

1074 104

V 10

10- - 10

.7 -6

-( 10 
- 11

1 4 10 40 100 1 4 10 40 100
AK (KSI V/7n) AK (KSI -,/in)

Figure 6.5.3.2
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TABLE 6.5.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATAASSCIAED ITH FIGURE 6.5.3.3 INDILCATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 20'
CONDITION:

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

*A B C I

* E= R.T. E= R.T.
:LAB3 AIR SIM SEA WATER

1-20HZ . 1-15HZ

A: 83.87 :.131
DELTA K B: 18. 18 :1. 57

* .MIN C:

9.00 :.141
10.00 :.242
13.00 : 751
16.00 : 155
20.00 : 2.99 2.31
25.00 : 5.31 4.97
30.00 : 8.25 8.36
35.00 : 12.0 12.4
40.00 : 16.7 17.2
50.00 : 30.7 29.9
60.00 : 54.5 49.4
70.00 : 95.3 80.3
80.00 : 165. 131.
90.00 : 285. 213.

100. 00 : 490. 350.
130.00 :1599.

A: 120. 15 1437.
DELTA K B: 153. 57 5368.

MAX C:

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

ROOT MEAN SQUARE 14. 01 20. 32
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.B-1. 25

% 'mSUMMARY 1. 25-2. 0
(NP/NA) 2

6.5-18
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CONDITION/HT: ALLOY
FORM: 1.25"TH FORGING YIELD STRENGTH: 198.0 KSI STEEL
SPECIMEN TYPE: WOL ULT. STRENGTH: 212. 5 KSI
ORIENTATION- T-L SPECIMEN THK: 1. 250"
STRESS RATIO: --0. 02 SPECIMEN WIDTH: 5. 000' HP9-4-

*FREQUENCY: REFERENCES:MA0125 2

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

ENVLR ENT: R1.1.11 100 ENVI O8NMENT: R.
LAW RVSIM SEA WATER

1-2 .1-20HZ 10-2 .1-15HZ______

10 - 010

10. 10-1

10-2 z10-2

4 -4
UlO - 10-

10-3 10- E

4 5

16, 10, 10 z
4V

10' 10-0

10-s10

10.6 10-6

1078 ..L .. ~i.L~ 1078  1 1 lilt
1 4 10 40 100 1 4 10 40 100

'' ENVIRONMENT: 10ENVIRONMENT:10

10 - 10

10-1 1

10-2 12

44 164

~*10~ _ _ _ _- 10
loE

10 10

101

.76.

106 16

-8~o- 1075 .±. u

106

*. . 1 4 10 40 100 1 4 10 40 100
AK (KSI ,/in) &K (KSI V/inh

Figure 6.5.3.3
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TAB~LE 6.5.3.4

FATIGUE CRACJA GROWTH RATES AT DEFINED LEYELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.4 INDICATING EFFECT

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

MATERIAL: ALLOY STEEL HP9-4-. 20
CONDITION: WELDED
ENVIRONMENT: R.T. .L.H.A.

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

A B C D

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

A: 15. 75 :.2E87
DELTA K B: 11. 48 :502

MIN C:
D:

13.00 .992
16.00 :.314 2.48
20.00 :1.02 5.25
25.00 : 2.62 9.46
30.00 :5.61 14.4
35.00 : 10. 1 20.6
40.00 : 15.6 26.6

50.00 : 30.4 54.6
V4 . 60. 00 : 50. 4

A: 62.95 : 57.3
DELTA K B: 51.28 59.4

- ~ MAX C:

ROOT MEAN SQUARE 6. 61 6. 65
* . 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

6.5-20
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'0: CONDITION/HT: WELDED ALLOY
FORM:WELDMENT YIELD STRENGTH: STEEL
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK: 0. 490- 0. 500"

* FREQUENCY: 6.00 HZ SPECIMEN WIDTH: 5. 010" H94
EVIRONMENT: R. T. *L. H. A. REFERENCES:8B579 .20

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

STRESS RATIO = -0. 30 10o STRESS RATIO +4-0. 50

162 1 2

101 10'

102 12

-l0 10 -

1O

10 10'

10* -o m0

1 OF 7

1078 .L1 .1 ILL I IL1J1111 1078 L .L
1 4 10 40 100 1 4 10 40 100

© STRESS RATIO = 100 STRESS RATIO= 10

1-2 ________ ________ -162

100

1 4 1 o3

u0 1101;

10 -3 10E

z E

10 - 100

.7 -7

106 z

1 4 10 40 100 1 4 10 40 100
AK (KSI VIfin) AK (KSI vT

Fvju r~C*~
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TABLE 6.5.3.5

F ATIOlUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSIrY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.5 INDICATING EFFECT

OF STRESS RATIO

MATERIAL. ALLOY STEEL HP9-4-. 20
CONDITION: WELDED
ENVIRONMENT: R. T. , L. H.A.

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

A B3 D

R=+0. 08

A 16.67 :.365
- -DELTA K4 B

MIN C:

20. 00 :.422
25.0 GO 1.77
30. 00 : 4.62
35.30 7.55
40.00 10.9 -

50.00 22.2

A: :54. 51 28.3
* DELTA K B3:

MAX C:
D:

ROOT MEAN SQUARE 7. 92
PERCENT ERROR

LIFE 0.0-0. 5
PREDICT ION 0. 5-0.8

RATIO 0. 8-1- 25 1
SUMMARY 1. 25-2.
(NP/NA) 2. 0

6.5-22
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CONDITION/HT: WELDED ALLOY
FORM: WELDMENT YIELD STRENGTH: STEEL
SPECIMEN TYPE: CT ULT. STRENGTH:

• " ORIENTATION: L-T SPECIMEN THK: 0. 510"
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 6. 000" HP-4-
ENVIRONMENT: R. T.. L. H. A. REFERENCESB57G 20

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

STRESS RATIO= 0. 08 STRESS RATIO =

162 102

10-1 10-1

1- a l 3 -- 10. -

* _1 0.2 10-2 10-

- 10' 10

10~ 1o4
. 10 -4 *~- 110

10 10

- - -i_:-1 7 -. - 10.. ' .10 .6, 10.6-

114 10 10"4  10

STRS1S6  1ET

,., - 10 5  - -100
.10..1 10.6

i o -- 1 110-

4 4 0 4 104 10 4)0

10-  I ,I I , ,1 1 1 1 1 , 0"6 I ,I , If T I I , 1- -1 -

-0 , e 1~ -o , o

10 E

- TESRTO-0 STRESS RATIO =10o

l6- - io2
- -.= ~~10- 1 _ .=1 -

010
10 - - 10-2  10.

(D 1061-

-'14 1 40-10 114 104 0 1 0 -
Fiur 6.53.

6.3

lO-6 -10.10

. 5 
.. E 10.5

10' _- 
Z-- .= 0.6-4 10.6

!!166 1o66 ", , ' ' "o "o ,, , " , ' ' ', o
z-'"Z K KSI ) ZK (K I -5

""'" F gure .1.3.

6.-7

-1 OF . . .. .. 
OF 7.. :. .

. . . . .
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TAB3LE 6.5.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.6 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-.20
CONDITITON: 1525F 2HRS AC.-1OOF 2HRS.- 1025F 4HRS

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

(KSI*IN**I/2)
A 13 C D

E= R.T. E= R. T.
L. H. A 6HZ 100%. HUM, 1HZ

A: 12.74 1.41
DELTA K B: 10.61 . .09

MIN C:

13.00: 1.48 1.72
16.00 : 2.49 3.26
20.00 : 4.23 5.77
25.00 7.09 9. 51
30.00 : 10.8 14.0
35.00 : 15.3 19. 5

Cv40.00 : 20.6E 26.3
50.00 :46.4

A: 48.33 . 32.4
DELTA K B: 54. 53 .59.,4

MAX C:

ROOT MEAN SQUARE 4. 31 6. 66
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.68-1,.25 1 1
SUMMARY 1. 25-2. 0
(NP/NA) >20

6.5-24
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"'IVV ~ iv .- L TV 7 - .7

-e, CONDITION/HT: 1525F 2HRS AC. -100F 2HRS. 1025F 4HRS ALLOY
FORM: 4. 00"TH BILLET YIELD STRENGTH: 178. 0 KSI STEEL

ORIENTATION- L-T SPECIMEN THK: 0. 990"

STRESS RATIO: -40. 08 SPECIMEN WIDTH: 8. 000" HP9-4-FREQUENCY: REFER ENC ES:88579.2

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

NVIRONMENT- R. 100 @ ENVIRONM E.NT: R.
LH A.HZ I MOX HUM. 1HZ

1 00 - 1 0-

10'3 10.1

102 10-2

-4 1_ 
___4_ 16

-0- o10- E 0
CE

z 5~1o~1
ITS 10-- z

i4 4
V 10 -

1 0 1 0 1 0

10 - 10

CI1076 10-6

1 4 10 40 100 1 4. 10 40 100

ENIOMN:lo @ ENVIRONMENT:10

100- 1010

1073 10'3

102 10-2_

~' 10 - 1103 -310 -E

~10-5 01 - 1

V 10-

166 -

1 0-6 10,6
* -8

80 1 8 1
1 4 10 40 100 1 4 10 40 100

~K (SI ~h&K (KSI v'Thn
Figure 6.5.3.6
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TABLE 6.5.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.7 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL HP9-4-. 20
CONDITION: 1525F 2HRS AC, -1OOF 2HRSt 1025F 4HRS

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

DELTA K DA/DN dO0**-6 IN. /CVCLE)
(KSI*IN**1/2)

.A B C D

R=+.08

A: 11.94 :1. 15
DELTA K B:

MIN C:
D:

13.00 :1.52
* .16.00 : 2.77

20. 040 4.6E5
25.00 :3 601
30.00 : 11.6E
35.00 : 16.4
40.00 : 21.9

A: 49. 96 36.8
DLA K B:

.. MAX C:
D:

ROOT MEAN SQUARE 3. 60
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

op.
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4 CONDITION/HT: 1525F 2HRS AC. -10OF 2HRS. 1025F 4HRS ALLOY
FORM: 4. 00'TH BILLET YIELD STRENGTH: 178. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 209. 0 KSI
ORIENTATION: T-L SPECIMEN THK 0. 990"
FREQUENCY: 6. 00 HZ SPECIMEN WIDTH: 8. 000" HP9-4-

-~ENVIRONMENT: R. T..* L. H. A. REFERENCES:88579 .20

&K (MPA -%,/) &K (MPA -%/M
4 10 40 100 4 10 40 100

STRESS RATIO -I .008 10STRESS RATIO

-10.1 10-1

12 -2

160

c 10- 3 10E
10 E

~10 10

V105 10 C

10- -6 0-

1- 100 4 104 10 4 0

102 11

1 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ io1
06 10

1 4 0 0 0 101 130 0

10' 1010

10. 10'

S102 -32
a) 10 E

z- - 0-50

~10-5 lo0~ z

.o4 
'a

V1 10

10- - 1

7 .O 7

10.6 10-

1 4 10 40 100 14 1 4 0

&K (KSI V/in &K (KSI VI7n)
Figjure 6.5.3.7
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TAB3LE 6.5.3.8

FATIGUE CRACK~ GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.8 INDICATING EFFECT

* OF STRESS RATIO

MATERITAL: ALLOY STEEL HP9-4-. 20
CONDITION: 152s-F :7HRS 00, -1QOF 2HRS.- 1025F 4HRS
ENVIRONMENT: R. T. , L. H.A.

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

A B C 13

R=+0. 08

A: 14.91 : 1. 68
DELTA K B:

MIN C:
13

16.00 : 2. 18
.0.00 : .99

* 25.00 : 6.04
30.00: 8.45 4

35.00 : 12.2
40.00 183. 9

A: 46.67 : 37.7
DELTA K B:

MAX C:
13:

ROOT MEAN SQUARE 8. 01
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

6.5-28
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CONDITION/NT: 1525F 2HRS CQ. -IOOF 2HRS. 1025F 4HRS ALLOY
FORM: 2. 50"TH PLATE YIELD STRENGTH:189. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 201. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 830'
FREQUENCY: 5. 00 HZ SPECIMEN WIDTH: 5. 990" HP9-4-

..-.ENVIRONMENT: R. T. *L. H. A. REFERENCESB8579 .20

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

STRESS RATIO =*-0. 08 10STRESS RATIO

162 -i
2

-10.1 101

107 1073 3

~12 10-2~

4 4

10' 101

106 01

10 4070 0 1 4F 10470

100

10.1 10.L1 11 081 1 1 11111 1 1 1 1

1 4 10 4 -0 0 4 0

110?

1- 10 .2

1%0. 100*

1 1F 107 103
2V

11 64 1

100

To. 10- 10o8 
1

.5-2

10 .6 1-6
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.TAB3LE 6.5.3.9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.9 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 20
CONDITION: 1525F 2HRS 00,-100F 2HRS, 1025F 4HRS

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. DIST. H20
6HZ 0. 1HZ

A: 8. 50 :.445
DELTA K B: 12. 13 :1. 92

MIN C:

9.00 :.565
10.00 :.859
13.00 : 2.14 2.43
16.00 : 3.72 4.68
20.00 : 5.61 8.73
25.00 : 7.75 15.2
30.00 : 10.2 22.9
35.00 : 13.7 31.7
40.00 : 18.3 41.4
50.00 : 31.0 64.0

- .60.00 : 48.0 90.8
70.00 :122.
80.00 :159.
90. 00 :203.

100. 00 :254.

A: 65.72 : 59.3
DELTA K B: 106.00 :268.

MAX C:

ROOT MEAN SQUARE 14. 55 3. 67
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 21
SUMMARY 1.25-2.0
(NP/NA) > 2. 0
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CONDITION/HT: 1525F 2HRS OQ. -100F 2HRS. 1025F 4HRSALO
11N FORM: 2.50"TH PLATE YIELD STRENGTH: 188. 0- 189.0 KSI IS EL

SPECIMEN TYPE: CT ULT. STRENGTH: 200. 0- 20 1. 0 KS I
ORIENTATION- L-T SPECIMEN THK: 0. 990- 1. 000'
STRESS RATIO: -- 0. 08 SPECIMEN WIDTH: 7. 400- 7. 410"H9--

*.FEQENY:REFERENCES:88579 . 204

&K (MPA V/W) AK (MPA ~~
4 10 40 100 4 10 40 100

ENVIRQNMENT: R.o .. E NVI Ol8NMENT:
L. H.. oIT.HI

-62 6HZ -62 0. 1HZ

10.1 10.1

lo1 10

; -4 -4

10 10'

io.o-1

Ci 1 10 1

107 -81L6~LLL

1 4 10 40 10014 100 10
tPN = I 1 ' ' ' 11 1 1 1 11 ,11= I I I I I© ENVIRONMENT: 10 ENVIRONMENT:10

* 1 0 ~ - 1 1 6 21 
0

-2 10-2

16 U

U 10-3
10E

Z 0' _ _ _ _-5 _ __ _ _ -

10' 106

1F 016 170

** 1 4 10 40 100 1 4 10 40 100

&S K (KSI v/7) &K (KSI v =m)
Figure 6.5.3.9
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TABLE 6.5.3.10

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* DATA ASSOCIATED WITH FIG-URE 6.5.3.1OINDICATING EFFECT

V OF ENVIRONMENT
--------------------------------------------------------------------------------------

MATERIAL: ALLOY STEEL HP9-4-. 20
CONDITION: 1525F 2HRS 00,10F2HS 1025F 4HRS

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

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

* E=- 65F E= R. T. E= R. T.
:L. H.A. 100%. HUM S. T. W.

A: 8.84 :.483
DELTA K B: 8. 69 :.711
MIN C: 11.00: 1.43

D:

9.00 :.513 .754
10.00 :.719 .932
13.00 :1.50 1.84 2.34
16.00 : 2.47 3.37 4.08
20.00 :4.03 6.26 6.94
25.00 :6.45 10.2 11. 1
30.00 :9.55 15. 4
35.00 : 13.6
40.00 : 18.8
50.00 34.0
60.00 54.2

A: 66. 62 68. 4
DELTA K B: 26.15 11.0

MAX C: 3 4. 39 19. 3

ROOT MEAN SQUARE 10. 79 16. 06 16. 333
--PERCENT ERROR

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

LIFE v
PREDICTION 0. 5-0.8

ft 32-&TO 08-1 25 2 -. 4. 1

(NPA)

6.5-32
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CONDITION/HT: 1525F 2HRS 0Q. -10OF 2HRS. 1025F 4HRS ALL.OYS
FORM: 2. 50"TH PLATE YIELD STRENGTH: 188. 0-1.0KSSTE
SPECIMEN TYPE: CT ULT. STRENGTH: 200. 0- 201.0 KSI L i
ORIENTATION- L-T SPECIMEN THK: 0. 993- 1. 0001
STRESS RATIO: -o0. 08 SPECIMEN WIDTH: 7. 400"H94
-FREQUENCY: 1. 00 HZ REFER ENCES:88579. 85837 .2

&K (MPA V/m) A K (MP A V/'M)
4 10 40 100 4 10 40 100

ENVIRONMENT: j 5110 @ ENVI O8NMENT: R. T..
L. H.A. * 1 100% HUM

10- -0 10

10-1 10.3

10 10 z

u id~

10 10 10

15- 55
S.1 0 10-

1 10

1 4 10 40 100 4 10 40 100__

E 4 RNMET10 ENVIRONMENT: 100

1-2 
2__ 

_ _ _ __ _ _ _ _

1 01 o -
1001 010 -

102  10-4

>1 104 4

lo 10 1oz

10' 10

- 110

10-6 106

1 4 10 40 100 1 4 10 40 100
AK (KSI -,/in) A K (K SI in)h
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TABLE 6.5.3.11

FATIGUE CRACK GROWTH RATES AT DEFINED LEYELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.11 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL HP9-4-. 20
CONDITION: 1525F 2HRS 00. -1OOF 2HRS, 1025F 4HRS
ENVIRONMENT: -65F, L. H.A.

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

*A B3 D

* R=+0.08

A: 9.54 :.473
DELTA K B:

MIN C:
D:

10.00 :.620
13.00 : 1.29
16.00 2.31
20. 00 4. 14
25. 0 0 6.65
30. 00 8. 61

A 3243. 9.20
DELTA K B:

MAX C:
D

ROOT MEAN SQUARE 10. 93
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
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CONDITION/HT: 1525F 2HRS CC. -100F 2HRS. 1025F 4HRSALO
FORM: 2. 50"TH PLATE YIELD STRENGTH: 186. 0 KSISTE
SPECIMEN TYPE: CT ULT. STRENGTH: 200. 0 KSI
ORIENTATION: T-L 0HZSPECIMEN THK- 0. 993"
FREQUENCY: 10HZSPECIMEN WIDTH: 6. 000" HP9-4-
ENVIRONMENT: - 650 F. L. H. A. REFERENCES:85837 -2

&K (MPA VIM) &K (MPA )
-. 4 10 40 100 4 10 40 100

STRESS RATIO =--0. 08 100 STRESS RATIO=

10 - 10

100

1 0' 10;

>.4 -4-

s10 - 10 E

1005 5O E

10 10-

10' 101

107r 1 -

18 71
- 106

1 4~ 10 40 104 10 4 0

10I 1J 1 i i 1i 1 -tfl 1 1 .L...L .L1 L...-..±.i.

STRESS RATIO = 0STRESS RATIO= 100

-62 10___ 
_ __ _ _ _ _ -12

10 1

10>' 10>3

10 1.)-2

E~- 10 103 E

z
~10 1, 0

4 4-

10 10'~

10 06 10-6

1 4 10 40 100 1 4 10 40 100
A K (K SI -in)iur ~ .31 AK (KS I -in)
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TABLE 6.5.3.12

FATIGUE CRACK GROWTH RATES AT DEFINED LEvEL-m
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.12 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-.r 20
CONDITION: 1525F 2HRS OG,-100F 2HRS, 10215F 4HRS

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

A B3 C D

E=- 65F E= R. T.
:L. H.A. L.Hl. A.

A: 13.068 .738
DELTA K B : 11.34 : .68

*MIN C:

13.00 .1 62
16.00 1.30 3. 12
20.00 2.43 5.05
25.00 4. 55 7. 19
30.00 : 7.54 9.43
35.00 11. 5 12.3
40. 00 16. 5 16. 4
50.00 29.7 29.9
6000: 47.2 51. 3
70. 00 80. 0

A. 83.46 54.3

DELTA K B: 72.79 89.0
* .MAX C.

ROOT MEAN SQUARE 3.837 11.94
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

6.5-36
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CONDITION/HT: 1525F 2HRS 0Q. -10OF 2HRS. 1025F 4HRS
FORM: 2. 50"TH PLATE YIELD STRENGTH: 188. 0 KSISTE
SPECIMEN TYPE: CT ULT. STRENGTH: 199. 0 KSI
ORIENTATION- T-L SPECIMEN THK: 0. 990"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 7. 400" HP9-4-
FREQUENCY: 1. 00 HZ REFERENCES:ee579.2

* AK(MPA Vm &K (MPA V/T)
4 10 40 100 4 10 40 100

ENVIRONMENT: - 5 . 10 ENVI ONMENT: R.Y'1II
L. H.A. L. H. A.

100- -010

20 10-2

102 10

4 4

1 0 1 0- 10 E

E
z 51~,o 10'

~j-4 _0j4
100c

-5 -6
10 10

1 OF 70

.6 1

10-8 L1 1 1 L I 1 J -11 10-8 1 1 1L 1..iL
1 4 10 40 100 1 4 10 40 100

*ENVIRONMENT: 100 @ ENVIRONMENT: 100

10-1 10

12 2 _

- 4 -4

C 10

10- i~ 10 3E

v104 104

-6 -610 10 10

1 4 10 40 100 14 10 40 1007
AK (KSI v/1W &K (KSI vIh
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TABLE 6.5.3.13

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.13 INDICATING EFFECT

OF STRESS RATIO

-MATERIAL: - ALLO-Y STEEL - --HP9-4-. 20- - - - - - - - - - - - - - - - - - - -
CONDITION: 1525F 2HRS 00, -IOF 2HRSP lC25F 4HRS
ENVIRONMENT: R. T. , L. H.A.

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

*A 13 C D

* R"=+0. 05

A: 19.41 : 6.79
DELTA K B:

MIN C:

20.00 : 6.90
25.00 . .40
30.00 : 10.8
35.00 . 14. 1
40.00 : 18.6
50.00 : 32.1

* 60-00 : 53.9
*70.00 E367. 6

80.00J 138.
90.00 : 212.

A: 95. 59 : 266.
DELTA K B:

MAX C:

ROOT MEAN SQUARE 16. 27
PERCENT ERROR

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

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

6.5-38
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CONDITION/HT: 1525F 2HRS OQ. -10OF 2HRS. 1025F 4HRS ALLOY
FORM: 4.00"TH BILLET YIELD STRENGTH: 188. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 204. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 1. 990"
FREQUENCY: 1.00 HZ SPECIMEN WIDTH: 5. 990" H94
ENVIRONMENT: R. T. *L. H. A. REFERENCESS8579 .20

AK (MPA .V/m) &K (MPA Vm

4 10 40 100 4 10 40 100

STRESS RATIO * +0. 05 10STRESS RATIO=

16 -F '2 1 _____1_-2

c10.1 10-31

010 -10

102 1'a

7 7
i 10 7 - 0 10* 10 ,6

1- 166 10Z

c-a-2
110

10 40 10
I' 10I' 0I E'111 0

100-
10.1 10

10.2 102;

_ _ _ _ _ -o 5o

10' 10o6

10 166

1 4 10 40 100 1 4 10 40 100
AK (KSI ~ Figure 6.5.3.13AK(I Th

6. 5- 39
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TABLE 6.5.3.14

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.14 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL HP9-4-. 20
CONDITION: 1525F 2HRS OQ,-100F 2HRS, 1025F 4HRS

ENVIRONMENT: R.T. , L.H.A.

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

A B C D

. R=+O. 08 R=+0. 30 R=+0. 50 R=+0. 70

A: 12.52 " 1. 28
DELTA K B: 8. 62 .505

MIN C: 9.59 • .674
D: 5.66: .183

6.00: .197
7.00 " .310
8.00 . 551
9.00 .568 .943
10.00 : .771 .819 1.44
13.00 : 1.43 1.76 2.07 2.87
16.00 : 2.58 3.35 3.43 4.54
20.00 " 4.57 6. 11 7.78
25.00 " 7.77 9.32 13.6
30.00 " 11.8 21.2
35.00 " 16.6
40.00 2 22.4
50.00 : 37.6
60.00 58. 7
70.00 " 87. 8
80.00 • 128.
90. 00 : 181.
100. 00 • 233.

A: 102. 55 ' 275.
DELTA K B: 27. 08 1 10.2

MAX C: 19.92 " 5.62
D: 33.41 : 27.3

ROOT MEAN SQUARE 4. 66 16. 89 2. 93 17. 74
PERCENT ERROR

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

RATIO 0. 8-1. 25 -"11

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

6.5-40
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CONDITION/HT: 1525F 2HRS DQ. -10OF 2HRS. 1025F 4HRSALO
FORM: 4. 00"TH BILLET YIELD STRENGTH.186. 0- 189.0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 203. 0- 211. 0 KS I
ORIENTATION: L-T SPECIMEN THK: 0. 991- 1. 000"
FREQUENCY: 6. 00 HZ SPECIMEN WIDTH: S. 000- S. 01"Hg--
ENVIRONMENT: R. T..* L. H. A. REFERENCESS9B579. 85837 .20

&K (MPA VIM) &K (MPA NVm)
4 10 40 100 4 10 40 100

STRESS RATIO = -0. 08 10STRESS RATIO -.,0. S0

100 - 1 0-

1001 103

12 
-2

L).

~ 100-

10 10E

10 lo 10,
m _~- 104

-7 __ ___ ____ 4- _10_

166_ _- 
O

168 06 1

1 4 10 40 100 100 0 0
1~z 4 10 40 100-

STRESS RATIO J..0. 50 10 STRESS RATIO ..,0.70 100

10 101
.-... ~p10110-1

o73  7-__ _ __ _ 
3__ _ __ _

10,-2 10' 2.

4 1O 4 U

10 10 E
10 10-

z E

~110'

6166 -66

-O7 -7

10- -61

1 1 10 10 10 1 0 0

AK (KSI ~ Figure 6.5.3.14 A KI~/~
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TABLE 6.5.3.15

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.15 INDICATING EFFECT

OF STRESS RATIO

* . MATERIAL: ALLOY STEEL. HP9-4-. 20
CONDITION: 1525F 2HRS 00, -1OOF 2HRS, 1023F 4HRS

* ENVIRONMENT: R. T. ,100% HUM

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

*A B3 C D

* R=+0. 30 R=+0. 50

*.A: 7.60 .371
DELTA K B: 6.77 .. 615

MIN C:

7.00 .670
8.00 .371 .923
9.00 .532 1.20

10.00 :.958 1. 52
13.00 : 2.77 2.80
16.00 : 4.66 4.90
20.00 7.69 8.31
25.00 : 15.0

A: 25.00 : 15.0
DELTA KB: 23.21 :9.80

MAX C:
D:

ROOT MEAN SQUARE 19. 42 17. 66
* 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

6.5-42
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CONDITION/HT: 1525F 2HRS OQ. -10OF 2HRS. 1025F 4HRSALO
FORM: 4. 00"TH BILLET YIELD STRENGTH: 189. 0 KSI STE
SPECIMEN TYPE: CT ULT. STRENGTH: 203. 0 KSI
ORIENTATION: L-T SPECIMEN THK. 0. 986- 0. 987'
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 7. 400" H94
ENVIRONMENT: R. T.. 100% HUM REFER ENCES.-85837 20-4

.4.r

AK (MPA -%/M) &K (MPA \/-m)
4 10 40 100 4 10 40 100

STRESS RATIO =-40. 30 IVSTRESS RATIO =-0-0. 50

i62 162

10101

02 -

4 u
>..-4>.

o l0 -3 10E

z 10 E__ 
_-1

m io

10' -1

io75

10F 16 7

1 4 10 40 100 4___10___40___ 100_

STRESS RATIO loTES oIO 0

1 0 - 21 
6 S T R E SS__ 

_ 

R A T IO__ 

_ -
1 0

10I 10

10-

10103

16 10~ 10 10 -

E

10-10
1 0-40

1 71 0 6 
10 - 6

1 4 10 40 100 1 4 10 40 100

AK~F (AIV7)K (KSI in)
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TABLE 6.5.3.16

FATIGUE CRACK GROWTH RATES Ar DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.16 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 20
CONDITION: 1525F 2HRS OQ,-100F 2HRS, 1025F 4HRS

DELTA K DA/DN uo0**-6 IN. /CYCLE)

A B3 C D

E= R.T. E= R. T.
:L.H. A. L. H.A.
SP. THK.-. 260"1 SP. THK. =. 504"1

A: S. 16: .393
DELTA K B: 9.68 :.531

MIN C:

9.00 :.477
10.00 :.688 .574
13.00 : 1.60 1.64
16.00 : 2.84 3.24
20.00 : 4.68 5.65
25.00 : 7.76 9.61
30.00 : 10.9 13.9
35.00 : 14.6 19. 1
40.00 : 19. 1 25.4

-~50.00 : 30.6 37.4
60.00 : 44.8

A: 68.23 : 57.6
DELTA K B: 5 3. 22 :39.4

-MAX C:

ROOT MEAN SQUARE 2. 81 14. 12
PERCENT ERROR

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

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 11
SUMMARY 1. 25-2. 0
(NP/NA) >.

* 6.5-44
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K::CONDITION/HT: 1525F 2HRS DO. -100F 2HRS. 1025F 4HRS
0. FORM: 4.00"TH BILLET YIELD STRENGTH: 186. 0 KSI

SPECIMEN TYPE: CT ULT. STRENGTH: 211. 0 KSI
ORIENTATION- L-T SPECIMEN THK:
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 8. 000"HG4
FREQUENCY: 6. 00 HZ REFER ENCES:88579. 85837 . 204

AK (MPA V/i) AK (MPA V7)
4 10 40 100 4 10 40 100

NVIRQNMENT: R. . 100 ENVIE ONMEN~T: R.
V.H.i%. L. H. A.

-2 SP. THK. -. 260" -2 SP. THK. -. 504"
102 10

- 10-1 10-1

1 0 3 1-

10-2 1 -2

s 10, 10
E

1 0 z0
~~~ 10- 0-4

V 10-

10- -010

106 ______ 107

CIO, -10'6 10o6

10-8 .L .L AL 1 1.±..LLL 10- 1 -1jj
1 4 10 40 100 1 4 10 40 100

I I T 1 11' 1 1 ' I0 1 1 1111 1 1 1 1 fill© ENVIRONMENT: 100 ENVIRONMENT: 100

100 10 1 1

1IF 10 10.

__ _ __ _ __- 10-2 2 ;
010

4 4

s1 10- 10 E
10

10 10~ zo

__ __ __ __ - 74 4o

40-

V10- 10. 5

10-

10-7

1 4 10 40 100 1 4 10 40 100
&K (KSI ,/in) AK (KSI vyin)

ES. 5-4%

-~---. -- --- - - -- - - . .~- . - S-. --. - - -
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1 ABLE 6.5.3. 17

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3. 17 INDICATING EFFECT

OF ENVIRONMENT

MATERITAL: ALLOY STEEL HP9-4-. 20

* CONDITIN 153 HBO,-100F 2HRS, 1025F 4HRS

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

A B C D

E=- 65F E= R. T. E=. .E= R. T.
:L. H.A. L. H. A. S. C. S. S. T. W.

A: 14.63 1.45
* DELTA K B: 12.61 1.35

MIN C: 5.66 .101
D: 5.62 :.144

6.00 :.123 .172
7.00 .195 .265
8. 00 . 288 38S
9.00 :.416 .546e

*10.00 :.596 .742
13.00 :1.49 1.53 1.59
16.00 : 2.05 2.77 2.97 2.87
20.00 :4.96 5.44 5.26
25.00 8 .32 8.98 9.23
30.00 :12.6 12.6 14.0
35.00 :16.4 16.0 19.2
40.00 :26.5 19.0 24.4
50.00 40.9

A: 18.90 2.64
DELTA K B: 55.93 41.2

MAX C: 4 1. 06 19.6
D: 43. 29 27.86

ROOT MEAN SQUARE 12. 87 13. 81 13. 6 5 6. 38
PERCENT ERROR

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

RATIO 0.8e-1. 25 1 1 1 t
SUMMARY 1.25-2.0

*4 (NP/NA) > 2. 0

* 6.5-46
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*O CONDITION/HT: 1525F 2HRS OQ.-1OOF 2HRS. 1025F 4HRS ALLOY
FORM: 4.00"TH BILLET YIELD STRENGTH: 186. 0- 189. 0 KSI STEEL
SPECIMEN TYPE. CT ULT. STRENGTH: 203. 0- 211. 0 KSI
ORIENTATION L-T SPECIMEN THK: 0. 989- 1. 000"
STRESS RATIO: -0.0 8 SPECIMEN WIDTH: 6. 000" -4-
FREQUENCY: 1. 00 HZ REFERENCES:85837. 8857.J .20

-" .AK (MPA ,/m) AK (MPA Vrm)
" 4 10 40 100 4 10 40 100

ENVIRONMENT: - 100 E NT: R.

L.H.A. L.H.A.
162 io2

1101 101

. O - 10 10

@7 z

u- 4
10 10ou

10 .  10 - z

-6 "1-6 _~

100 E
-5o

10-  10

100
1---LL.±J...l.. 10", 4 10 ~l: 40i'' 10 6

4 10 40 100 100© I' I'I'I l R.,L''' 0II'

E&VIRqNMENT: R. 1..10 o1@ IRMENT. R100

100 101
0

3  10 - 3

10 -02 -2
) 10 103

>1 . 4 >1
. 100.

io3 3 E0 10-.  E

-, " 10 4  10-4

-6 -6
10 - 10

110-

o7
-

16 161

. .. .10 s6 ,10-6

. - -- o ........ LL'o.....L.LLL.L - ° 10 - -...LL

1 4 10 40 100 1 4 10 40 100
.".- &K (KSI v/1) & K (KSI V i)AK(KI-[ Figure 6.5.3.17
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TABLE 6.5.3.18

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

DATA ASSOCIATED WITH FIGURE 6.5.3.18 INDICATING EFFECT

OF FREQUENCY

MATERIAL: ALLOY STEEL HP9-4-. 20
CONDITION: 1525F 2HRS 005 -100F 2HRS, 1025c' 4HRS
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)= 9.00

A: 10.61 E3.28
* DELTA K B: 3.86 .0601

MIN C:

4. 00 .0651
5. 00 :. 131
6.00 .199
7.00 .293
8.00 .. 418
9.00 .578
10.00 .779
13.00 1.54 1.67
16.00 : 2.74 3.06
20.00 : 4.58 5.77
25. 00 7. 19 10. 5
30.00 : 10.3 16. 5
35.00 : 14.3 23.4

40.00 19.4 30.6

A: 58.49 49.8
DELTA K B: 43.08 35. 1

MAX C:

ROOT MEAN SQUARE 2. 77 5. 07
PERCENT ERROR

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

RATIO 0.8-1.25 1 1
SUMMARY 1. 25-21.0
(NP/NA) >20

@1 6.5-48
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CONDITION/HT. 1525F 2HRS OQ -10OF 2HRS. 1025F 4HRSALO
FORM: 4.00"TH BiLLET YIELD STRENGTH: 186. 0 KSI TE
SPECIMEN TYPE: CT ULT. STRENGTH: 211. 0 KSI
ORIENTATION: L- SPECIMEN THK: 1. 000"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 6. 000" HQ4

-ENVIRONMENT: R. T..* L. H. A. REFER ENCES:88579 2

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

FREQUENCY (Hz) 0.10 100FEUNY(z .0

- 10.1 10-1

lo 10 1021
10 -4

110
101

010 10 Iu
* 10' 10'

-10 
10 51 o

10Z 0-

ci. 1 1 6

1 4 10 40 10014 100 10
- . ~~I' I' f[ill' I I'II 10FEUNY(z10

*.FREQUENCY (Hz)10FEUNY(z10

1 62 - i 2

10.1 
1.

3 _______ 1073
*10

1 -2 1 -2

c 3

10 10o3 E=
E

z -5 - 05

10 1

10. 106
S1

108~~~~~~~~~0 5~~J.~J-.iLL-18 iLLi.

1 4 10 40 10 1 4 104 0

AK (KSI v'T7) AK (KSI =in)
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TAB3LE 6.5.3.19

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.19 INDICATING EFFECT

OF FREQUENCY

* . ATERIAL.: ALLOY STEEL HP9-4-. 20
CONDITION: 1525F 2HRS 00,-100F 2HRS, 1025F 4HRS
ENVIRONMENT: R. T. ,100% HUM

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

A B C D

F(HZ)= 0.10 F(HZ)= 1.00

A: 10.13: .423
DELTA K B: 9.79 . 555

MIN C:
D:

- -. 10.00 :.623
13.00 : 1. 54 2. 09

*16.00 3. 44 4. 22

20.00 : 6.63 7. 39
25.00 11.0 11.2
30.00 15. 4 14.9
35. 00 20. 1 18. 9
40.00 252 24. 1
5000 385 40.6

A 55.79 490
D ELTA K B. 59.72 - 7 2.6

* * MAX C:

ROOT MEAN SQUARE 6.79 10. 69

PERCENT ERROR

LIFE 0. 0 -0. 5
* PREDICTITON 0. 5-0. 8

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

* (NP/NA) '>2. 0

S..
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CONDITION/HT: 1525F 2HRS 00. -10OF 2HRS. 102bF 4HRSALO
FORM: 4.00"TH BILLET YIELD STRENGTH 185. 0 189. 0 KSI

*SPECIMEN TYPE. CT UILT STRENGTH 203. 0- 211.0 KSI
*. ORIENTATION: L-T SPECIMEN THK o. gag- 1.o000'

* STRESS RATIO: -0.08e SPECIMEN WIDTH 6.0001, HP9-4--
ENVIRONMENT: R.T..100% HUM REFERENCES 98579. 85e37 .20

&K (MPA -,/m) &K MPA
4 10 40 100 4 10 40 100

I I 111 I I 7

FREQUENCY (Hz) 0.10 100 FREQUENCY (Hz) c1.00

- 10 10 1

o3  
-0-

102 102

>1 -64 -4

-SO 100

Z -~ E

'm 10 -10 - z

10- 4 100

i 5  5
10 o 7 010

16 16

-I-1 4 10 40 100 1 4 10 40 100
* ~ ~ I~~ - rITIM I 1 'I1II 1TT11T

FREQUENCY (Hz) = 0FREQUENCY (Hz) =100

1- 162

101 10'

i o- 3 io 3

10-2 -2
_ 10;

4 4
-6 10

10 10-3 E
E

70 10- 10~ - Z
4 40-4V 10- 10 m

10- -10

17 10-7

1 06 106

1 4 10 40 100 1 4 10 40 100o

Fi ; r - . . . .
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TABLE 6.5.3.20

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.20 INDICATING EFFECT

-> OF STRESS RATIO

MATERIAL: ALLOY STEEL HP9-4-. 20
CONDITION: 1525F 2HRS OQ,-100F 2HRS, 10'25F 4HRS
ENVIRONMENT: - 65FL.H.A.

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

A B C D

R=+0. 08

A: 17. 18 E3 2. 64
DELTA K B

*MIN C
D

20.00 3.33
25.00 4.9c6
30.00 : 7.27
35.00 10. 5
40.00 14.9
5000 27.B
60.00 47.3
70.00 : 74.3
630. 00 : 109.

A: 86.96 138.
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-I4 25 1
SUMMARY 1. 25-2 0
(NP/NA) >2. 0

6.5-52
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CONDITION/HT: 1525F 2HRS DC. -lOOF 2HRS. 1025F 4HRSALO
FORM: 4. 00"TH BILLET YIELD STRENGTH: 188. 0 KSISTE
SPECIMEN TYPE: CT ULT. STRENGTH: 204. 0 KSI
ORIENTATION: T-L SPECIMEN THK: 1. 000"
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 6. 000" HP9-4-
ENVIRONMENT: - 5 F. L. H. A. RIEFERENCES:98579 .20

4 10 40 100 4 10 40 100

STRESS RATIO =--0. 08 10STRESS RATIO=

1010 10

*10' 10;
4 U

16 -4 -4

1 0 1 03
E

l~o

-6~o- -6____4___
10 101

10 10-

1 4 10 40 100 1 4 10 40 100

STRESS RATIO 10STRESS RATIO= 100

10.1 10.1

10- - 10'

102 102

4 4

- 10 103 E

100

lo 110

10 - 10

16 166

-8- -8-

10F, .... J...L.L ..... LL L I 10 OF7 .L.L L L

*1 4 10 40 100 1 4 10 40 100

Figure 6.5.3.20

6.5-53
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TABLE 6. 5.3. 21

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.5.3.21 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL HP9-4-. 20
* CONDITION: 1525F 2HRS OQj-100F 2HRS, 1025F 4HRS

ENVIRONMENT: R.T. L.H.A.

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

A B D L

R=+0. 05

A: 24.44 2.98
DELTA K B :

MIN C:

25.00 : 3.70
30.00 : 9. 15
35.00 : 13.3
40.00 : 17.9oi
50.00 : 29.7
60.00 : 47.1
70.00 : 74.0
80.00 : 116.
90. 00 : 175.

A: 97.82 : 236.
DELTA K B:

MAX C:

ROOT MEAN SQUARE 16. 46
PERCENT ERROR

LIFE 0. 0-0. 5
-. PREDICTION 0.5-0.6
*RATIO 0.8-1.25

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

47,

6.5-541
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* CONDITION/HT: 1525F 2HRS OQ.-1OF 2HRS. 1025F 4HRS ALLOY
FORM: 4. 00"TH BILLET YIELD STRENGTH: 188. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 204.0 KSI
ORIENTATION: T-L SPECIMEN THK: 2. 000
FREQUENCY: 1.00 HZ SPECIMEN WIDTH: 5. 810" HPg-4-

" - ENVIRONMENT: R. T.. L. H. A. REFERENCESS8579 .20

. * K (MPA -,/'m) AK (MPA -'/m)
" - 4 10 40 100 4 10 40 100

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

10. , 10

10 
-- 100

-

S. 1 102- 10-3

.2 -
2

.U 101 10" 4-

S0-3 3 E
10 E

, 0 ---- 
0 4  -- 

0

10.: 0 L - 06  10 -

6 -1-66____o- ____ _o

10 - 10
100-07

1ii____1__ -- o6

0-8 17
1"4 10 40 100 10 4 10 40 100

STRESS RATIO STRESS RATIO 10

io2 1162
10

3 1--3
100

U 4 0

-4 104 -

10c~ E

10 10 -

io-4,

1 o7  
-

_-_-

10076-7

-. '..: = - ---- = 010

"' .10- 10100 - - .

1 40 1 10 -- 10.I_
14 10 40 1 4 10 40 100

AK (KSI 'n) AK (KSI 'ni
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* s.'.TABLE 6.6.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.6.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY ST*EEL HP9-4-. 20(CEVM)
CONDITION: ANNEALED

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

A B c D

E= R. T. E= R. T.
LAB AIR SIM. SEA WATER
5-10HZ 1-20HZ

A: 10.59 1.04
DELTA K B: 11.52 1.04

MIN C:
D:

13.00 2.03 1.59
16.00 3.62 3.03
20.00 . 6. 19 5.56
25.00 9.93 9. 51 .
30.00 . 14.2 14.2
35.00 : 16. 9 19.6
40.00 : 24.2 25.8
50.00 : 37.0 40.7
60.00 53.7 59.8
70.00 : 75.6
80.00 104.

A: 839.69 141.
DELTA K B: 63.26 67.1

MAX C:
D:

ROOT MEAN SQUARE 7. 22 9. 60
PERCENT ERROR

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

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

*(NP/NA) > 2. 0

6.6-2
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0. 1.4

CONDITION/HT: ANNEALED ALLOY
FORM: 3.00"TH FORGING YIELD STRENGTH: 191.B KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 204. 2 KSI

>" ORIENTATION- L-T SPECIMEN THK: 0. 997- 1. 003"

STRESS RATIO: -0. 10 SPECIMEN WIDTH: 7. 400" HP9-4-
- FREQUENCY: REFERENCES:NCO02 20 CEVM

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

ENVIRONMENT: R. .1 10 ENVI.ONMNT: R.
LAB AIR SIM. SEA WATER

1 -2 5-10HZ 10 -2 1-20HZ

100 
10-3

101 101

i-' - 10 10 -2 _

>1 -4 -4

-10 0 0

E
Z 5E

l 1o 1o, z

,10 
- - 10 -

10,6 
1 0

I10 7 - o -- ,o
10

10-8  I , i0 8 1
1 4 10 40 100 4 10 40 100

m! III I I 1 1 11 t= 11 11 1 1 1
•©. ",ENVIRONMENT: 10 0 ENVIRONMENT: 100

10-2 
1 2

10.1 1011

1,,. " - -2o-

1 .Pr' '10
4 

-- 2 10
4 

- - 102 "

,. .10-U3103zo E

rii: Z 105  -- 10 5  -Z

10 106 - - - 0 -

10 -- 10

..-- 10.  -- 10. 6

' 0I 
10-6

o1 4 10 40 14 10 40 100

"'"AK (KSI v'T) AK (KSI v' )

%... Fiqure .6.3.1
G 6-3

lO". -- -- -

I::-6
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7 .- "y-. -6 -I-. .4. - 1 -I

TA13LE 6.6.3.2

FATIGUE CRACK~ GROWTH RATES AT DEFINED LEYELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.6.3.2 TNDIGATING EFFECT

OF ENVIRONMENT

MATERIAL. ALLOY STEEL HP9-4-. 20(CEYM)
CONDITION: ANNEALED

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

A B C D

LAB ER. T. E= R. T.
:LBAIR SIM. SEA WATER

10-15HZ 1-10HZ

A: 10.03 : 9263
DELTA K B: 11. 55 :1. 16

* .MIN C:

13.00 2. 17 1.73
16.00 : 3.64 3.22
20.00 : 6. 53 5.76
2 5. 0 0 10. 5 9.77
30. 00 15. 1 14.68
35.00 : 20.5 20.2
40.00 26.7 26.8
5-0.00. 42.9 43.6
60,00 . 65.7 86.6
70. 00 96. 1
80.00 144.

A: 837. 05 188.
DELTA K B: 65.96 84.3

OftMAX C:

ROOT MEAN SQUARE 8. 76 8. 20
PERCENT ERROR

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

6.6-4
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CONDITION/HT: ANNEALED ALLOYT
FORM: 3.00'TH FORCING YIELD STRENGTH: 192. 2 KSI ISTEELJ
SPECIMEN TYPE: CT ULT. STRENGTH: 204. 8 KSI
0 ORIENTATION- T-L SPECIMEN THK. 1. 003- 1. 004"
STRESS RATIO: *0. 10 SPECIMEN WIDTH: 7. 400"HQ4
FREQUENCY: REFERENCES:NC002 20 CCEVM

AK (MPAv'i &K (MPA -V/M)
4 10 40 100 4 10 40 100

'h, ENVIRONMENT: R. loo 10 ENVIFIONNIMENT IR. T.
LAB AIR SIM. SEA WATER

162 10-15HZ _____ 2 1-10HZ _____

10.' 10.1

1 0.3 3 0

10-2 1 -2

>1 -4 1-4

L) 16 L)

-3 3 E
C 10 __ _0__ __ E 0

10 1010

~1o4 4 0
10 10

100

10 107

10.2 10-6

108 -u 1078
10 4 E0 4 0 0 4 0

ZZ

-~~ 10-1i~

lo0

10' 0,

-77

10 -10.6 106

' 104 10 40 10 1- 4 04 0
~K(SIVio7K KI 4~

'aur 6.603.

16 6.6-

. ... .. %

~ .A. .~ S ~ S-'..,.-...-. ..- - .................

7 7'a s a * t~. . . . ..
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4.

TABLE 6.8.3.1"-''

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 30
CONDITION:

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

• A B C D

S E= R.T. E= R.T. E= R.T.
:H20 SATURATED DIST. WATER 3. 5% NACL
JP-4 FUEL

A: 16.82 : 1.76
DELTA K B: 14.06 : .486

MIN C: 12.13 : .768
D:

13.00 : .880
16.00 : 1.09 1.50
20.00 : 2.49 2. 86 3.02
25.00 - 4.93 5.39 6.14
30.00 : 9.01 8.58 10.2

A: 32.11 • 11. 1
DELTA K B: 32. 59 " 10. 9

MAX C: 31.67 • 11.6
D:

ROOT MEAN SQUARE 7. 46 16. 31 10. 25
PERCENT ERROR

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

RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) >2.0

I
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-- - -~ - - - - -~ -

CONDITION/HT:
* FORM: 0.B3"TH PLATE YIELD STRENGTH: STE I

SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: -o0. 00 SPECIMEN WIDTH:

, .FREQUENCY: 15. 00 HZ REFERENCES.88140 HP9-4-

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

111111 1 Ft =I' I 1 Y 11,11 =F
ENVRJ R T . 100 E NVI1 0 NMEN T: R'Y
H20 ARATED JP-4 01T. WATER

162 FUEL 
162___ - _ _ _ _ _ _ _ _

10- 10-

101 10.11

- -02 i0 2

0~1 10________

So4  
-10 4

'UU
100 13 0 0-

z 10

* .. 10-- 105

1o74 104

-86

1 4 10 40 100 1 4 10 40 100

0~VQ T R. @ F1777-r ~ T77r- 0100 ENVIRONMENT: 100

10 - 010
10 10.

10.2 10.2

- 10-2

-3
10 3E

Z _____ __ 100

~io -

10 105

10 10 10

1 o6S 10.6lf IIlit

1 4 10 40 100 1 4 10 40 100
AK (KSI V'n i~ 81AK (KSI VIR
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TABLE 6.8.3.2 § I
FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTORIDATA ASSOCIATED WITH FIGURE 6.8.3.2 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 30
CONDITION:

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.
:H20 SATURATED ALT. JP-4 FUEL DIST. WATER
JP-4 FUEL & DIST. WATER

A: 32.39 : 17.4
DELTA K B: 31.49 16.3

MIN C: 33.22 :25.6
D:

35.00 : 19.8 23.3 25.7
40.00 : 25.5 32.8 28.7
50.00 . 49.2 80.1 51. 7
60.00 : 131. 141. 136.
70. 00 : 480. 474. 472.
80.00 :2264. 1964.

A: 79. 839 : 2259.
DELTA K B: 62.06 :3250.

MAX C: 81.07 :2335.
D:

ROOT MEAN SQUARE 15.69 20.13 13.20
PERCENT ERROR

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

*LIFE 0.0-0.5
PREDICTION 0.5-0.8

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

S 6.8-18
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" =J CONDIT ION/HT: F AILLOYi

FORM: 0.N "TH PLATE YIELD STRENGTH: STEEL

-SPECIMEN TYPE: C ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: *B. 10 SPECIMEN WIDTH: HP9-4-
FREQUENCY: 1. 00 HZ REFERENCES:88140 .P3-4

.30

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

EN IR N . 1I ' I'i 'I l . 'l 'i'' "ENVIRON E R- ENVIRONMNT: R.

H20 ATRATJED JP-4 ALT. JP-,( FUEL AND
- FUEL 1 '2  DIST. WATER

10-2 -

S10.1 101

10.2 102

.% 1064 _ 0"
lO8  _10 _

C 10 _ 10.3 E

;10 - 1 z

*0 1" = 10"6~
1 a5  10

©N 100 ENVIRONMENT: 100

10 102

10.1 10 -1

N"- R 100 1 3

10"2 10.2

0.4 U
- 16 _ 104

16 U

1o 1-1000

E

- -
4  4

10 - 10

10 1 1 l6

.7 -- 7

10.6 10.6

3 '... 10, I , 1,1 . .IJ I~ a ,II 10"  I. , I ,L 1, I 1 I ,II,
8. 1 4 10 40 100 1 4 10 40 100

AK (KSI ,/n) AK (KSI VIM)
Figure 6.8.3.2
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TA13LE 6.8.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.3 INDICATING EFFECT

OF ENVIRONMENT
-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --4- - - - -

MATERIAL: ALLOY STEEL HP9-4-.30
CONDITION:

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

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

*A B C D

* E= R.T. E= R.T.
:3. 5% NACL S. T. W.

A: 33.69 : 16.1
DELTA K B: 33.79 :17.7

MIN C :

iD

35.00 : 18.3 20.1ils40.00 : 26.9 31.2
50.00 : 53.6 67.0
60.00 : 135. 171.
70. 00 : 478. 574.
80. 00 : 2374.

A: 81.70 : 3215.
DELTA K B: 74.63 :1106.

MAX C:

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

V ROOT MEAN SQUARE 19. 65 8. 94
PERCENT ERROR

p -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..---- ---- ---- ----

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

RATIO 0.86-1. 25
SUMMARY 1.25-2.0

N(NP/NA) >2.0

6.8-20
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CONDITION/HT: ALLCY
FORM: 0. 53"TH PLATE YIELD STRENGTH: STEEL
SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: -0. 10 SPECIMEN WIDTH: HPg-4-

" FREQUENCY: 1.00 HZ REFERENCES:8140
.30

AK (MPA ,/) &K (MPA -. /)

4 10 40 100 4 10 40 100

."" RE l' I I4NVIRONMENT: R.

- V 5 N:L S. T. W.

1l2 
162

m - 10.1 10.1

1
2  1 3  10-2 -

0) - 102

> .4 1-4

.w 10-3 10 E

-0 1075 -.o.4 lo7 s

-6 _6_______10
. 4 __ _ ___ _ __ 10

"

106- 106

1o- 10

_ .- 10

1 4 10 40 100 4 10 40 100
,.f,,', ---- I 1 I 1 l'l1 1 1 I 1 1 "I 1 1
%2z - ENVIRONMENT: . 100 ENVIRONMENT: 10o

1O2 2- 162
- -- 10"1  _ 10" 1

1073 0

10' 10-

- 10.3  3 E

10.2 10
-

E

'%10,5 "0- 105 z1-

10:- . - 10"  --* - 0.1-6 106
105

106 10-6

.. 1 I I I i l A 10F8 - I I I 1 I11. 1 1 1 ,11,1
4 10 40 100 1 4 10 40 100

&K (KSI vT) &K (KSI vl')
Figure 6.8.3.3
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-6 W-. -C. -J- ".- J . -J17S

-- '9 TABLE 6.8.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.4 INDICATING EFFECT

-9. 9-.OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-.30

CONDITION:

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

.A B3 C D

. E= R.T. E= R. T. E= R. T. E= R.T.
:H20 SATURATED DIST. WATER 3.5% NACL S.T.W.
JP-4 FUEL

A: 42.02 : 37.3
DELTA K B: 32.63 :172.

MIN C: 33.47 e 813
D: 32.66 :74.2

35.00 :206. 84.1 104.
40.00 :264. 93.6 165.
50.00 : 67.7 336. 114. 2083.
60.00 : 141. 380. 135. 203.
70.00 : 510. 430. 156. 214.
80. 00 : 3795. 268.

A: 81.35 : 5261.
DELTA K B: 74.25 :459.

MAX C: 74.38 3 165.
D: 60.65 2 75.

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

ROOT MEAN SQUARE 27.30 14.62 6.96 22.52
PERCENT ERROR

9--.- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

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

9-.-RATIO 0.8-1.25

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

V6.8-.
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_- 7 - . .7

CONDITION/HT: ALLOY
FORM: 0. 63"TH PLATE YIELD STRENGTH: STEEL
SPECIMEN TYPE: 0GB ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: -0. 10 SPECIMEN WIDTH: HP9-4-
FREQUENCY: 0. 10 HZ REFER ENCES:881 40

.30

X-. K (MPA V/m) AK (MPA -,/M)
*4 10 40 1004 100 10

ENVIRQNMIENT R lo ENVI ONMENT: R.
H20 A [IR,'i'E0 JP- 100T. WATER

1-2 FUEL __ _ __ _ 2 __ _ _ _ _ _ _ _ _ _ _

10 - 10
10-1 10.1

u10 -.3- - 103

01 E0

E

z1 5

loo- 1 10-

1 0 .7 __ __ _ __ __ _ __ _

0 10.6 10.6

10 I 10..TVL..LL.LI.ZRI l -

10-1 10

* u130 0 1 4 1040 10

10- 100-1

10. 10.

10-3 m-3
m - 10 E

z -5

10-

10-5

7 107Z
1 OF 1

10,61
Il 1o0Lj LLJJ J j,6 18 -. ~ - L. L ..... LL .Li
- * 1 4 10 40 100 1 4 10 40 100

AK (KSI 11ThFigure 6.8.3.4AK(SVh
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* . .TABLE 6. .5

DATA SSOCITED WTABLGUE 6.8.3.5INCANGEFT

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

MATERIAL: ALLOY STEEL HP9-4-.30
S CONDITION:

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

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

3. 5% NACL S. T. W.

A: 17.66 7.08
a DELTA K B: 17. 3 3: 5.32

MIN C:
.4-.

20.00 : 11.3 9.57
25.00 : 14.4 15.8
30.00 : 20.4 24.4
25.00 : 51.2 48. 1
40.00 : 251. 130.

A: 43. 14 : 946.
DELTA K B: 43.96 :360.

MAX C:

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

a' ROOT MEAN SQUARE 15.04 9.73
PERCENT ERROR

%-----------------------------------------------------------------------------------------------------------------------

LIFE 0. 0-0. 5
PREDICT ION 0. 5-0. 8

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

6.8-24
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CONDITION/HT: ALLOY
FORM: 0. 63"TH PLATE YIELD STRENGTH: STEEL

SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: -0. 50 SPECIMEN WIDTH: HP9-4-
FREQUENCY: 1.0 HZ REFERENCES:88140 H-4

.30

AK (MPA .V/) AK (MPA V,,)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. 100 E ONM~NT: R. T..
S.5% NAL S. T. W. -

162 
12

- 10"1 10"1

10 3 - 10-3
102 10.2

c 10'3 10;_ _ _ _ _- - >"

lo-5 E
41 110

'U 104 0
. 4

S10-5 10.5

1 1F 7o 5
6

10 --.-...LJLJ: 10 -....L.-.LI

1 0 6 1 "1
"-21__ _ _ ___ ______ _ __ 10

.  
_ 6 0

.

"' - 'L 10 - -15 -- _-

-10 10.11- 0- " 100

1 - 3

110

10~5 ___ __ ___ __ ___ __ _ - 10-1

io73 3 6

1007

11
41 4

, 0s  l l , l .l, .ll - 10"8 10I3 EI, l l, l -

.10 40 100 4 10 40 100

.I0"e Fi-ure 6. "8.3.5

10"3 0.

.
10-

1066 10 .6

.:.:" c 10 -5 03E

:...? z 1°F - 10 OF,
S 7. '.110 

-6 1 :3

! 16-1 - 1058 ---

1 4 10 40 l, - 10- -- 10 40 10

..... AK (KSI vl ) AK (KSI / )

'.'.."Figure 6.8.3.5
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V. TABLE 6.8.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.6 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-.30 ~
CONDITION:

- - - - - - - - - - - - - - - - - - - - - - - - - - - --.- - - - - - - - -

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

A B D

E= R. T. E= R.T.
:H20 SATURATED DIST. WATER
JP-4 FUEL

A: 17.61 : 5.31
DELTA K B: 17.35 :17.0
MIN C:

20.00 : 7.88 24.0
25.00 : 13.0 31.8
30.00 : 24.3 37.3
35.00 63.4 45.6
40.00 : 240. 61.2

A: 44.63 : 1210.
DELTA K B: 4 2. 6 7 74.9

MAX C:

ROOT MEAN SQUARE 23. 03 12. 53
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

K' 6.8-26
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%:t. CONDITION/HT: ALLOY
FORM: 0. 63"TH PLATE YIFLD- 6TRENGTH: STEEL
SPECIMEN TYPE: OCB ULT. STRENGTH:

-. ORIENTATION- T-L SPECIMEN THK:
*STRESS RATIO- +0-50 SPECIMEN WIDTH:HP--
.-FREOUENC;Y: 100 HZREFERENCES8140

&K (MPA V~/IM AK (MPA 'T
4 10 40 100 4 10 40 100

ENVIRQN ME NT RI 0 EN ' ONMEN R. T. .
H20 A URA ED JP-4 31T. WAT'ER

16 -FUEL 
1______ 2

10-1 10-

C)10-21 
-

10 10

Z E

lo 10- 10 z

1 0- 1 01 0

-7 -7

10 10

1 ~-6 
10 6

1078 1w~L .. L..LL - 107, jjj
1 4 10 40 100 1 4 10 40 100

© ENVIRONMENT: 100 @ ENVIRONMENT: loo

100
103 107

1002 o

*106 10-

10-3 0-3E

lo 10 cz

106 1 1

-7o- 5__ _ _ _ _ __ _ _ _ -1 -100

10 10

10 - _ ______ ____8

1 4 10 40 100 1 4 10 40 100
&K (KSI %/7n) AK (KSI ./-tnh

Figure 6.8.3.6
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TABLE 65.8.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.7 INDICATING EFFECT

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

MATERIAL: ALLOY STEEL HP9-4-. 30
CONDITION:

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

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

A 13 C D

. E= R. T. E= R. T. E= R. T.
.:DRY AIR H20 SATURATED 3.57. NACL

JP-4 FUEL

A: 16. 49 : 4.31
DELTA K B: 19. 18 :7. 07

MIN C: 19.21 :15. 1

20.00: 7. 16 8.46 18. 7
25.00 : 13.2 15. 5 37.6.
30.00 : 19.2 25.4 48.0
35.00 : 45.4 57.1 59. 1
40.00 : 213. 195. e2.0

A: 46. 29 : 3968.
DELTA K B: 48.48 :4021.

MAX C: 45.63 :145.

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

*ROOT MEAN SQUARE 33.08 35.71 17.05
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8
RATIO 0.8e-1. 25
SUMMARY 1.25-2.0
(NP/NA) >,2.0

[~. 6.8-28
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A ,'. * ". . , r . , ,- .
.  

- - -. - -' . ' - - I. - ..= ,- I. . r

CONDITION/HT: ALLOY
FORM: 0. 83"TH PLATE YIELD STRENGTH: STEEL
SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: -0. 50 SPECIMEN WIDTH:

.FREQUENCY: 0. 10 HZ REFERENCES:88140 HPg-4-
.30

-K (MPA vIm) &K (MPA V-m/)
4 10 40 100 4 10 40 100

ENV'IROYMENT: 10lo % ENVIRONMENT: R. T..
DRY A RH20 SAT URATED JP-4

=2...__12 2_ 12 FUEL __-------__

100-1 10

02 10.1
10 - - lu"  ol

' ']i I0s  10" mm10.2"-4 
U

4 -4 U, 041-S10' 1010'

:'1.07--5- - _

10 - 1_ 10

010 1010

1 1

S 10 - 10-8
1 4 10 40 100 4 10 40 100

100 ENVIRONMENT: 100

io' .___ _10_ 1 10"3

10 10-

4- 0

10- 10 -

"."' 5 1 0 "5  
"_-- 

I 0 "5•.10, 10 - E. -5 Z --

lo lo z

1040 04

106 106

10, 
1 5

17 107

10 101

10.6 16

1 4 10 40 100 1 4 10 40 100
&K (KSI /7Th AK (KSI VIM)

Figure 6.8.3.7
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TABLE 6.8.3.8

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.8 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 30
C ONDIT ION:

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

A B c D

E= ER. T.

:DRY AIR

A: 7.57 : 5.23
DELTA K B:

MIN C:

6.00 : 8. 99
9.00 : 12.5
10.00 : 14.7
13.00 :-35.7
16. 00 : 320.

A: 16.27 : 397.
DELTA K B:

MAX C:

ROOT MEAN SQUARE 31. 55
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

w, %.

6.8-30
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CONDITION/HT:
FORM: 0. 63"TH PLATE YIELD STRENGTH:STE

* SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: -- 0. 80 SPECIMEN WIDTH:

~FREQUENCY: 1. 00 HZ REFERENCES:88 140 H94
.30

AK (MPA /m) AK (MPA -,/mi
4 10 40 100 4 10 40 100

ENVIRONMENT: R. 100 ~/ ENVI ON1SMENT:
DRY AIR

1 00 - 1 1 0-

10F1 1 101

1 02 10 -

4-4 >.___ __ _ _

3 16
3 1-

_ _ _ _ _ - 0 10- E

'J/ 10-
10 io-4 ~

10 - 0 10

166 1661

1 4F 10 40 1000F070

10- 1010

ENIOMN:10.1 NIRNET 100

-~-10-1

- 10-'

10- 10-2E

Z~~- __ __3_ _ __ _ _ __ _ -10

100 E
V 10-10

1075 10

.7 -7

10.6 10-

11 4 10 40 100 1 4 10 40 100

AK (KSI vr/n) &K (KSI V117)
Figure 6.8.3.8
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7.~ 177-7

TABLE 6.8.3.9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.9 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 30
CONDITION:
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

DELTA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN*,I1/2)

-.. A B C D

% E= R.r.

:3.5% NACL

A: 7.53: 9.22
* DELTA K B:

MIN C:

6.00 : 15.6
9.00 37.7

1300 : 201. ..

16.00 : 287.
20.00 : 293.

A: 20. 05 : 293.
S DELTA K B:

MAX C:

ROOT MEAN SQUARE 23. 29
N PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.8B

RATIO 0.6-1.25
%JK SUMMARY 1. 25-2. 0

(NP/NA) ->2.0

4" 6.8-32
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CON~IIIONP/flI EALLOY

FOMM.i3T LT YIELD STRENGTH: STEEL
SPECIMEN TYPE: OCB ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: -t0. 80 SPECIMEN WIDTH:
FREQUENCY: 0. 10 HZ REEECS810HP9-4-

.30

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

G) VPKO13jMFT: R. *.100 @ NIINET I I I'

-2 - 12
100 100

io~ - i1 1 2
1010

~10 - 1073Z

10' 0.

10-83 '3 E~j

100 10.

-
io 3

1 02 10,6

0 ~10. 0
10-

-10.6 20

z 410401014 104 0
-4

Fi0r 6 183.

..............-... ~.. - - . .3
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TA93L - 6.8.3.10

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIG.,URE 6.8.3.10 TINDICATING EFFEC"T

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 30
CONDITION:

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

A B C D

* E= R. T. E= R. T. E= R. T.
LAB AIR LAB AIR 3.5% NACL
1HZ 10HZ 1HZ

*A: 21.66 6.29
DELTA K B: 12.31 :. 880

MIN C: 21.78 :5.8'2

'% .D

13.00 :1.05
16.00 :1.96
20.00 3. 59

00 25.00 :7.96 6.34 7.60
30.00 : 11.6 10. 1 11.3
35.00 : 17.0 15.4 16.3

*40.00 : 24.4 22.6 22.9
50.00 : 46.4 46.6 42.8
60.00 : 79.8
70.00 : 126.

A: 75.97 : 159.
DELTA K B: 56.90 :75.0

MAX C: 55.81 59.4
D:

ROOT MEAN SQUARE 2.e96 3. 82 2. 80
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

6.8-34
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CONDITION/HT: ALLOY
FORM: 2. 50"TH BAR YIELD STRENGTH: 192. 5 KSI STEEL
ORIENTATION- L-T SPECIMEN THK: 1. 250"

STRESS RATIO: -,- 02 SPECIMEN WIDTH: 5. 00" HPS-4-
FREQUENCY: REFERENCESS8138 30

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

.111 r ),411 B, ,
VIROMENT: R. 0 ENVIRONMENT: R.T.

LABAI LAB AIR
02 1HZ _1 2  10HZ ZI

10 1101

":1 0 - 1 003 1 0 .

io 3  10-3~

10.2  10.2

164)

- 1010 10.

10Z -5- 1 s -____ _O
5

510 - 101
-0-

10- 107-- 10.6 i 1 .

1 4 10 40 100 1 4 10 40 1001 1,-1 1 T I ' ' ' I fl l 'l
. v ;1o0T: R_ ENVIRONMENT: 100

-62 1HZ 1__ __ _ 2 __ _ _ __ _ _ _ _ _

100 10

10-3 1013

0"2 10-2

4 416 101100"-

10 - 3

10 E0-- 10 10-

S10

-7 -7

S10--10-
106

.. 10-6 10-6

S1 4 10 40 100 1 4 10 40 100

AK (KSI v/'n) AK (KSI V"Tn)
Figure 6.8.3.10

6.8-35
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TABLE 6.8.3.11

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.11 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 30
CONDITION:

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

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

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

* E- R.T. E= R.T.
:LAB AIR SIM SEA WATER
5-20HZ .1-15HZ

A: 6.38 " .110
DELTA K B: 20. 13 : 1.96

MIN C:
D:

7.00 : .138
8.00 " .200
9.00: .26
10.00 : .399
13.00 : .901
16.00 : 1.63
20.00 : 2.99
25.00 : 5.40 5.37
30.00 : 8.83 9.86
35.00 : 13.6 15.3
40.00 20.0 21.6
50.00 38.9 37.3
60.00 : 63.8 58.7
70.00 : 89.2 89.4
80.00 : 135.
90. 00 : 203.
100. 00 : 306.

130.00 : 961.

A: 71.24 : 92.1
DELTA K B: 139.67 : 1271.

MAX C:
D:

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

ROOT MEAN SGUARE 18. 91 16. 17
PERCENT ERROR

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

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

RATIO 0. 8-1. 25
SUMMARY 1. 25-2. 0!:.
(NP/NA) >. 0

6.8-36
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CONDITION/HT:
* FORM: 1. 25"TH FORGING YIELD STRENGTH: 204.5 KSISTE

SPECIMEN TYPE: WOL ULT. STRENGTH: 230. 5 KSI
ORIENTATION- L-T SPECIMEN THK: 1. 250
STRESS RATIO: -0. 02 SPECIMEN WIDTH: 5. 000" HP9-4-

-FREQUENCY: REFERENCES:MA005
.30

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

FNVIRQYOENT: R. *.o 10 - ENNVIIMENT: I R" '
LAJLI SIM SEA WATER

162- 5-20HZ 2_____ - . 1-15HZ _____

10.1 10

o3
-10 2 10 2Z

-4 164
10 1

3 io0 i 3 E
~~10 E 0

165 1

-6~i - 4__ __ _ _ - 010'

1 4 10 40 100 1 4 10 40 100

ENVIRONMENT: 10NIRONMENT:I I I

101 1

1 10'
1 10F

4 4

t 10a i 3  
- 0 3 E

100.

V105 10- 5~

106 10.

10 -

1 4 10 40 100 1 4 10 40 100
&K (KSI .%ihAK (KSI V1/m)

Figure 6.8.3.11
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TABLE 6.8.3.12

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.12 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 30
CONDITION:

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

*A B C D

* Ez- R. T. E= R. T.
LAB AIR SIM SEA WATER
.1-20HZ . 1-15HZ

A: 7. 13: .181
DELTA K D: 15.09 :.791
MIN C:

8.00 :.208
9.00 :.282
10.00 :.399
13.00 :.979
16.00 :1.82 .994
20.00 :3.34 2.45
25.00 :5.97 5.44
30.00 :9.65 9.36
35.00 : 14.8 14.4
40.00 : 21.9 20.9
50.00 : 45.8 41.6
60.00 : 95.5 82.3
70.00 : 205. 166.
80. 00 : 458. 345.
90. 00 : 996. 732.
100.00 : 1883. 1667.

A: 111.38 3048.
DELTA K S: 110.08 9836.

MAX C:

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

ROOT MEAN SQUARE 20. 12 19. 19

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

PREDICTION 0.5-0.8
RATIO 0.8e-1.2
SUMMARY 1.25-2.0
(NP/NA) )2.0

* 6.8-38
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CNDITION/HT:
FORM: 1.25"TH FORCING YIELD STRENGTH: 206. 0 KS I
SPECIMEN TYPE: WOL ULT. STRENGTH: 233. 0 KS I
ORIENTATION- T-L SPECIMEN THK: 1. 250"'
STRESS RATIO: -.0. 02 SPECIMEN WIDTH: 5. 000' P94
FREQUENCY. REFERENCES :NA 005 3

AK (MPA V-m &K (MPA
4 10 40 100 4 10 40 100

'' ENVIRON'MENT: R .100 \/ ENVI O8NMENT: R.J.111
LAB A± K SIM SEA WATER

-62 .1-20HZ ______-2 .- 15HZ

10l10

1~ o 3  1o

-24

10 lo

_ _0__ _ 3 10, 3-

10 1010
101

10 - 10

0 ~ .6 106
106 LJJJL1 j~JJ~ 10~ 10

1 4 10 40 100 1 4 10 40 100

© ENVIRONMENT: 100 ENIONET
10IONET - 10

101.1

1 aF3  1 iOF
1.2 i~

id10 2 0
10E

10 10 E
1 0E

10 -0- 101-a

1 oo-

1- 106

1006 1

Flur 6..31

-e:.. &K -KS -rin AK (KS - .
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TAJ3LF 6.8.3.13

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.13 INDICATING EFFECT

OF STRESS RATIO

MATERITAL: ALLOY STEEL HP9-4. 30
CONDITION: UTS=220-240KSI

>1 ENVIRONMENT: R.T. ,L.H.A.

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

A 13 C D

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

A: 11.76 .7063
/ DELTA K B: 11.75 .. 562

MIN C: 5.78 .191

6.00. .213
7.00 . 336
6.00 . 497
9.00 . .700

10.00 :.948
13.00 : 1.01 Ce35 1.98
16.00 : 1.94 1.72 3.49
20. 00 : 3. 62 3. 34 6. 26

-. 25.00 : 6.31 5.92 10.9
3 0. 00: 9.64 6.99 16.6
.35.00 : 13.6 12. 5 23.6

40.00 : 18.4 16.5 31.6
50.00 : 30.0 25.9 49.3
60.00 : 43.0 37.9
70.00 61.4 53.4
80.00 99.2 73.2
90. 00 96. 6
100.00 132.

A 6573: 141.
DELTA K B. 116.22 :283.

MAX C. 56.56 :65.7
D:

ROOT MEAN SQUARE 11. 42 13. 18 10. 66
PERCENT ERROR

LIFE 0.0-0 5
PREDICTION 0. 5-0.8

RATIO 0. 8-1 25
SUMMARY 1.25-2 0
(NP/NA) . 0

6. R-40
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CONDITION/HT: UTS-220-24OKSI LO
FORM: 3.20"TH BILLET YIELD STRENGTH: 210. 5- 212.0 KSI STE
SPECIMEN TYPE. CCP ULT. STRENGTH: 228. 5- 229. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 250"
FREQUENCY. 10. 00 HZ SPECIMEN WIDTH. 3. 900- 4. 000 H9--
ENVIRONMENT: R. T. * L. H. A. REFERENCES:MA007. MA010 30-4

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

nA ~ ~ ~ ~ ~ ~ ~ I I'lI' III IIITII I I 111 117rW7 -
STRESS RATIO= -1. 00 10o STRESS RATIO -,--0. 00

10- 10 1 1

101 10-2

1 4. 10
u 1U

10 10 -0 103 -

-E
1 5 10E

10- - 10

1 o4
- o

1 4 10 40 100 1 4 10 40 100

I~o loo II I I'I'' ' '' I''
STRESS RATIO -l-0. 50 1 STRESS RATIO 10

-d2 Z__ 
_ _ _ __ _ _ _ 10-2

100-
10 10.1

10i - - 1 OF3~-2_

10- 2 10-
U 4U

10 16U

s lo~ 1-3 E

~10* ,
lo-4 4~

10 -110

1 ~ 110F

1 06 10-6

.8 -8
1 4 10 40 100 1 4 10 40 100

AK (KSI Vfin) A K (K SI 7/Th
Fiiure- ().H. 3.13
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TABLE 6.8.3.14

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.14 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL HP9-4-. 30
CONDITION: UTS=2210-240KS1
ENVIRONMENT: R. T. ,3.5%. NACL

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

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

*A 13 C D

* R=-1.00

A: 12.51 :.87
DELTA K B:

MIN C:
D:

13.00 :1.02
16.00 :1.65
20.00 : 2.8
25.00 : 5.84
30.00 : 10.6
35.00 : 16.7
40.00 : 23.0
50.00 : 33.9
60.00 : 45.6
70.00 : 63.7
830. 00 : 96.1
90.00 : 158.

A: 93.29 : 169.
DELTA K B:

MAX C:.------------------------------- ---------I--
ROOT MEAN SQUARE 27. 30
PERCENT ERROR

17LIFE 0.0-0. 5

PREDICTION 0. 5-0. 8

RATIO 0.S-1. 25I
(NP/NA) >20

6.8-42
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CONDITION/HT: UTS-220-240KSI ALLOY
FORM: 3.20"TH BILLET YIELD STRENGTH:212. 0 KSI STEEL
ORIENTATION: L-T SPECIMEN THK: 0. 250"

FREQUENCY: 0. 10 HZ SPECIMEN WIDTH: 4. 000" HPQ-4-
ENVIRONMENT: R.T. o 3. 5X NACL REFERENCES:MA007 30

AK (MPA -/m) AK (MPA /m)
4 10 40 100 4 10 40 100
- I'I® , ' ',,,, I ,

STRESS RATIO = -1. 00 10 STRESS RATIO =10 2 f --__ __ __ _ __ _ __ _ _ -0 2 - -__ _ __ _ _ _ _ __ _ _ _ _ _

10 "1  -- _ 10 "1

1 10101

-2  102

c 103 " 10 3 E
-10_

10 10* E~10 - 0-  - z

10 7~ 107L 10-8 - 1 10 "

1 4~ 10 4 0 0 4 0

-7_ _ _ _ _ _ _ _ _- i__ _ _ _ _ _ _ _ _

1010

016110
1--2- -

10 0 .  10
101 101

-s.lo-3- 10_ E

z E
5 _-'__ 1_-- - 1 2  10-4

lO _15

1 10* 16

1 "-6 1-6K10 1 4408

1.4.0100 0 10- 10 40 1& K (KSI /7) & K (KSI V/ 7)

'._ 6.8-43
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TA13LE 6.8.3.15

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE6.8.3.15 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 30
CONDITION: TUS=220-24OKSI

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

A B CD

E= R.T. E= R.T. E= R.T.
:ALT IMMERSION ALT IMMERSION ALT IMMERSION
IN SEA WATER- IN SEA WATER- IN SEA WATER-
1ST HALF DRY 2ND HALF DRY IMMERSED
CYC CYC

A: 11.34 " .535
DELTA K B: 11.28 " .357
MIN C: 11.21 • .416

D:

13.00 " .771 .665 .782
16.00 1.62 1.54 1.72
20. 00 • 3. 28 3. 27 3. 51
25.00 5.63 5.83 6.22
30.0" 9.59 8.63 8. 97
35.00 " 12. 5 13.2 12.2
40.00 " 18.9 16.9
50.00 : 30.7

A: 35.32 " 12. 1
DELTA K B: 43.89 : 20.0

MAX C: 55.99 " 36.1
D:

ROOT MEAN SQUARE 21.34 19.96 15.01
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

6 -

,- 6 -4

r'-"

S *U -iL ]
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CONDITION/HT: TUS-220-24OKS I
FORM: 3.20"TH BILLET YIELD STRENGTH:210..5 KSISTE
SPECIMEN TYPE: CCP ULT. STRENGTH: 228. 5 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 250"
STRESS RATIO: -0. 00 SPECIMEN WIDTH: 3. 900"HQ4
FREQUENCY: 10.00 HZ RIEFERENCES:MA010 30-4

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

* '' ENVIRQNMENT* R.. 100 2/ ENVI O8NMENT: R.T..111
ALT IMES ION'SEA ALT IMMERSION SEA

16 2 - H20-1ST HALF DRY CYC i-2 H20-2ND HALF DRY CYC
10.1 100

1 -1

1 0-2 10-2

UU

10 0-

z 5

o7 10-4

Ci' 10.65
LidLT -10-

1 4 10 40 100 4 10 40 100

I'I 1111 SEA ENVIRONMENT: o

-2 H20-IMMERSED-

100-
10. 10.1

cF3 10io3

102 -2
0) 100

09 4 
U

10 lo"10 E

10 lo

io4 1--40M

10.6 10-6

1078 LLLW 1 liltJJ 108 ...1.LL L1ALi
* 1 4 10 40 100 1 4 10 40 0

A K (K SI AK (KSI V./7n)
Figure 6.8.3.15
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TABLE 6.8.3.16 w
FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.16 INDICA TING EFFECT!'

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 30

CONDITION: TU6=220-240KS I

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

A B C D

E=R. 1. E= R. T. E= R. T
ALT IMMERSION ALT IMMERSION ALT IMMERSION

IN SEA WATER- IN SEA WATER- IN SEA WATER-
1ST HALF DRY 2ND HALF DRY IMMERSED

.1~,CYC CYC

A: 15.92 :.79
DELTA K B: 16. 15 :1.09

MIN C: 15.8E4 :2.32

16.00 :.768 2. 40
20.00 : 1.54 2.70 4. 71
25.00: 4.11t 5.59 7. 74
30.00 : 7.80 8.98 11. 4
35.00 : 12.3 12.6 16.3
40.00: 17.3 16.6 22. 1
50.00 : 29.0 25.8 34.4
60.00 : 43.4 38.2 43.0
70. 00 55. 8

A: 68.44 : 58.9
DELTA K B: 78.64 :77.6

MAX C: 63.89 :44.6

ROOT MEAN SQUARE 46. 54 44. 55 39. 09
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.6-1.25
SUMMARY 1.25-2.0

h*.(NP/NA) D>2.0

6.8-46
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CONDITION/HT: TUS-220-240KSI LO
FORM: 3. 20"TH BILLET YIELD STRENGTH: 210. 5 KSI STEEL
SPECIMEN TYPE: CCP ULT. STRENGTH: 2283. 5 KSI [
ORIENTATION- L-T SPECIMEN THK. 0. 250"
STRESS RATIO: -0. 00 SPECIMEN WIDTH: 3. 900" HQ4

-.FREQUENCY: 1. 00 HZ REFRECE:M4-

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

*ENVIRONMENT: R. 0 1 fN ENT
IMERIO SA100EV NET R. T..

ALT IMRINSAALT IMMERSION SEA
-2 H20-1ST HALF DRY CYC 162 H20-2ND HALF DRY CYC

10 -1

_ 10-1 10.-1

1 3 1 oF3

io2
z U
>1 -4 -4 >
L)0 10 -u

10' 10' E
ZZ 5~

'a10
1- 7 -o - 0

1007 - 10-

10-6 6
10 .L...aJ....LLJ -8 J~ J10'J

1 4 104 101 4 10 40 100
10 40 100fil

.111100 ENVIRONMENT:
INSEA 100

-62 H20-IMMERSED 1 _____ _2___

10 - 1
1010

4'1o 3  -i
3

10.2 02

- 101-

1 u

~16 10-- z
4 'a*

10 -110

iO5

- 0 10-

10-61K 4 0 4 0 1 41 040 0100

Fiue 6.8.3.16

6.*-4

................................ %
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TAB3LE 6.8.3.17

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.17 INDICATING EFFECT

OF FREQUENCY

MATERIAL: ALLOY STEEL HP9-4-. 30
CONDITION: UTS=220-24OKSI
ENVIRONMENT: R.T. •3. 5% NACL

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

A B C D

F(HZ)= 0.10 F(HZ)= 1.00 F(HZ)= 10.00

A: 12. 78 2.26
DELTA K B: 12.97 1.34
MIN C: 12.70 .813

D:

13.00 2.33 1.35 .859
16.00 3.66 2.45 1.46
20.00 6.21 4.25 2. 74
25.00 9.50 7.00 5.25
30.00 12.8 10.5 8.77
35.00 16.7 15. 1 13. 1

40.00 21.6 21.3 17.8
50.00 36.3 41. 1 27.7
60.00 59.5 78.4 40.6
70.00 94.7 149. 60.4
80.00 145. 284. 93.9
90.00 -206. 540. 154.
100. 00 260. 266.

A: 120.03 • 286.
DELTA K B: 95.98 : 791.

MAX C: 107.82 " 426.
D:

ROOT MEAN SQUARE 43. 87 7. 22 12. 29
PERCENT ERROR

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

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

b..

6.8-48
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CONDITION/HT: UTS-220-240KSI
FORM: 3.20*TH BILLET YIELD STRENGTH: 212. 0 KSI TE
SPECIMEN TYPE: CCP ULT. STRENGTH: 221L 0 KS!
ORIENTATION: L-T SPECIMEN THK 0. 250'
STRESS RATIO: *15.00 SPECIMEN WIDTH: 4. 000" HPO-4-
ENVIRONMENT: R. T. SL3 5% NACL REFERENCES: MA007 .30

AK (MPA %/m) A MA~'*
4 10 40 100 4 10 40 100

-FREQUENCY (Hz): 0.10 FREQUENCY (Hz) :1.00

1- 102

10-1 10.1

L_______-io7
3

10.2 02;
1010 -10o~

~ i 0 10E
1010

lo- - z6

10 106

10 ~ 11 4 10 40 10

10 1010

10.1 01.LL I

.. 10. -0

1 0.2 12

10-110.1.

io4  
- 1073

~1.5- 10-' 10- 0

10 -10

-E 10 1-

"a: 14 04 10 15 41 0 0

- o-4j~ j

6. 8. 3. 1

1661.

...- c:- .. 7yJS AV .JL. ..... . ..-5
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TABLE 6.8.3.18

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

DATA ASSOCIATED WITH FIGURE6.8.3.18 INDICATING: EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 30
CODIIO: 52F HRS OG.--100F IHR, 10205F 2+2HR

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

A B C D

. E= R.I. E= R. T.
.L. H.A. S. T. W.

A. 10.79 : 1.00
DELTA K B: 11.35 :1.25

MIN C:-

13.00 : 1.69 1.98
16.00 : 3.91 3.50
20.00 :5.68
25.00: 8. 78
30.00 :12.8
35.00 :18.6
40.00 :27.4
50. 00 :62. 3
60.00 :152.
70. 00 :388.

A: 19.15 : 4.55
DELTA K B: 73. 59 :550.

MAX C:
D:

ROOT MEAN SQUARE 12 28. 65
PERCENT ERROR

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

RATIO 0.6B-1. 25 1 1
SUMMARY 1.25-2. 0
(NP/NA) >2.0

6.8-50
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'7 V ~ .r r y-r r~ ~*~ 4* ~9.*. 7 T'7 77- -Io

JQ4 CONDITION/HT: 1525F 2HRS OQ. - 1OOF 1 HR. 1025F 2-2HRALY
FORM: 3.00"TH FORCED BAR YIELD STRENGTH:215-0 KSISTE

S SPECIMEN TYPE- CT ULT. STRENGTH: 239. 0 KSI
ORIENTATION' L-T SPECIMEN THK: 0. 970- 1. 000"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 4. 970- 5. 010"

,.,FREQUENCY: 1. 00 HZ REFERENCES:9e579 HP9-4-
.30

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

E NRNMENT: R. 4. 100oo ENV1 I~OMNT: R. T..
LH.. S. T. w.

100 lo1

*17 100 0.

10- 2 10-

1 3 -3 E
Z0 10 - E

V iv 1010

10 1010

10' 010

V06 10-6

1 41 0 40 100 1 4 10 40 100

© ENIRONENT:100 ENVIRONMENT:10

102 102

10.1 10-1

* 61
3  

-io-3

-2 -2
* 10 l0w

4 4 u

-3 .
s10 10 E

Z0- __ _ __ __ _-5 - E

~ io74

V ~10 1-5 ~
100--

.7 .o7

10-6 1.

1 4 10 40 100 1 4 10 40 100
&K (KSI Vr'Th AK (KSI V _ih

Fiqure 6.H.3.18
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TA14LE 6.8.3.19

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.19 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY ST"EEL HP9-4-. 30
CONDITION: 15i25F QHRS OQ, -'IQF 2HRS. 102S1F 2+2HR

ENVIRONMENT: R. T. ,L.H. A.

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

A B C D

. R=+0. 30

*A: 11.36 :.756
DELTA K B:

MIN c:

13.00 :1.34
16.00 : 2.62
20.00 : 4. 51
25.00 : 7.34
30.00 11. 5
35.00 16.6

4....40.00o 31.2
50.00 96.9
60.00 261.

A: 63.56 327.
DELTA K B:

MAX c:
D:

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

ROOT MEAN SQUARE 9. 69
PERCENT ERROR

* LIFE 0. 0-0. 5
PREDICTION 0. 5-02

RATIO 0.6-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

6.8-52

Downloaded from http://www.everyspec.com



CONDITION/HT: 1525F 2HRS OQ. -100F 2HRS. 1025F 2-2HRALO
FORM: 3. 00"TH FORGED BAR YIELD STRENGTH:216. 0 KSISTE
SPECIMEN TYPE:- CT ULT, STRENGTH: 239.68 KSI

K- ORIENTATION:.- SPECIMEN THK.* 0. 970"
FREQUENCY: 6. 00 HZ SPECIMEN WIDTH: 4.9§70" HP9-4-

-ENVIRONMENT: R. T..* L. H. A. REFERENCES:88579

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

0o @ II'I I''
STRESS RATIO -1-0. 30 "'STRESS RATIO

_101 10.1

1 o73 -i

i-2 
_

10.2 10-

3~ 3 EE 10 1

loz
V 10.4

10 lo10

10's 10-

.7 -7

o% 107 - 7 10 - 0-

1 4 10 40 100 1 41 0 40 100

STES RATIO = 100 STRESS RATIO lo10

102 - 102

10.1 10-1

io- 3
- 10 '2 i 3 -2 _

10
E

io-4 -4
- 100-

1 OF 1 OF

-6 -610 101

108- 108

1 4 10 40 100 1 4 10 40 100
AK (KSI 'in) AK (KSI vl/Th

Fiqure 6.8.3.19
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TABLE G.8.3.20

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.20 INDICATING EFFEC!T

OF STRESS RATIO

MIATERIAL: ALLOY STEEL HP9-4-. 30O
* CONDITION: 1550F 2HRS OQ,-100F IHR, 1025F 2+2HR

ENVIRONMENT: R. T. , L. H.A.

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

R=+0. 30 R=+0. 50

A: 7.73 .529
DELTA K B 7.94 .6~32

MIN C

6.00 .581 .645
9.00 .816 .880

4-10.00 1. 12 1. 17
13. 00 2. 52 2. 36
16.00 : 4. 51 3.99
20.00 : 7.35 6.60
25.00 9.57 9.91

A: 27.36 9.82
DELTA K B: 25. 94 10. 5

MAX C:

ROOT MEAN SQUARE 1 2. 81 11.39
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

* 6.8-54

Downloaded from http://www.everyspec.com



COND ITION/HT:. 1550F 2HRS OQ. -10OF 1HR. 1025F 2-2HRALO
FORM: 3. 00"TH FORGED BAR YIELD STRENGTH: 198.0 KS SEE
SPECIMEN TYPE:' CT ULT. STRENGTH: 220. 0 KS I

ORINTTIN:L-T SPECIMEN THK: 0. 988- 0. 993'
FREQUENCY: 6. 00 HZ SPECIMEN WIDTH: 7. 400' HP9-4-ENVIRONMENT: R. T. *L. H. A. REFERENCES:85837 .30

AK (MPA A AK (M PA '~
4 10 40 100 4 10 40 100

STRESS RATIO - 0. 30 1U STRESS RATIO -0. 50

102 10-2 1

10~10

- 10- 10,

-5 5

01 E

-4-

10 10 1

10.6 1o6

10 - 1

107 11-

*1 4 10 40 100 4 10 40 100
I~ I P TI I~rF 1 1 T FT FV

'' STRESS RATIO= 100 STRESS RATIO= 100

106

I 10-110

1- 10

1 -2-2_

s 10 10'3

"a -4 5
10~ _ _ _ 10-

4~ 4

~~10 10U

10' -10

10s lo-s

104 1 40 101 4 10 40 100
AK (KSI &J) K (KSI v~in
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TABLE 6.8.3.21

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE6.8.3.21 INDICATING EFFECT

OF~ STRESS RATIO

MATERIAL: ALLOY STEEL HP9-4-. 30
SCONDITION: 1550F 2HRS 00,-100F IHR, 1025F 2+,2HR

ENVIRONMENT: R. T. , L.H. A.

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

A B c D

R=+0. o8

A: 6.05 .226
DELTA K B.

MIN C:

D:

7.00 .. 336
6.00 .. 485
9.00 :.669
10.00 : .90
13.00 1.78
16.00 : 3.00
20.00 5.04
25.00 . 8.05

A: 29.80 : 11. 1
% DELTAKEB:

MAX C:

ROOT MEAN SQUARE 17. 24
PERCENT ERROR

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

RATIO 0.8-1.25 1
0 SUMMARY 1.25-2.0

(NP/NA) . 0

6.8-56
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CONDITION/HT: 1550F 2HRS 00. -10OF 1HR. 1025F 2-2HR ALLOY
FORM: 3.00"TH FORGED BAR YIELD STRENGTH: 198. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 220. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 992"
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 7. 400" HP-4-
ENVIRONMENT: R. T.. L. H. A. REFERENCES:85837 .30

AK (MPA V/Tm) AK (MPA /-)
4 10 40 100 4 10 40 100

loo
STRESS RATIO= -0. 01- ,,, STRESS RATIO =

-
2 10

-- - 10 ", lo 0 "

lO.3 _1-lO _3

110' 10

-410 -
_ -0

3  10
. 3 E

zE

0 5 __5 5 10

6 O-6 -__ _ __ _ _ _

--- 710s-- 
°

10- 1 101 0

16 1 06

10. 8  1 1 1 , , ! I I, , , -1 " Ilh I I I I fill -

1 4 10 40 100 4 10 40 100

STRESS RATIO = 10 STRESS RATIO= 100

1O2  
11 2

-- - 10 - 1 
0

10.3  -- 3
_ -_10 .2  -_ i. 02

0 10 - 1 - 2

C 1-0-

5 Z1__ _- 
. 4  E

S10o z
10-- 10-4

000

10-0 10 0- '107 -67_ _ _ _ _

1 i10
10 .6  

6

10 LLL~d L.~i1Lb10 AKS10
1 .. 0e I , i , , - 10106I , , , I, , ,

16-8 -il 08
1 4 10 40 100 1 4 10 40 100

AK (KSI V'iTn) K (KSI vin)

Figure 6.8.3.21

6.8-57 I
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TABLE 6.8.3.22a

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIC-URE 6.8.3.22 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL HP9-4-. 30
CONDITION: 1550F c2HRS 0Q,-100F IHR,1O25F 2+2HR
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: 9.12. .449
DELTA K B: 7.06 . 454

MIN C:

2300: .920
9.00 .1.59

10.00 : 1.06 2.38
12.00 : 2.43 4.89
16.00 4.39 6.96
20.00 : 7.45 9. 51
25.00 11.7 15. 5
30.00 :25.0

A 35.00 :36.3

A: 27.24 15.3
* DELTA K B: 38.97 :62.3

MAX C:

* ROOT MEAN SQUARE 10. 46 17. 18
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.86

4RATIO 0.8-1.25 1 1
SUMMARY 1.25-2.0
(NP/NA) -2. 0 oft

6.8-58
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CONDITION/HT: 1550F 2HRS 00.-1OOF 1HR. 1025F 24-2HR ALLOY
-r FORM: 3.00"TH FORGED BAR YIELD STRENGTH: 198. 0 KSI STEEL
-.. SPECIMEN TYPE: CT ULT. STRENGTH: 220. 0 KSI

ORIENTATION: L-T SPECIMEN THK: 0. 990- 0. 991*
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 7. 409"

" ENVIRONMENT: R. T.. S. T. W. REFERENCES:5837. 88579 .- 0

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

STRESS RATIO =-@-. 30 10 STRESS RATIO oo. 59
16-:I2  1o62

10-1 10"1

i:::'10"3 
10"3

"m . .10
2  10 2

O4 O4

o w.t. 0 "  10. 5

100-
10 

10

166-. 116

-10- -
10-7

I 0I 
1 05

10-8 I . 1.II, I .iI 1 h 1I 1 1I1, -

1 4 10 40 100 1 4 10 40 106

STRESS RATIO = STRESS RATIO= 100
-- 1 2 __ _ _ _ _ _ _ _ _ _ _ _ _ _ -10

"2
102

101 10-1

1--F- 1o07

10' .2

*0 10

10 1

10. 3  10. 3 E
. . 0"5  

-- 10 5 -

1 4.10-40 100 4  U 10440"10

1 .- 5 10-

1-"F', ---
670--1 

.

.- '=6

,,, .-. 1 4 1 0 40 100 1 4 1 0 40 1 00

.'.-':AK (KSI .vn) AK (KSI ,/' )

'".""Figure 6.8.3 22

"" ""6.8-59
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TABLE 6.8.3.23

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE6.8.3.22 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL HP9-4--.30
CONDITION: 1550F 2HRZS OG, -10OF IHR, 1025F 2+2HR
ENVIRONMENT: R.T. ,S.T.W.

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

A B C L

R=+0. 50

A: 9.77 1.26
DELTA K B:
MIN C:

10.00 1.35
13.00 2.65
16.00 : 4.45
20.00 7.70
25.00 . 13.3
30.00 : 21.0
35.00 : 31.2
40.00 : 44.4

A: 47.24 : 69.8
DELTA K B :I

MAX C:

-- - - -- - - -- - - -- - - - -- - - -- - - -- - - - -- --D- - - -- - - -

ROOT MEAN SQUARE 18. 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

p..8-6
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* CONDITION/HT: 1550F 2HRS 00. - 1OOF 1 HR. 1025F -HALO
FORM: 3. 00"TH FORGED BAR YIELD STRENGTH: 198. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 220. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 740"

.~EQENY: 1. 00 HZ SPECIMEN WIDTH: 7. 390" HP9-4-
'--NVIRONMENT: R. T. *S. T. W. REFERENCES88579 3

4 10 40 100 4 10 40 100

I 7Tr-100
STRESS RATIO - 0. 50 10STRESS RATIO

10 10
-10.1 1.

10~- 103

1020

- 10 10-3 E

o 10- 1651
z

10 10 10

__U 10-51

I.10* 106

-1 4 10 40 100 1 4 10 40 100
6- I -I m II I 111111 0t I 1 ' 'I1'1I 1 1 1 1 1 lif -

kWzSTRESS RATIO -=o STRESS RATIO= 100

1-2 
162_______ -2

10 - 010

-10' 102

~~1 0- 0
>1 40 -4

110 E

0- 10- 
10' 3E

-6 -6
1 lo

1 06 

1010

0-58-8~ ..........Lui~ -51

1067.L.~..Li~ .-- L-LLI L.i..i

06. -6-

- - . 10

68 1 1 UL 117

-- 4. 10 40 10- 0 0 10

Downloaded from http://www.everyspec.com



7- - -- ;-- - - - - - - - - - - --- - -,- , . . .

TABLE 6.8.3.24

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.24 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL HP9-4-. 30
CONDITION: 1550F 2HRS 00,-IOOF IHR, 1 025F 2+2HR

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

A B C D

" E=- 65F
:L. H. A

A: 9. 19 . 482
DELTA K B:
MIN C:

D:

10.00 : .508

13.00 : 1.23

16.00: 2. 15
20.00 : 3.59
25.00 " 5.91
30.00 ' 9.32

A: 31.92 " 11.1
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 11.36

ERCENT 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

6.8-62
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CONDITION/HT: 1550F 2HRS 00. - 1OOF 1 HR. 1025F 2-2HR ALLOY

FORM: SPEIMNYP: T FORCED BAR YIELD STRENGTH: 198.:~~ 0 KSI STEEL

ORIENTATION L-T SPECIMEN THK: 0. 992'
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 7. 400" HP9-4-

.FREQUENCY: 6. 00 HZ REFERENCESS5e37

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

*ENVIRONMENT: - 5100 ENVI O8NMENT:
L.H. A

10 1
10. 10-1

10 -2 10 1 ,

io3 -3 E
E

4 10

10 -110

108 1 ~ 107 10

1 4 10 40 100 1 4 10 40 100

ENVIRONMENT: 10o ENVIRONMENT: 100

100-1 10-

i 0-s - 10 107103
-2 -2 _

16O 10-

10 10'

- 110

I 10'

1 4 10 40 100 1 4 10 40 100
&K (KSI v/Tnh AK (KSI /in)

O.i( iir ~ 3*.

Downloaded from http://www.everyspec.com



TrABLE 6.8.3.25

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.25 INDICATING EFFECT

OF ENVIRONMENT

*MATERIAL. ALLOY STFEEL HP9-4-. 30
CONDITION: 155OF 2'HRS 00,-100F 1HR, 1025F -+2HR

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

A B C D

E= R. f. E= R. T.
:L. H.A. S. .W.

A:
DELTA K B: 9. 5 2: 1. 36

MIN C:

10.00 :3.00
13. 00 :5. 35
16.00 :9. 17
20. 00 :132
25. 00 :19. 1
30.00 :32.3

A:
DELTA K B : 30.92 :41.3

MAX C:
D:

ROOT MEAN SQUARE 0. 00 11. 98
- -~ PERCENT ERROR

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

RATIO 0.8-1. 251
SUMMARY 1. 25-2. 0
(NP/NA) ~>2. 0

6. -6
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CONDITION/HT. 1550F 2HRS OQ. -lOOP 1HR. 1025F 2-'2HRALY
FORM. 3. 00"TH FORGED BAR YIELD STRENGTH: 196. 0 KSISTE
SPECIMEN TYPE: CT ULT. STRENGTH: 220. 0 KSI
ORIENTATION LTSPECIMEN THK: 0. 740- 1. 000"
STRESS RATIO: -0.08 SPECIMEN WIDTH: 7. 390- 7. 400" H94
FREQUENCY: 0. 10 HZ REFERENCES:98579

AK (MPA V~)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.

10 
-

10. 10- 1

i 3  3
102 100

(.101 1 -2

uo 10

Z~~1 - 3__ _ E__ _ 0
10 10E

4 4

i~ 6  
- 10- o 10-

11. 106106

io8 10 10....Li..LL .'1

1 4 10 40 100 1 4 10 40 100

© ENVIRONMENT: 100 @ ENVIRONMENT: 100

10-

10 -2 i 3 -2
10;

id 10

z Z E
5 -s 5__ _ _ _ _ _ _ _ _ _ _

10 lo 105  z
10 io

1 0' 5 1 0-

67 
7__ 

_ _ _ _ _ _ _ _

100

106 10.6

1 4 10 40 100 1 4 10 40 100
AK (KSI -,in AK (KSI v~in)

Firlure 6-13. 1.25
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TABLE 6.R.3.26

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE6.8.3.26 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL. ALLOY STEEL HP9-4-. 30

*CONDITION: 1550F 2HRS 00, -100F 1HR, 1025F 2+2HR

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

A B3 C D

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

A: 11.36 1.16s
*DELTA K D: 7. 33 . 196

N IN C:

9.00 : 466
10.00 .668
13.00 : 1.67 1.60
16.00 : 2.S9 2.81
20.00 5. 13 4.6E4
25. 00 a. 851 El. 07
30.00 : 11.9 12.2
35.00 :17.7
40.00 :24.9

A: 31.16 : 12.6
DELTA K B: 483. 54 :42. 8

MAX C:
D:

ROOT MEAN SQUARE 12. 23 12. 09
PERCENT ERROR

* LIFE 0. 0-0. 5
PREDICTION 0. 5-0.86

RATIO 0.8-1.25 1 1
SUMMARY 1. 25-2. 0
(NP/NA) 2. 0
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CONDITION/HT: 1550F 2HRS 00. -lOOF 1HR. 1025F 2-2HRALO
0 FORM. 3. 00'TH FORGED BAR YIELD STRENGTH: 198. 0- 199. 0 KSISTE

SPECIMEN TYPE. CT ULT. STRENGTH: 220. 0- 223. 0 KSI
ORIENTATION T-L. SPECIMEN THK: 0. 740- 0. 9836
STRESS RATIO, -. 0 SPECIMEN WIDTH: 5. 000- 7. 400"H94
FREQUENCY: REFERENCES:85837. 88B579 30-4

AK (MPA -,/M) AK (MPA -\/M)
4 10 40 100 4 10 40 100

ENVIRNET R. 100 @ - ENVIRONMENT: R. T..
L. H.A. S. T. W.

1-21 HZ 2-2 HZ

10.110

1002

3U

01  
-1 -2 1 0

4 1064

C 10-

1u 5 10

10 1006

1~~l- 40 40 4 0 0 4 0

10- -0 61

100 10

10 4-0 4 0 14 1 4 0

162 162 0

u 103 63_ _ __

-3
C10 0-3 2

44 4

V10 3o E
10 - 10

z1 E

100 
5 0.

10 10- 6

1 4 10 40 100 1 4 10 40 10
& K (K SI -in) AK (K SI -in)

riqure 6.8.3. Z

6.8R-67
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TABLE 6.8.3.27

FATIGUE CRACK GROWTH RATER AT DEFINED LEVJELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.8.3.27 INDICATING EFFECT

OF STRESS RATIO

MATRIA. LLOY- STEEL HP9-4-. 30
*CONDITION: 1-55OF 2HRO OQ, -lOOF 3HRS, iQOOF 2+"HRS

*ENVIRONMENT: R. T. ,L. H.A.

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

A B C D

R=+0. 08

A: 10o.8 .922
DELTA K B:

MIN C
* D.

13.00 1.46
16.00 2.22
2000 3. 56
25.00 6. 04 -
30. 00a 9. 64
35.00 . 14. 8
40.00 22.2
50. 00 46. 7
60.00 92.3
70.00 174.
80.00 315.

A (8 40 507.
DELTA K B

MAX C

ROOT MEAN C3QUARE -20. 51
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

6.8-68

-7 . .
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CONDITION/HT. 1550F 2HRS CC. -100F 3HRS. 1000F 2-2HRSALOK. SPECIMEN TYPE: T FORGED BAR YIELDTEHSTRENGTH:15- 0 KS1 TE

* ORIENTATION:- T1-L SPECIMEN THK. 0. 970"
FREQUENCY: 5.00 HZ SPECIMEN WIDTH- 4. 980"H94

*ENVIRONMENT. R. T. *L. H. A. REFERENCES.88579 .30

&K (MPA \/M) AK (MPA rr
4 10 40 100 4 10 40 100

1 17 7 1' 1'' 1 1 111 -t 1
STRESS RATIO =--0. 08 10STRESS RATIO

-d2 -2

10-1 10-1

* .10-3 - 10
12 -210' 10;

0 4
(.)10

10' ~ lo-,__ _

10' -10

10 -7

10 -6 10-

LO 106 110
*1 4 10 40 1001 4 10 0 10

1 4 10 4 1001

© STRESS RATIO=0 STRESS RATIO= 10~

-2, 16_______ 2

10' 10-

10'106

-2-

10 lo- 2U-

4 45

10 1-

z -5 -510 -10 ____________

10'- 10-65

1 0 4 0 1 441 0 40100
A(KSI %/in AK (KSI v~in)
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TABLE 6.12.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.12.3.1 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: AL-LOY STEEL HY-180
CONDITION: STA (UTS = 180KSI)
ENVIRONMENT: R.T. ,LAB AIR

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

A B C.D

SR=+0. 10 R=+0. 50

A: 2.72 :.0170

DELTA K B: 2.62 .0105
* MIN C:

3.00 .0232 .0179
3. 50 . .0368 . 0313
4.00 .. 0539 .0491
5.00 . 09S6 .0979
6.00 .. 158 .164
7.00 .232 .248
8.00 .. 322 .351
9.00 :.430 .474
10.00 :.556 .620
13.00 :1.07 1.21
16.00 :1.82 2. 11
20.00 : 3.33 4.00
25.00 : 6.36 8.07
30.00 : 11.2

A: 31. 28 12.9
DELTA K B: 26. 36 9.67

MAX C:

ROOT MEAN SQUARE 14. 34 21. 78
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 .

6.12-2
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CONDITION/HT: STA CUTS -1B0KSI) IEF
FORM: 1. 75"TH FORGED BAR YIELD STRENGTH: 197. 1 KSISTE

* SPECIMEN TYPE: CT ULT. STRENGTH: 199. 5 KSI
* OIETAIO: -T SPECIMEN THK: 0. 253"

FREQUENCY: 30. 00 HZ SPECIMEN WIDTH: 1. 500" H-B
* ENVIRONMENT: R. T. LAB AIR REFERENCES:DA001 H-8

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

STRESS RATIO *0. 10 100 STRESS RATIO ,,0.50

100-- 10-

103 10.1

102 10' 2

c
1  - 3 10 - u

10 10, E

10, 5 10-
1

-7 -5

107 - 10

1006 1

1 4 10 40 100 101 0 4 0
1 09 10 40 100F

STRESS RATIO 10STRESS RATIO= 100

10 - 010

1013 1073

100 21

10.2 102
4 u

10 103 E

-. ~1 *01- 0

10 1010

1 07 1 0 -6

106 ~ .. ~LLj 0 ... ~1
10-

A K (K SI 'in) AK (KSI V/77
Fijure 6.12.3.1

6.12-3
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TABLE 6.12.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.12.3.2 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL HY-180
CONDITION: STA (UTS = 1BOKSI)
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. 50

A: 11. 51 :.645
DELTA K B: 10.'71 :.699

MIN C:

13.0 C, 1. 10 1.64
16. 00 : 2.31 3.37
20. 00 : 4.29 5.61
25.00 7.04 8. 57
30.00 : 10. 1 11.9
35.00 . 13.6 15.6
40.00 18.0 20.6
50.00 . 30.8

A: 59.28 51.3
DELTA K B: 43.61 .25.0

MAX C:

ROOT MEAN SQUARE 3. 94 5. 39
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

6.12-4
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*CONDITION/HT: STA CUTS - 180KSI)ALO
FORM: 1. 75"TH FORCED BAR YIELD STRENGTH: 197. 1 KSI ISTEELI
SPECIMEN TYPE: CT ULT. STRENGTH: 199. 6 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 377"
FREQUENCY: 10.00 SPECIMEN WIDTH: 1. 500- 1. 501 HY-190
ENVIRONMENT: R. T. *LAB AIR REFERENCES13AO01

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

i99 0o 9
STRESS RATIO -I. 10 STRESS RATIO -s0. 50

1-2 ________-2 ________

1 00 , 1 0-

10' 10.1

11-2 - 1
11

- .4 -4
U

1 0  
- 10-

100
lo 1010'

10-410
-7-

1 40 10 40 1010-6___ _ _ __ _ _ _

1 4 0 4 104 104o0
STRESS RATIO STRESS RATIO= 100

10 - 010

101 11F1

-2 -2

10 103

u10 10 zL .
a io" i4

100-

lo104-.5

1010F7

10-6 10-

104 10 40 100 1 4 10 40 100
AK (KSI in)T AK (KSI ve/i)

Tijurc 6.1)2.3.2

* 6.12-5
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'4TABLE 6. 12. 3. 3

FATIgUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITIA FIGLJRE6.12.3.3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL HY-80
CONDITION:
ENVIRONMENT: R.T , 3. 5% NACL

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

(KSI*IN**1/2)ABC0

. R-=+O. 10

A: 24.02 5.47
DELTA K B:

MIN C.

*25.00 . 5.86e
3 0.0 6 .35
35. 00 : 11.6
40.00 15.8 r -t11
5000: 28.1
60.00 46.0
70.00 79.2

A: 77.74 : 114.
DELTA K B:

MAX C:
D:

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

ROOT MEAN SQUARE 9. 48
PERCENT ERROR

-LIFE 0.0-0. 3
PREDICTION 0. 5-0. e

- RATIO 0.8-1.25
SUMMARY 1.25-20

4 (NP/NA) >2. 0

4. 4

4 6.12-6

Downloaded from http://www.everyspec.com



*CONDITION/HT:ALO
FORM: YIELD STRENGTH: STEEL
SPECIMEN TYPE: WOL ULT. STRENGTH:
ORIENTATION: SPECIMEN THK: 0. 400"
FREQUENCY: 0. 50 HZ SPECIMEN WIDTH: 2. 55" HY-80
ENVIRONMENT: R. T.. 3. 5% NACL REFERENCES:U0007

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

-2STRESS RATIO z -0.10 10- STRESS RATIO

10 l

10.1 10.1

10 - ___ __1__-2

1010
UU

.44 _________

100-16

S10 10.

l0 10-

1 55

10.1 10

lo 107 10I

102 1 2

AN ___ ___1_ 
01 5

cf 10'
10-2

10610.6[

4 -4

1~1 40 10 4E0 0 4 0
zK(S K(S /~

'0cjr lo.12.3.35

10* 6.12-

16 1 
.- S-. 66~. . .C . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .
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TAE3LF 6.13.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE G.13.3.1 INDICATING EFFECT

OF STRESS RATIO

NAEIA:ALLOY STEEL H11

CONDITION: AUSTENIZED & TEMPERED (TN'S =220K91)
ENVIRONMENT: R.T. LAB AIR

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

A B C D

R=+0. 10 R=+0. 50

A: 6.34 :.0757
DELTA K B3: 3.07 :.0168

MIN C:
D:

3.50 :.0269
4.00 : 0428
5.00 :.0905
6.00 : 163
7.00 :.105 .262
9.00 163 .390
9.00 .240 549
10- 00 339 738
13. 00 791 1 .49
16. 00 1 .51 2. 52
20.00 2.95 4.56
25.00 5.52
3000 8.6
35.00 12. 9
40.00 17. 4

A: 44.01 21-.3
* * DELTA K B: 39 10. 5

MAX C.

-- D

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

ROOT MEAN SQUARE 4. 06 13. 76
PERCENT ERROR

*.LIFE 0. G0-0. 5
*PREDICTION 0. 5-0 9
SRATIO 0.8-1. 20 1

SUMMARY 1. 25-2.0
(NP/NA) >20

*~0. 13-4
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CONDITION/HT: AUSTENIZED & TEMPERED (TYS = 220KSI) ALLOY
"0 FORM: 3. 18"TH ROUND BAR YIELD STRENGTH:215. 4 KSI

SPECIMEN TYPE: CT ULT. STRENGTH: 25e 1 KSI
ORIENTATION: L-T SPECIMEN THK: 0 255- 0. 257"
FREQUENCY: 3& 00 HZ SPECIMEN WIDTH: 2. 002" Hi
ENVIRONMENT: R.T.. LAB AIR REFERENCES:DA001

&K (MPA /m)K (MPA Vm/)
4 10 40 100 4 10 40 100

STRESS RATIO ",-0. 10 0 STRESS RATIO -1& 50
1-2 10.2 -

10- 1073

10 .10.
."i 10 -- 10o

4 .4

103  103 EE
Z._,._-_10.

_--__ 10
"

_ z

"1. 10-4

10 1010

107oI '-., 1 7 -m - 1 0 -'_

-j10.61

10.8 1 --- .8 --- °.
1 4 10 40 100 1 4 10 40 100

STRESS RATIO 100, STRESS RATIO 10o

1-2 10 2

10 1  110-

,-.-.103 10 3 -

22
10.2

10 -,

u 104 
10 -

10. 10 3 E
- 10.  10.  --

"-L- - ___ 10
.4  - _-- __ __ __

10 .5 10 .5

,. - ______ __________ - 10.6 io7  10-6

i. 10 - I., I. , II, I , I ,I I - 10"s I~ iIII, I.......,L I,,LL--
1. 4 10 40 10O0 1 4 10 40 10

44

.: --AK (KSI . T AK (KSI V1Th

.0 -
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TALE 6. 13. 3. 2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FICGURE 6.13.3.2 INDICATING EFFECT

-A OF STRESS RATIO

MATERIAL: ALLOY STEE1. Hil
CONDITIONI: AUSTENIZED & TEMPERED (TYS =220KSI1)
ENVIRONMENT: R.T. SLAB AIR

*DEL TA K .DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**l/2)

A B C D

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

A: 12.92 .949
DELTA K B: 10. 54 :. 691

MIN C:
D:

13.00 :.970 1,.41
16.00 1.90 2.66
20.00 3.53 4.94
25.00 6. 19
30.00 9.73
35.-00 14. 5
40. 00 20. 9

A: 42.50 24. 9
DELTA K D: 22.18 6.46

MAX c:
D:

ROOT MEAN SQUARE 1. 90 2. 05
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

6.13-6
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- -

CONDITION/HT: AUSTENIZED & TEMPERED (TYS 2"20KSI)ALO
FORM: S.E "TH ROUND BAR YIELD STRENGTH:215. 4 KSI STEEL' SPECIMEN TYPE: CT ULT. STRENGTH: 258. 1 KSI

ORIENTATION: L-T SPECIMEN THK: 0. 488"
FREQUENCY: 10.00 HZ SPECIMEN WIDTH: 2. 005- 2. 010" H11
ENVIRONMENT: R.T.. LAB AIR REFERENCES:DA001

.'. ZAK (MPA A/') AK (MPA v'Th)
-.. 4 10 40 100 4 10 40 100

Il"-:- ''II' 00

STRESS RATIO = --0. 100 STRESS RATIO = --0. 50
1-2 lO-2

10- - 10--10 110F
1. -& -=0

.,2 1002>. - -4_____0. 2
___

10 010 10 "-

- 10 .  E

1z 5- 105
10 10"

-w:06 -6

010 .

5W5

10' 10'

1-6 10.6

10-8 F I-8 1I l i -

S10 40 10 1 4 10 40 100

101001 0 loo~FrTI~FT~STRESS RATIO = 10 STRESS RATIO= 10o

162 1-21 11

101 10* l
r .. 103 ---- 1 -31-

10' 10 - 2

11 0>1o
u= 10 .  u--

lo- 0 3 "E

E
z0 5  5

.. - 10 - 10 - 10 -

0-6 --~ 10-6 -

* . - _ _ _ _ __ _ _ _ -: 0 - -___0 -_10.  10 -
10--- -

1'"0 - - _ 10-'7 7
10-6 10.-6

4 10 40 100 1 4 10 40 100
AK (KSI VI) &K (KSI vrin)

, V jur(- 13. -3.."

," ",'6.13-7

* . . -
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- TA.LE 6.13.3.3 .

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.13.3.3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL Hli

CONDITION: AUSTENIZED & TEMPERED (TYS = 220KSI)
ENVIRONMENT: + 650F, AIR

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

A B C D

R=+0. 10 R=+0. 50

A 27.33 7.00
DELTA K B: 7.01 1.03

MIN C.
D

8.00 1. 17
9.00 1.36
10.00 1.61

13.00 2.97
16. 00
20. 00
25. 00

30.00 8. 83
35. 00 13. 1
40.00 18E. 6
50.00 34.6
60.00 59.8
70. 00 97. 9
80. 00 154.

A: 87 90 216.
DELTA K B: 14. 69 4. 42

MAX C:
k'- D: ,

ROOT MEAN SQUARE 6.82 11.15

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

6.13-8
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CONDITION/HT: AUSTENIZED & TEMPERED (TYS - 220KSI) ALLOY

* . ; FORM: 3. 18"TH ROUND BAR YIELD STRENGTH:215. 4 KSI STEEL

SPECIMEN TYPE: CT ULT STRENGTH: 258. 1 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 257- 0. 488"
FREQUENCY: 7.00 HZ SPECIMEN WIDTH: 2.000 H0l

.'" . ENVIRONMENT: -- 5500 F. AIR REFERENCES:DA0O1

"--- AK (MPA V&) AK (MPA v/-m)

4 10 40 100 4 10 40 100

.'" -'100 o

STRESS RATIO =-t0. 10 STRESS RATIO -1-0. 50
-O2 -62

10- 10-1

10.3  10

02 
1 0 2

k ioE
l16 10-

".-."C 10- 3 10- 3 E
E

"-1 -"-_ __10
-

_ 10
- 

Z

-5"°10" 50"6 _ _0 5

"''"10 
1066.710 o1

10 10 0104 104 01 ooOO lO
1 4 10 40 il 1 0011 11 1 1 10 40 1001

STRESS RATIO 10 STRESS RATIO =10

1 2 - 1 -2

10 .3  .0

10 10

-2 -2
10 Z

1 4 u

; lO6  Oz E

,-51 10 10 5

4 4'

10. 0 10
55

10-i 10-5

1 0 1
10-6 10

.
6

, 10- I i I 1 I 1 10" 8 1,
1 4 10 40 100 1 4 10 40 100

AK (KSI A,/') AK (KSI ')

". t ......... .. ...
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TABLE 6.13.3.4

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.13.3.4 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL Hll
CONDITION:

K MAX . DA/DT (10**-3 IN/HOUR)
(KSI*IN**1/2)

A B C D

E =  E=
:DIST. WATER ARGON, 100% REL

HUM

A: 17.50 15.4
K MAX B: 22. 50 : 876.
MIN C:

D:

20.00 8 61.2
25.00 ' 573. 1089.
3000 1648. 2424.
35.00 3253. 3552.

A: 38. 50 4763.

K MAX B: 37.00 5024.
MAX C:

D:

ROOT MEAN SQUARE 69. 12 18. 74
PERCENT ERROR

.3
..- -

0_ 6.13-10

.5' ,.

"-," ,...:, :. -- 4-..,.' ", ,,, e' ": ' " "' , ," ' '".
"

" /, '" " - ;, "'' ''-,-. .-. . .. ".'." '.
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*1 - . - . b *-

*0 CONDITION/HT: [TL.L
FORM: SPECIMEN THK 0. 1313 0.125" STEEL
SPECIMEN TYPE: CNT SPECIMEN WIDTH
ORIENTATION' CRACK LENGTH (Ao).
YIELD STRENGTH: 230.0 KSI K Iscc HI

, ULT STRENGTH REFERENCES:751 11. 84309

K max (MPA V'/) K max (MPA v"-')

4 10 40 100 4 10 40 100
I 1 1'1 1', , ,I 1 , 1 1' T 1 ' -- I, I I 111 1 1 1 -,

- ENVIRONMENT: -10' ENVIRONMENT
DIST. WATER ARGON. 100% REL HUM

10? 10 2

10, 1 0,

010' 10'

-- 10 _Q? 102

* 3 0
%,0100 _ - 1

100010' E

, - 010-1

100 100 C

10-2 -10-2

10-

'10-  10-0

S110-2 10-2

10-4 _ _ 10 -4 40

1 4 10 40 100 1 4 10 40 100

© ENVIRONMENT: 10" - ENVIRONMENT: 10'

10, 10

100 10?.%

% 100 100 ,
. . - - 102 -- 102

o _lo 10I 0 °  0:

10' 10' E
E

100 - 00

10 - 2 1010 -

10 --

1-  4_0_40 10 1
-- -- 10 - 10 - - 0 ;

. , . .4 -I0 4 1 ,,0 I 40 1 00 -- 1" 4 1 , 0 I 40 1 00 -

,, .- Kma x  (KSI -,/n) K,1a x  (KSI \ n)

Fi, ure 6.13. "

1,3-.1
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T A JL (1-1.3. 1

FATIGUE CRACK G ROWTH RATES AT DEFINED LEVELG
OF STRESSc INTENSITY' FACTOR

DATA ASSOCIATED~ WTTH FIUEG14 . NDICATIN-C.1 E-FE?7T

OF STRESS RATIO

M9ATERIAL: ALLOY EhL lN STEEL

CONDITION:
ENVIRONMENT: R.T. DRY AIR

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

A B 1

R=+0. 10 R=+0. 50

A 7. 869 t65
DELTA K B 4.05 061?

MIN C: 2
D:

5. 00 .0971
6. 600 .168
7. 00 :294
8. 00 177 .484
9. 00 294 730

*-10. 00 449 1 .00
*-13. 00 1 .14 1 .29
*16. 00 2. 15 2.689

2000. 3 904,7

25.00: .57 7.57
30.00 9.64 10.4
35. 00 . 13. 1
40. 00 16,.8
50.00 : 25.2
60.00 35.0
70.00 . 466

*A: 71 09 48.0
DELTA K. B 34. 16 1

MAX C:

ROOT MEAN SQUARE 33. 90 24. 26
>1 PERCENT ERROR

* IFE 0. 0-0 5
PREDICTION 0. 5-0 6

R RATO 7.8-0
SUMMARY I1 25 -2 0 11
(NP/NA) 20*

2.-.
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CONDITIONHT: ALO
* FORM. 0. 50"TH PLATE YIEL.D STRENGTH: 183.3 KSiSTE

SPECIMEN TYPE. CT ULT. STRENGTH. 197. 4 KSI
* ORIENTATION: L-T SPECIMEN THK: 0. 494"

FREQUENCY: 5.00 HZ SPECIMEN WIDTH: 2. 494- 2. 496" lN
* ~ ENVIRONMENT: R. T..-DRY AIR REFERENCES 198575 STEEL

&K (MPA &~Th K (MPA V/h)
*4 10 40 100 4 10 40 100

II I I I II I I I T1I T I I 1
STRESS RATIO -0. 10 00STRESS RATIO -0. 50

10-1 10-

100

102 10?

100 10 z

10- 0 10

10- 10- 5

1 0 106_

1 4 10 40 100 1 4 10 40 100

STRESS RATIO =10 STRESS RATIO =100

*10- 3 10-

10

-4 4

>11 4

10 10~ E

10- 5 10-

10- 10

1 0- 106

1 4 10 40 100 1 4 10 40 100
AK (KSI Vin) AK (KSI ,/m)
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TAitLF 3.14.3. 2

FAIc-UE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.14.3.2 iNDICATINC EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL iONI STEEL

CONDITION
ENVIRONMENT: R. T. , S. T. W.

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

A B C D

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

A: 23. 16 9. 91
DELTA K B: 5.79 .0829

MIN C
D:

6. 00 . 106
7.00 .278
8. 00 .576
9. 00 1. 02

10.00 1.60
13. 00 4. 12
16.00 7. 55
20.00 13. 1
25. 00 12.8 21.2
30. 00 19. 9 30. 7
35 00 25.5 42. 1
40.00 30. 5 55 3
50.00 43.5 85.2
60.00 114.

A: 59.06 66.0

DELTA K i 69.37 136.
MAX C.

D:

ROOT MEAN SQUARE 6. 88 78 50
* PERCENT ERN0FR

LIFE 0. 0-0. 5
PREDICTION 0. 5-C0 .8

RATIO 0. 8-i 2 5 1
SUMMARY 1. 25-2 01
(NP/NA) >2 0

( . I ,l -i

.. . . . . . . . . . . . . . . . . . . . .
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CONDITION/HT. YILDSREGH:18.3 SFORM: 0. 50"TH PLATE YEDSRNT 8. S TE
SPECIMEN TYPE: CT ULT. STRENGTH: 197. 4 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 497- 0. 516"
FREQUENCY: 0. 10 HZ SPECIMEN WIDTH. 2. 497- 2. 498' 10NI
ENVIRONMENT: R. T. . S. T. W. REFERENCES88575STE

i-f AK (MPA -. /)AK (MPA \/T)
4 10 40 100 4 10 40 100

STRESS RATIO~ -0. 10 .~1OSTRESS RATIO -- 0. 50
-d l 2 __ _ _ _ _ _ _ _

1001 100

1010o

Z _ l o 1 0__ _ _ _ _ _ _ _ _ _ _1

u 1
-3

10 10

10- 0

10' 10-

10 o

-. 14 10 40 100 14 10 40 100
10) 0T 10'h0

STRESS RATIO = 0STRESS RATIO -1

l2 -d2

10- 10

.3 __ __ _ __ __ _10 ~ . 021

I- 
4

10 o~1 3 r-

Z -5
S10 - , 10 -_ _ _ -z-

10- -0 10

-7D

_ _ _ t * 0 1_ __ _

10 106

S~ 
om 7-

6.....................................................................................
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TADLE 6.14.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA -ASSOCIATED WITH FIGURE 6.14.3.3 iNDICATING EFFECT

OF STRESS RAIiO

MATERIAL: ALLOY STEEL IONI STEEL
CONDITION
ENVIRONMENT: R.T. ,DRY AIR

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

A B C D

- R=+0. 10 R=+O. 30 R=+O. 70

A: 11. 50 .739
DELTA K B: 5.39 .0561

MIN C: 3.91 .0937

D:

4.00 .0943
5.00 .122
6.00 0993 185
7.00 .207 290
8.00 :362 .446
9. 00 563 .660
10. 00 .807 931
13.00 1.31 1 73 2. 03
16. 00 2. 22 2. 88 3. 44

20.00 5.20 4.64 5.76
25. 00 8. 14 7. 25 9. 31

30. 00 10. 9 10. 4 13. 7
35. 00 13. 5 14. 4 19. 3
40. 00 16. 2 27. 3

50.00 22.9
- 60.00. 32.6

70. 00 47. 4

A: 79.57 69.3
DELTA K B 37.57 16. 8

MAX C: 48.99 55. 8
-@. D:

, - .-- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ROOT MEAN SQUARE 21. 23 12 49 53. 40
PERCENT ERROR

* LIFE 0.0-0 5
PREDICTION 0. 5-0. 8 ,:

A"RATIO 0. e-i. 25
SUMMARY l 25-2.0 1 1

NRNA) P_ 

-4
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'0 CONDITION/HT:ALY
FORM: 1. 00"TH PLATE YIELD STRENGTH: 183. 3 KSI
SPECIMEN TYPE: CT ULT. STRENGTH: 197. 4 KSI
ORIENTATION: L-T SPECIMEN THK: E 75N4
FREQUENCY: 5. 00 HZ SPECIMEN WIDTH: 4. 951- 4. 988" 1N

.ENVIRONMENT: R. T. *DRY AIR REFERENCES:ee575 STEEL

4 10 40 100 4 10 40 100

STRESS RATIO - 0. 10 10 STRESS RATIO =-1-0. 30

1011 103

-2 2

i0o i 3-E
ol10 10-

'01 lo~ 10

lo0  1 -

16 10-10 c

10' 101 '

16 10 1-

1 4 10 40 104 0 40 100

STRESS RATIO= -+0. 70 100 @ STRESS RATIO= 100

10- 1010

10'10

~10.510 10-2

u 10

-6 510 -1-106

10 -404

10-7-

10 l10

4 140 1014 10 40 100

&K (KSI V7in) &K (KS in) ;.1-
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TABLF 6.14.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.14.3.4 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL lONI STEEL
CONDITION:
ENVRONMENT: 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. 50

A: 7. 72 0224
DELTA K B 5 73 .0357

MIN C
D

6.00 .0456
7.00 100

8.00 .0283 191
9.00 0594 .328 "t ."
10.00 .111 .521

13.00 449 1. 50
16.00 1.18 3. 17
20.00 2.92 6. 48
25.00 6.43 12. 1
30.00 11.3 18. 9
35.00 17. 4 26. 3

40.00 24. 4 33. 9
50.00 40. 4 48. 3
60.00 58. 1 60.6
70.00 76.8
80. 00 96. 1

90.00 116.

A: 9 5. 0 2 126.
DELTA K B: 68.O066

MAX C:
D:

ROOT MEAN SQUARE 33. 58 34. 04
PERCENT ERROR

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

RATIO 0 8-i,125 1
SUMMARY 1. 25 -2. 0 1
(NP/NA) >2 0 2

0. I,1- I

,:- v .Xj 2 j. . & ..
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CON DITION/HT:
FORM: 1. 00"TH PLATE YIELD STRENGTH: 183. 3 KSISTE
SPECIMEN TYPE: CT ULT. STRENGTH: 197. 4 KSI
ORIENTATION: L-T SPECIMEN THK:. 0. 750- 0. 7576

FREQUENCY: 1.00 HZ SPECIMENWIDTH: 4.993- 5.014" 10NI
ENVIRONMENT: R. T..* S. T. W. REFERENCES:866575STE

4 10 40 100 4 10 40 100

10 0
STRESS RATIO = -o0. 10 10STRESS RATIO -ie 50

162
100

10~~- 102'o 10-1
3 10-2

100

100
> 4 ~,.4 _________

1010 1-- E

E

V 10 10

1 4 4

10~ 1 06

10~0- 0IiL...Lj~....10 0 4 0

1 4 10 40 1004 10 0 10

STRESS RATIO =10 STRESS RATIO 7=100

-d2 1__ 
_ __ _ _2_ _

10101

-33
1 103 10'

~~1 10- u
-4 16 1

c 10 1 -
E

z 5 -5

10 -10

Llo-~ 10 10

-'-6

lo 1 --

1- 1 1 1 6 1 1
1A. 4- 10~ 40- 1~.~ A 1Ah~ 4,~ 10 40 100..
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T A 11L F 6.14.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.14.3.5 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL lONI STEEL

CONDITION:

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

A 13CD

E= R. T.
S. T. W.

A: 10.71 :.0314
DELTA K B:

*MIN C
D.

13.00 .160
1600 .661
20.00 2.21
2500. 5.63
30.00 10. 3
35.00 15. 5
40.00 21.2

* .60.00 46.0
70,00 60.9
80.00 79. 1
90. 00 102.
100.00 131.
130. 00 285.

A: 1383 64 360.
DELTA K B:

MA X C:

ROOT MEAN SQUARE 26. 64
PERCENT ERROR

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

RATIO 08 -1.25 i
SUMMARY 1 . 25-2. 0
(NP /NA) >.

(3.14-12
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CONDITION/HT: EE7
FORM, 1. 00m TH PLATE YIELD STRENGTH: 183. 3 KSISTE
SPECIMEN TYPE. CT ULT. STRENGTH: 197. 4 KSI [
ORIENTATION- T-L SPECIMEN THK: 0. 755"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 5. 001" 10NI
FREQUENCY. 1. 00 HZ REFERENCES:88575STE

AK (MPA V)AK (MPA y)

4 10 40 100 4 10 40 100

ENVIRONMENT: R. . 100 ENVIRONMENT:

S. T. W.- 010

162 ld2

lo 1

oO0- 10-

_ _ _10_ 100

4 4-..
10. 10

10o' 10

7 lo7  10 z

10- 16 10-6

1_ 4_10_40_100_4_10_4 100
Il' 111 1 I I I fill II I 1 1© ENVIRONMENT: 100 ENVIRONMENT:

10(

10' 10-

30-10.
-2 2?

10 100
> 1 0 3 1

10.' 10~
Z 5___ 10o5  

- z
10 10

-6 -

10' 101

10~ 10*

10-6 10.6

6.14
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TALJLE 6.15.3.1

FATIGUE CRACK G-ROWTH RATES AT DEFINED LEVELS
OFSRESITENSITY FACTOR

DATA ASSOCIATED WITH FIC-URE 6.l3. 3 .INDICATING EFFECT

OF FREQUENCY

*MATERIAL: ALLOY STEEL 12'_-9-2 MAR
CONDITION: STA 900

* * ENVIRONMENT: R. T LAB AIR

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

A B C D

F(HZ)= 10.00 F(HZ)= 30.00
SR THK. =. 503" SP. THK. =. 253"

A: 12.68: .730
DELTA K B3 6.95 :.014

MIN C: 6
D

7.00 .0154
2.00 .0401

9.00 0629
1000 .149
13.00 e 63 581
16.00 2.68 1.86
2000 8. 17 83.92

A: 23,91 27.6
DELTA K B3: 21.41 15. 9

MAX C:

0OOT MEAN SQUARE 11.25 14.09
PERCENT ERROR

*LIFE 0. 0-0, 5
PREDICTION 0. 5- 06

RATIO 0.8-1,25 1 1
SSUMMARY 1. 2 5-2 C0

(NP/NA) 0

0. ) ,
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CONDITION/HT STA 900ALO

KFORM 3.00"TH ROUND BAR YEDSRNT:21 S
SPECIMEN TP.CT ULT. STRENGTH: 257. 3 KSI
ORIENTATION: L-T SPECIMEN THK:
STRESS RATIO- -.0.10 SPECIMEN WIDTH: 1. 990- 1. 991" 12-9-
ENVIRONMENT. R. T. *LAB AIR REFERENCES.- AOO 12MA

AK (MPA i/)AK (MPA V/m)

4 10 40 100 4 10 40 100

FREQUENCY (Hz 10.00 ilFREQUENCY (Hz) 30. 00
16.2 SP. TIIK =0.503" 162- SP. TH( =0.253"

100

10 10-3

10 2 102

4 _ _ __ _ u__ _ _ _ --

10' 310-10
z .5 E

7) 10 -10 - z

10' io~

-6~0, 160-6__ __ __

10 1

1 4 10 40 100 1 4 10 40 100

,2 FREQUENCY (Hz) 10FREQUENCY (Hz) 10

10-3 110

101 101 -

10 10E

Ez 103__ _ _ _ _ -1~

10 10 za

10- -10

1o6 10 -6

5 5

106 10

~1 4 0 4 101 4 i0 4 0

4,K (KSI VTi) 4,K (KSI -,/in
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TABLE 6.19.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.19.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 18NI(250)MAR
CONDITION: TUS=243KSI

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

A B C D

S E= R.T.
"3. 5%NACL

A: 11.39 • 2.23
DELTA K B:

MIN C:

D:

13.00 : 5.05
16. 00 " 11. 1
20.00 • 18.0
25.00 : 27.5
30.00 : 42.7

35.00 : 66.9
40.00 : 94.2

A: 45.03 : 113.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 12. 81

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

6.19-4

,. ... '. ',.,%, -" . .' .".-- - v -.v.v., . 4 4.. , .
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......... . -

" CONDITION/HT: TUS-243KSI ALLOY
FORM: 12. 00"TH BILLET YIELD STRENGTH:232. 7 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 243. 5 KSI
ORIENTATION- L-T SPECIMEN THK: 1. 001"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 554"

.- ,.. FREQUENCY: 1.00 HZ REFERENCES:90981 (250)MA

,ZK (MPA v) AK (MPA %1M)

"t". 4 10 40 100 4 10 40 100

RI 4f.1 I'll 100 ENVIRONMENT:
-2.'" 10________-2 -- ________ _________

102- 10

101 101

--I0 2  -2S 3  - 3

10 2 
102

6 5- 
- -

1 0 11 0 1 "
10 io-4 1 y

5 
5 E

.L.'10 -=I* -_ I z

10-7 -1 10 -

. .-- , - -_ , -

10 
- 10

107 110

1 4 10 40 100 4 10 40 100
I~~ll I' II '

- ENVIRONMENT: ~0~ @ ' II I''_10 ENVIRONMENT: 100
10 Z 10

-10 10.1

io.3  -10 -3
- 102 -2

"-0 - 0 --"C 1 .  10. 3  --

4ui0 - -
10 U

:::::: :_-_ _ _ _
0 -010 

-

-7 -7 -
10 - 10

" 
10"

:.. -" -. 10"a ..J..I, ..I , II, I ...L.,I ,1 0"  .. .. J..I , ,L II,.I . I J I
.¢., ... 1 4 10 40 100 1 4 10 40 100

A ,' K (KSI vi'n) K (KSI /'T)

" " Fiure 619.31

[4IU4

6 6.19-5 6

1--- 
.

t" "':* . -5

":": ; ", ,. 10"",F7 " " 10" ' "-"7 :" " :,:. ' ,. : : : ,- - : . ,. .. . : : :, , , . : : : " : . . - ,
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TABLE 6o.19.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.19.3.2 INDICATING EFFECT

* OF ENVIRONMENT

MATERIAL: ALLOY STEEL 18NI(250)MAR
CONDITION: TUS=243KSI

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

A B C D

E=R. T. E= R. T.
LAB AIR 3. 5%NACL

A: 7.69 .290
DELTA K B:
MIN C:

8.00 :.373
9.00 :.716
10.00 :1. 16
13.00 : 2.73
16.00 : 4.21
20.00 : 5.91
25.00 : 8. 16

4' 30.00 : 11.4
F.'435.00 : 16.7

40.00 : 25.7
-. 50.00 : 71.0

A: 52.78 : 97.0
DELTA K B:

MAX C:

ROOT MEAN SQUARE 121. 19 0.00
PERCENT ERROR

LIFE 0. 0-0. 3
PREDICT ION 0. 5-0. 8

RATIO 0.83-1.25

SUMMARY 1. 25-2. 0

(NP/NA) '2.0 1

6.19-6
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* .70

CONDITION/HT: TUS-243KSIALO
* FORM: 12.00'TH BILLET YIELD STRENGTH:231.8 KSISTE4

SPECIMEN TYPE: CT ULT. STRENGTH: 243. 0 KSI

ORIENTATION- T-L SPECIMEN THK: 1.000- 1.001"
STRESS RATIO: *.0. 10 SPECIMEN WIDTH: 2. 553 18NI

FREOENCY 1000 H REFRENES:9981(250) MAF

AK (MPA V 100 AK (MPA V/m) 10
4 10 40 104 10 4010

ENVLRYNNT:R.10lo ENVI O8NMENT: R. 41111
0A~ 3.5ZNACL

16162

10.1 10.1

iu 1073

lo-,

10.6 106

1 440 4 0
I U''' 1I I'''

10 C3 10.

lo 1010;
4 4

c.0, 10 10-J

10 1

16 10.-

10, 10.-

10, 1o48

1 4 004.604 1 4 0

10-80- 110 410'

AK3 (1S O'FAK(SI3

2iue61..
1 9-70-

* . ~ 3 .. .. *... .... ... ... , .. ~ . . . . . . . . Z
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TABLE 6.19.3.3

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.19.3.3 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 1BNI (250)

Ct]NDITION:

K MAX : DA/DT (10**-3 IN/HOUR)
(KSI*IN**1/2)

- A B C D

:3. 5% NACL

.. _ A:•
K MAX B:
MIN C:

200.00

A:

K MAX B:
MAX C:

.'-'i" D :"

ROOT MEAN SQUARE 0. 00
PERCENT ERROR

6.19-8
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CONDITION/HT: iALLOY
FORM: SPECIMEN THK: STEEL
SPECIMEN TYPE: TDCB SPECIMEN WIDTH:
ORIENTATION CRACK LENGTH (Ao):
YIELD STRENGTH: K Iscc: 18NI
ULT STRENGTH: REFERENCES.78313 (250)

K max (MPA vm) K max (MPA V')
4 10 40 100 4 10 40 100

-ENVIRONMENT: -10, ENVIRONMENT'
3. 5% NACL

102 102

10- 10,

- 10' 101 J

102 102  17

o 100 100 --

10- -10 E
E

7 010-' 10-'

. 100 loo

- 10-2 10-2

M 10-' 10-1

10
-  1  10 --

10 - 2 10-2
I I il- I I

,'" 10-4 Ii I l0 ' I I I I ,II
- 4 10 40 100 1 4 10 40 100

ENVIRONMENT: 10' ENVIRONMENT: 10'

102 102

1 0, 10Q3

, 10' 10'

102 102

0 100 1 100 - 0

?-" - 10, -- 10, E
E

lo-, 10-'

010- 10-24 ___-- ___ __ _10
0

_ __-- ___ 10
0

__

100-i 110'1' -- 0-' -- 10-

4 10-3 1 _0-

10--2 10-2

1. - -..... i...L± - 10'_....L±wL L...L. -p.• . 10-4 1 , , = 1 1 1 , -! " I , 1 1 I , , , -

1 .' 4 10 40 100 1 4 10 40 100
Kmax (KSI vr-n) K max (KSI -in)

Figure 6.19.3.3

6.19-9 • .
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-TABLE 6.19.3.4

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSII'V FACTOR

DATA ASSOCIATED WITH FIGURE 6.19.3.4 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 16NI(250)
CONDITION:

K MAX DA/DT (10**-3 IN/HOUR)
(KSI*IN**1/2)

A B C D

DEHUMIDIFIED HYDROGEN
HYDROGEN

A: 18. 00 1494.
K MAX B: 23. 10 1403.
MIN C:

D:

20.00 4145.
25. 00 8724. 2376.
30. 00 5529.
35. 00 .8306.

40. 00 10206.
50.00 12754.

A: 29. 20 11124.
K MAX B: 52.70 " 13502.
MAX C:

ROOT MEAN SQUARE 9. 07 2. 81
PERCENT ERROR

.77

-6,19-10

'.

!;i6.19-1.
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V*. . . 4 . ..

CONDITION' HT
FORM. 0. 3" TH PLATE SPECIMEN THK 0. 250'
SPECIMEN TYPE: CNT SPECIMEN WIDTH 2. 750"
ORIENTATION: CRACK LENGTH (A0 )
YIELD STRENGTH; 246. 0 K<S' K iSC
ULT STRENGTH REFERENCES 70887, 843: 01

(250)

P p

K max (MPA v'm) K max (MPA v -r

-'.4 10 40 100 4 10 40 100

ENVIRONMENT. 1'ENVIRONMENT
"DEHUMDIFIED HYDROGEN

lz HYDROGEN ______-102

100 1

~10~ -100

10, 10'

100 10 .

10-2 - 1
10-' 10-

1 0-1 10-3
10-2 10-2

10-' 4±.~l 10-' L.±LiL ........ LLLL
1 4 10 40 100 1 4 10 40 100

@ ENVIRONMENT: 10' @ ENVIRONMENT: 104

102 102
4 .1 03 1 03

'4 ~10* 0

%10Q2 102

S100 -100

10' 0
E

S10' -10

100 100 .

/4 ~10-2- 0

10-2 10-2

o-7 1-4~ IiL1 10-'4L.L L.w
14 10 40 100 1 4 10 40 100

14Kmax (KSI -,/-in Kmax) (KSI x''n)

Figure 6.19.3.4
..

6.19-11
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"FABLE 6.21.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGU'RE 6.21.3.1 INDICATING EFFECT

OF ENVIRONMENT
-------------------------------------------------------------------------------------
MATERIAL: ALLOY STEEL 18NI (300)MAR

* , CONDITION:
-------------------------------------------------------------------------------------

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

A B3 C D

E= R. -.
:H. H. A.

A: 20.16 2.64
DELTA K B3:

MIN C:

* .. 25.00 6.05
a..-.30.00 B.81

35.00 1.
40.00 14.0
50. 00 : 22.2
60.00 39.9

A: 67.79 : 41.0
DELTA K B:

MAX C:
D:

--------------------------------------------------------------------------------------
ROOT MEAN SQUARE 14. 25
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

'4. 6.21-4

4a' . L PL.'4.
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CONDITION/HT:ALO
FORM: 0. 13'TH FORGING YIELD STRENGTH: STEEL
SPECIMEN TYPE: CCP ULT. STRENGTH.
ORIENTATION- L-T SPECIMEN THK: 0. 125"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: S.000" 18NI
IEQUENCY: 2. 00 HZ REFERENCES:78425 (0)M

AK (MPA ~/~)AK (MPA -VFT

4 10 40 100 4 10 40 100

'~ NINA-tT ~ R. iK' 10 '~) ENVIF ONMNT

10
- 10-1 10 1

63~ 10
102z 102

,~. cjl10-

1o- Z 10- E

z -

101010

10- 10

1 OF 1010.6

1 4 10 40 10 101 40..LL 0
'I ''~I I II 'I fill_

-EVIRONMENT: 100 @ ENVIRONMENT:10

10' 01

100

-44 4
10 10

70 lo io

10 4
10

.6 166 _ _ _ _ _ _ _

10 1

-7 -7
10 10

16
*~~1 1O L10-6~J 84 10 4 0

1 4 10 40 1 01 10 40..LLLL 1'..LL.LLL
A K (K SI v/ -In AK (KSI 7n)

Figjure 6.21.3.1

6.21-5

0. U- -
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TABLE 6.21.3.2

F.ATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.21.3.2 INDICATrING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL iBNI(300)MAR
CONDITION:

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

A 13 C D

* E= R. T. E= R. T. E= R. T.
.L. H.A. H. H. A. 3. 5% NACL

A. 6.67 :.474
DELTA K B: 6.85 .435

MIN C: 14. 61 :3. 56
D:

7.00 : 561 .472
6.00 :.847 .753
9.00 : 1. 16 1. 10
10.00 . 1.49 1. 51
1300: 2.63 3. 11
16.00 4. 15 5. 30 4.82
20.00 . 7.42 9.38 10.2c

V,*.

A: 24.7~1 15. 1
DELTA K B3: 22.96 13.6

MAX C: 26 16.4

ROOT MEAN SQUARE 11. 13 14.20 7.07
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

6.21-E.
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CONDITION/HT: ALLOYTENTHFORM: 0.13"TH FORGING YEDTEGH TE
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION- L-T SPECIMEN THK: 0. 125'
STRESS RATIO: -0.567 SPECIMEN WIDTH: 3. 000" 18NI
*FREQUENCY: 2. 00 HZ REFER ENCES:78425 (0)M

&K (MPA ./m) AK (MPA -\/M)
4 10 40 100 4 10 40 100

* '-" ENIRNMENT: R .10 '- ENVIRO8NMENT: R. T..
LFHN. H. H. A. I

100 10

163 10.13

102 1o20
* .C.)C.

>1 1-4 -4
C.) 10 - 10 6.

E

lo 10 - 10o5  dkz
C4 4 -

107 010

10-6 10.6

l-8

EkAN T R_ 100 ENVIRONMENT: 100

10' o-

~17 1631. 1.

10- 1 0-2 10.2 3
106

10 iz 10

~ - E

V &10- 10 '

10F- 107
10 o-6 10

168 10- 1o Z 0

1 4 10 40 100 1 4 10 40 100
AK (KSI vt'~) AK (KSI V'Th-

Fi1jure, 6.21.3.2

6.21-7
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TABLE 6.21.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE6.21.3.3 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL i8N1 (300)MAR
* . CONDITION: AGED

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

(KSI*IN**1/2)

A 1B C D)

* E= R. T. E= R. T.

:AIR DRY ARGON

A:
*DELTA K B 8.77 .107

MIN C
D:

9.00 .102
10.00 . 148
13. 00 . 529
16. 00 . .950

20.00 1.97
25.00 3.70
30.00 4.98

A:
DELTA K B: 30.62 5.05

MAX C:
D:

ROOT MEAN SQUARE 0. 00 19. 14
PERCENT ERROR

LIFE 0.0O-l. 5
PREDICTION 0. 5-0.8

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

* (NP/NA) 2.0

6.21-8
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CONDITION/HT:. AGED [i.L.0
FORM: YIELD STRENGTH:I STEEL
SPECIMEN TYPE: ULT. STRENGTH:
ORIENTATION SPECIMEN THK'

* STRESS RATIO: -.0. 05 SPECIMEN WIDTH: 18N I
FREQUENCY: 20. 00 HZ REFERENCES91838 (300MAF

AK (MPA -,V-M) AK (MPA Vm/~)
4 10 40 100 4 10 40 100

EIRMT RI .9 100 @ ENVIRONMeNT: R. 1.

10- o

10 1103

12 -2_10 10;

16.

10- 10-3 E

z E
S10 10o~-

10 10 io6

16
1057

100

1 6 10-6
1010a

I~~~~~11 1' TI' I I II II' 1__ I II1
ENVIRONMENT: 100 @ ENVIRONMENT:10

1-2 162

101 IIII io-

100

>.' -- 2__ _ _ __ _ _ _

10 10

u 6 1-
10 - 10

10~ 10.

10 10.6

10 .. L...L..LLLL..L.4L±LLL11

10 . 4 1 0 4 0 1 0 1 4 01 4 001 0

AK (KSI V7h A K (K Si V/ 7n

* G0. 2 1-
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TAiOLk 6. 21. 3. 4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WTTH FIGURE6.21.3.4 INDICATING EFFECT

OF ENVIRONMENI
--------------------------------------------------------------------------------------

* . MATERIAL: ALLOY STEEL I8NI(30C-)MAR
CONDITION: ANNEALED

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

A B C D

E= R.T. E= R.T.
AIR DRY ARGON

A:
DELTA KB: 9.05 .101

MIN C
D:

1000 .214
13.00 .519
16.00 1.09
20.00 2. 14
25.00 3.68
30.00 5. 19
35.00 .6.72

40.00 6.78

A:
DELTA K 2 44.46 11.7

MAX C:
D

ROOT MEAN SQUARE 0. 00 10. 47
* PERCENT ERROR
--------------------------------------------------------------------------------------

LIFE 0.0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8- 1 25
SUMMARY 1.25-2.0

- .(NP/NA) 0

6.2 21 -Lo
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* CONDITION/HT:ANAE ALLOY
FORM: YIELD STRENGTH: STEEL
SPECIMEN TYPE: ULT. STRENGTH:
ORIENTATION' SPECIMEN THK:
STRESS RATIO: -0. 05 SPECIMEN WIDTH: lN

FREUENY: 0.0 HZREFERENCES:918369 (300) MAF

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

ENVIRONMENT: R. .,o 10 ENVIRONMENT: R.
AIR DRY ARGON

1-2 _________ 2 _ _______

10- 10-

io03 10-3

10 10~

lo- 10 3 E

z 1 El-1

10- -5 10
100-

-7 7)

166.

*~~ 1101 0 0

0 ENVIRONMENT: 100

103 1 103

10-2 1 o"2

10, 10-3 E

~10, 10, 5 z
V10 -4~ 4

100

5 o 5

10-6 10. 6

1 4 10 40 100 1 4 10 40 100
A K(K SI 71) Fiur 6.21.3.4 &K (KSI *~/n)
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TABLE 6.21.3.5

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE6.21.3.5 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 18NI (300)
CONDITION:

K MAX .DA/DT (10**-3 IN/HOUR)
(KSI*IN**1/2)

A B C D

E= - .

: HYDROGEN 3. 5% NACL

A: 12.60 : 920.
K MAX B.
MIN C:

D:

13.00 : 2465.
16.00 :13691.

* . 20. 00 :18844.

A: 22. 20 :21037.
K MAX B:
MAX C:

D:

ROOT MEAN SQUARE 8. 44 0. 00
PERCENT ERROR

9.. 6.21-12
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CONDITION/HT: ALLOY
FORM: SPECIMEN THK: 0. 500 STEEL
SPECIMEN TYPE: SPECIMEN WIDTH: 1. 500"
ORIENTATION: CRACK LENGTH (Ao):
YIELD STRENGTH: K IsCC: 1NI

' - ULT. STRENGTH: REFERENCES:84310. 74719 (300)

K max (MPA v-m) K max (MPA vrm)
* 4 10 40 100 4 10 40 100

0 ENVIRONMENT: 10' ENVIRONMENT:
HYDROGEN 3. 5% NACL

102 102

10' 010'

102'- 102

00 100 _ _ _ _ _C - 10' 10' E

01-1 -10-'

o 100 _o100

10-2 10-2 [ E

"10-- 10-'

"* 10-3 _ -- 10 _-
1- 0-2 -

1
10-' I ,... JI L, .. ILL±. - 10-' I .. ±.I ' , .lWI IL LLL -

10-4 1 4 10 40 100 I 4 10 40 100

'- ENVIRONMENT: 10' ENVIRONMENT: 10'

102 102

U4. 1 - - 0
101 -102

103  103

~100 100 ,

C 101 101 E
E

- 1- 10-1 1

100 100

10"2 -- 10- --

10-' -0-

10-3 - 10-3

10-2 _ 10-2
""10 --4 10- 4 --- 1- 110-h

1 0-.,.' , 1 , 1 ,1, L L L I , I , I ,I, --L J 10 -' 1 .. l... l.. L , LL I ....... , ILL 1, -

% 1 4 10 40 100 1 4 10 40 100
Kmax (KSI X7/in) Kmax (KSI VTn)

Figure 6.21.3.5

6.21-13
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TABLE 6.22.3.1

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.22.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 18NI (350)
CONDITION: AGED SHR BO0F

K MAX .DA/DT (10**-3 IN/HOUR)
(KSI*IN**1/2)

A B C D

. E=
3. 5% NACL

A: 13.00 : 392.
K MAX B:
MIN C:

16. 00 : 930.
20.00 : 1502.
25. 00 : 2053.
30. 00 2898.

A: 32. 00 :3454.
K MAX B:
MAX C:

... ROOT MEAN SQUARE 9.79
PERCENT ERROR

6.22-2
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CONDITION/HT: AGED 8HR 800F ALLOY

FORM: SPECIMEN THK: 0.394" STEEL
SPECIMEN TYPE: NB SPECIMEN WIDTH: 0. 394"
ORIENTATION: CRACK LENGTH (Ao):
YIELD STRENGTH: 330.0 KSI Kscc:-'. 18NI
ULT. STRENGTH: REFERENCES:74719 (350)

K max (MPA V"m) K max (MPA Vrm)
4 10 40 100 4 10 40 100

,I, , , I II I I,,,,,1 9
ENVIRONMENT: 10" ENVIRONMENT:
3.5PCT NACL

10 2  10 2

103- 103

*101 -101

10? 102

100p- 10 0- - 0

C .101 -101 E
E

S10-' __ 10-'

100 100 cc

10-2 10-2

10.1 10-1

" 10- 3  
- 10-a

10-2 10-2

10-' 4 - 10-' ILJ 1L 1Ill -
1 4 10 40 100 1 4 10 40 100

F104
ENVIRONMENT: 10 @ ENVIRONMENT: 10'

102 102

10 3  103

101 10

-- 0 __102 10 __ 102

100 100 - 0
C, 1 ",

E
"10 -1- 10 -1 - I

< 100 100 "t

10-2 -10-2

10-- 10-'

10-- - 10-
.10-2 10

10-' - I -- 1 10-
,10"+ 4 10 40 100 1 4 10 40 100

K max (KSI n) Kmax (Kbl V'n)
Figure 6.22.3.1

* 6.22-3
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TABLE

-AT:GUE CRACK G-:ROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED*, WTTH FIG, URE .. NDICATINQ EFFEC

OF ENVIRONMENT

MATERIAL ALLOY STEEL 300M

CONDITION

DELTA K DA/DN (10**-b IN. /CYCLE)
SKS I*IN**1/2)

A B C P

* E= R. T. E= R.T.
:LAB AIR SIM SEA WATER

A 5 Z2 .113

DELTA K B 9 06 .488
MIN C

D

6. 00 192
7. 00 293
8. 00 415

90. 0 555
10 00 716 740

.. 13. 00 1. 33 1. 51
16. 00 2. 18 2. 17
20. 00 3. 83 3. 30
25. 00 7. 04 5. 90
30. 00 12. 2 10 8
35.00 20.5 20.0

400 00 33. 3 36 9
50. 0 82. 7 158.

A 52. 48 103.
DELTA ", B: 51. 27 548.

MAX C
° ' D

ROOT MEAN SQUARE 23. 32 32. 2,6
PERCENT ERROR

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

R RATIO 0. 8-1 25
- SUMMARY 1. 25-2. 0

(NP/NA) 0

.-.

"; '.6.23-14
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CONDITION/HT:
FORM: 1.25'TH FORGING YIELD STRENGTH:239.0- 245.5 KSI STE
SPECIMEN TYPE: WOL ULT. STRENGTH: 291.0- 297.0 KSI
ORIENTATION- L-T SPECIMEN THK: 1. 250"

-STRESS RATIO: -0. 02 SPECIMEN WIDTH: 5. 000" 30
FREQUENCY: 0. 10- 20. 00 HZ REFERENCES:MA005 30

&K (MPA -%m &K (MPA Vm
4 10 40 100 4 10 40 100

1 1 1 tiff® NVIRONMOENT: R.+. 1  100 \-o ENVII ONM NT: R.
LAB AIR SIM SEA WATER

10 10

-10.1 10-1

100 10-2

11 4~ 16E

1 0 .3 1 0_ _3 Eo-

V 100.5c

10010

10 105 0

16 4 1 10 1 4 10 40 10

© ENVIRONMENT: 10o ENVIRONMENT: 100

10- 10-

10F3 10.3

102 10

4 4

10 ~ -3
Cu E

'a 10- 10-5

101 10

10- 10-

1076 10-

10'aLJLii 1078 J.U~~J~
-.- 1 4 10 40 100 1 4 10 40 100

-. -. AK (KSI vi7) Fiue623&K (KSI VfT)

6.23-15
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."

TABLE 6.23.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DAT- 0SSOCIATED WITH FIGURE 6.23.3.2 INDICATING EFFECT

OF ENVIRONMENT

SMATERIAL: ALLOY STEEL 300M
CONDITION:

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

A B C D

E=  R. F. E= R. T.
:LAB AIR SIM SEA WATER

A 4. 4 .115
-- DELTA K B 7. i 440

I, -' MIN C:

5.0 0: lie
6.0 206
7.- o . 315
6. 0 .442 .560 6
9.00 587 708
10.00 .749 .656

. 13.00 1 36 1. 32
16. 0o -

20. 00 3. 672. 99
25.0 0 7. 31 5. 44

. 30. 00 13. 2 10 3
35. 00 23. 4 20. 1
40. 00 40. 5 40. 1

50.00 : 117.

A: 52. 52 151.
DELTA K B: 48. 66 136.

MAX C:
D

Sl ROOT MEAN SQUARE 27. 12 26. 80

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:- 2'

* 6.23-16M......:c...
d '-. -- . . - -
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CONDITION/HT: ALLOY
FORM: 1.25"TH FORGING YIELD STRENGTH:248.0- 246. 5 KSI STEEL
SPECIMEN TYPE: WOL ULT. STRENGTH: 298. 5- 299. 8 KSI
ORIENTATION T-L SPECIMEN THK: 1. 250"
STRESS RATIO: -0. 02 SPECIMEN WIDTH: 5. 00" BOOM
FREQUENCY: 0. 10- 28.00 HZ REFERENCES:MA005

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

ENVIRONMENT: R.T.. 100 ENVIRONM1NT R. T..
LAB AIR SIM SEA WATER

ld2  _1lO 2 _

10-1 10 -1

o3
-

10.3 10 . 3

102 2

a), 10 "  10.510 .  10 .
106

3 3E
10 .  10. 10 5

zE

iO. 10
4  10"

'a_ __ - -5 ..

10 1

II~ 4I" --- A-

10. 10-

106 10

04 10 40 100

-- ' 'l"l ', ' ',' _ @ -- I 'I''" I I'' l

- ENVIRONMENT: 100 ENVIRONMENT: _-100o

7q

100_1
101 10

0 1010
1 4 10 40 10 10.2 1_ 42 10

10 .  10 E

1073_ _ _ _ _ _ 1063

1 10

V iO~ 10~

.-. 3

10 .0- 10E

1 5 5  105

.7 .6

1 6 10

1075 10.6

i0.810 10 6~j 0 ~.L..L

1 4 10 40 100 1 4 10 40 100
A(KS I A K (K SI 7n/)

AK V~hFiqurc 6.23.3.2

6.23-17
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TAi8LE 6.23.3.3

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

DAAASSOCIATED WITH FIGURE 6.23.3.3 -NIAIN FET

OF STRESS RATIO

MATERIAL: ALLOY STEEL 300M
* CONDITION: TUS=280-300KSI

*. ENVIRONMENT: R.T. LAB AIR

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

A B C D

R=-1. 00 R=+0. 02 R=.-0.50

A: 1240 .968
DELTA K B: 12.11 .803

MIN C: 8.73 .670
D:

9.00 73B
10.00 1.02
13.00 1. 16 1. 05 2. 11
16.00 2.26 2.03 3. 64
20.00 3.79 3.56 6. 52
25.00 5.893 5. 85 12. 1
30. 00 8. 37 8. 89 21. 1
35.00 12. 1 13.3
40. 00 17. 8 20. 0
50. 00 42. 4 47. 0
60.00 113. 232.

A: 64. 78 187.
DELTA K B: 156. 09 21803.

MAX C: 31.97 46.4
D:

*.- ROOT MEAN SQUARE 10. 81 7. 40 4. 5
PERCENT ERROR

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

SUMMARY 1.25-2.0
(NP/NA) >20

6.23-18
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CONDITION/HT: TUS-280-300KSI LO
0FORM: 4* 25"TH BAR YIELD STRENGTH: 234. 5 KSISTE

*SPECIMEN TYPE. CCP ULT. STRENGTH: 2832. 5 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 250"
FREQUENCY: 10. 00 HZ SPECIMEN WIDTH: 4. 000" 30

*ENVIRONMENT: R. T. *LAB AIR REFERENCES.MA006

&K (MPA ~/~)AK (MPA V/')
4 10 40 100 4 10 40 100

* ~100- -m
STRESS RATIO= -1.00 STRESS RATIO= +t0. 02

1-2 -2 ________ ______ __

10 101

10 0~

-2 ~w 210 10;

-3 3~~1 100-

z 5o

166 10"6

1 0 1 0 1 0 1 0

* 7 -7

1 6 106
*~~o 10 io o JJJ.J

1 4 10 40 100 1 4 10 40 100
- I I I 'I I I I l il I I P ill I I I I f il

- -STRESS RATIO - 0. 50 10STRESS RATIO =100

102

3  
- - o-3-

1010

C1-- -2 C*
-~ - 100

1 ~o-~u

zE

10-5 lo-05

- o 10-4

1 US; 1066

10lo - 08liW-

1- 4 108 40 101 1 0 40i10

AK (KSI v'Th) AK (KSI \/'-in)
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TABLE 6.23.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* DATA ASSOCIATED WITH FIGURE 6.23.3.4 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL 300M
CONDITION: UTS=280-300KSI
ENVIRONMENT: R. T. , L. H. A.

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

A B C

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

A: 11. 61 .39

DELTA K b: ii. 63 .45
MIN C: 6.00 7

D:

7. 0 .272

8. O .382

9. 00 . bOB
10. 00 :657
13.00 .634 .664 1.32
16.00 1.67 1 42 2.65
20. 0 3. 18 2.96 6.97
25. 00 5.47 5. 73 25. 1
30.00 9.27 9. 53
35. o0 17.0 14. 5
40.00 34.4 20.7
50. 00 18. 3. 0
60.00 63.8
70. 00 102.

A: 55.73 573.
DELTA K B: 79 71 154.

MAX C: 27.15 286.
3- D:

ROOT MEAN SQUARE 22. 63 2'. 35 26. 95
O. 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

6.23-20
S...................................

.......................................
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I to: CONDITION/HT: UTS-2190-SOOKSI LO
* FORM: 3. 50"TH BILLET YIELD STRENGTH: 248. 0- 250. 0 KSI STEEL

* SPECIMEN TYPE: CCP ULT. STRENGTH: 295.5- 298.0 KSI
*ORIENTATION: L-T SPECIMEN THK: 0. 250"

FREQUENCY: 10. 00 HZ SPECIMEN WIDTH: 3. 900- 4. 000" 300m
*ENVIRONMENT: R. T..* L. H. A. REFERENCESN~A007. MA0 10

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

-STRESS RATIO= -1.0 100 STRESS RATIO .0. 00

101 10.1

1 o 3  -3i
10' 2 1 -2

3 10.2

zz

10 ioo--

166 1 66

.7~ _ _ _ _ _ _ _ -i

7 106 1107

10810 .. L.0LLJ iJ J6-1

1 4 i1 40 100 4 10 40 100

SRSRAI -050100 @ STRESS RATIO= 100

16i~
2  1 62

-10.1 10.1

103 631

10-2 102

c10 - 10 E u

E
Z 5~__ _ _ o

0 0 10- 10, 10

10- -10

10 WLLLL0

1 4 10 40 100 1 4 10 40 100
&K (KSI v'Th) &K (KSI V'Th
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TABLE 6.23.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* DATA ASSOCIATED WITH FIGURE 6.23.3.5 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 3OOM
CONDITION: TU62180-300KSI

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

A B C D

E= R. T. E = R. T. E =- R. T. E= R. T.
.3. 5% NACL ALT IMMERSION ALT IMMERSION ALTIMESO

IN SEA WATER- IN SEA WATER- IN SEA WATER-
IMMERSED 1ST HALF DRY 2ND HALF DRY

GYC illYc

A: 16. 55 . 723
DELTA K B: 11.30 .923

MIN C: 11.22 .382
D: 11.50 .386

13.00 1.08 ~ ,3.524
16.00 .1. 51 1.01 .971
20.00 2.24 2.61 2. 17 2.05
25. 00 6. 17 4. ?9 4.85 4. 41
30.00 12.3 8. 51 8. 12 7.2E9
35.00 21. 5 11.9 12. 1
40.00 35.9 16. 5
50.00 100.

A: 55.70 18E6.
DELTA K B~ 32.23 .10. 4

MAX C: 37.07 13. 4
_D: 40.07 .16. 5

ROOT MEAN SQUARE 39. 88 8. 55 18. 05 19. 59
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

6 6.23-22
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CONDITION/HT: TU S -280-3O O KS I  ALLOY
FORM: 3. 50"TH BILLET YIELD STRENGTH: 24. 0- 250.0 KSI STEEL
SPECIMEN TYPE: CCP ULT. STRENGTH: 295. 5- 298.0 KSI
ORIENTATION L-T SPECIMEN THK: 0. 250

--.STRESS RATIO: 0. 00 SPECIMEN WIDTH: 3. 900- 4. 000" 300M
-:REQUENCY: 10. 00 HZ REFERENCES:MA007. MA010

AK (MPA Vrm) AK (MPA -,/m)

4 10 40 100 4 10 40 100

III tooI I J I I'yRJ R 0o T:.. RNIONENIRONMENT: . . 10 oNNT: R. T..
3.5X NACL ALT IMMERSION SEA

12 1062 H20-IMMERSED
10. . 10

10"1 10"1

-1o - _ 4

c0 10-3- 10 - -

S -5 -5 E

lo10 zizi

-6 -6 __ 10.2  _ 10"24

10,5  io-5

':10-7 -7 ___ _. , 1

1 4 10 40 100 14 10 40 100

E:~M~j R_ -' JnL R

IO SE LR?UJION'k o

S _ 1004  I'I'I R.__ 10 04 "

"2 H20-ST HALF DRY CYC -2 H20-2N0 HALF DRY CYC
" 1 10-

"'''' - 10.1 1 10.5

1 o3  10.

1 102 'a

10- 
U

101' E

10 10 4

*o74

io5

107 -711 - 10

-3  10-

1 4 10 40 100 1 4 10 40 100
AK (KSI /'-) aK (KSI in

-*: + u - - . -I 
0- -- _ - - "

A'.1 - --1 " -- .- - - 10"" -

, -:., .e - _ * - . .. ~ , - . -- - - I - . .s - -

Figur 6_"- 1 
.  23 3.

-'.'- 0. 7 6 .123 -2-
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TABLE 6.23.3.6

FATIGCUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6o.23.3.6 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 300M
* . CONDITION: TUS=2BO-300KSI

- .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. E= R. T.
: 3. 5% NACL ALT IMMERSION ALT IMMERSION ALT IMMERSION

IN SEA WATER- IN SEA WATER- IN SEA WATER-
IMMERSED 1ST HALF DRY 2ND HALF DRY

CYC CYC

A: 16.02 : 2.64
DELTA K B: 14.75 :1.68

*MIN C: 14.74 :1.42
D: 14.64 : 575

16.00 :2.95 2. 51 .955
20. 00 : 4.20 6.04 7.06 P. 61
25.00 : 7.61 12.6a 11. 7 9.44
30. 00 : 11. 4 16. 0 14. 8 8.94
35.00' 17. 4 19. 9 18. 0 13. 5
40.00 28.7 27.2 23.3 19.83
50.00 105. 50. 6

A: 5763. 367.
DELTAKB: 44.10 36. 1

MAX C: 51.60 593
D: 48.51 38.8a

ROOT MEAN SQUARE 9. 07 36 242. 11 34. 38
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

6.23-24
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CONDITION/HT: TUS-280-300KSI ALLOY

FORM: 3.. 50"TH BILLET YIELD STRENGTH: 24.0- 250.0 KSI STEEL
SPECIMEN TYPE: CCP ULT. STRENGTH: 295. 5- 29B. 0 KSI
ORIENTATION L-T SPECIMEN THK: 0. 250"

S .STRESS RATIO: -0. 00 SPECIMEN WIDTH: 3. 900- 4. 000" 300
"-'..REQUENCY: 1.00 HZ REFERENCES:MA007. MA0103M

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

'FO EVRNNT:' R. " 100 .- ENVIRONMEN . T.
3.ZNACT ALT IMMERSION SEA

_10-2 
162 H20-IMMERSED

.10-1 -10-1

1 3  3

2~- 1 
_

U.2 10
, . , . . 0 1 4_

S.. 10. 3  ..,!- 10.3  E
E

z''i 105  Z10-
5  -- E

i -- -
0 "4  

-
1 0 "4

11 6

10 - 10"  10 5

.7'1 . .7 _ _ _ _ _ _-__ _

10 10F7

10-6 10 - 6

1 4 10 40 100 1 4 10 40 100
Im lomrr@ol., , J O N SEA

-: 02 H201-1ST HALF DRY CYC -02 H2-2ND HALF DRY CYC

107 103
-. _ 10.1_ _ 10-1

-2 -
"10 10

0 4
1. i - 10

- 10 E

zz
1,0,. t- 0-

i 4

0 010

o F 7~ 
o F 

1
--- 010 -

- 10. 10.6
-- -_ 1 .  10- 10

-.8 1 4 10 40 100 1 4 10 40 100

A K (KSI V IM) & K (KSI v rin
Figure 6.23.3.6
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TAILEF 6.23.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.23.3.7 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL 300M
CONDITION: 170OF 1.5HRS AC. 1600F 1.5HRS OQ.60OF

2+2HRS
ENVIRONMENT: R.T. ,L.H.A.

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

A B3 CD

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

A: 5.76 :.191
DELTA K B: 10.47 .788
MIN c: 9.74: .632

6.00 :.206
7.00 :.283
8.00 :.381
9.00 .503
10.00 :.651 .901
13.00 :1.28 1.52 1.84
16.00 : 2.22 2.71 3.23

*20.00 4.03 4.82 6.83
25.00 : 7.18 8.69
30.00 : 11.2 15.3

A: 30.13 11.4
DELTA K B: 34.66 :30.4

MAX C: 23.72 14.6
D:

ROOT MEAN SQUARE 5. 37 10. 19 9. 34
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

* 6.23-26
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- CONDITION/HT: 1700F 1. 5HRS AC. iGOOF 1. 5HRS OQ. BOOF 2'-2HRSALO
~ FORM: 3.00"TH FORGING YIELD STRENGTH:238. 0 I<SIITEL

SPECIMEN TYPE. CT ULT. STRENGTH: 287. 0 KSI
ORIETATON:L-TSPECIMEN THK. 1. 000"

FREQUENCY: 5. 00 HZ SPECIMEN WIDTH: 7. 400" 300M*...:NVIRONMENT: R. T..* L. H. A. REFERENCESR1005

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

STRESS RATIO -0. 08 10 11 STRESS RATIO o. go0
162 102

_10. 10o

1F - 7-

10' 10
4~ 4

1010 10- E0 s

16 4 -o4

lo1 10-5

7-77
10 F 10F

10706

1 4 10 40 100 1 4 10 40 100

STRESS RATIO= 4-0. 50 lo @ STRESS RATIO 100

10- - 1
10.1 10'

C.) -4

10-3 10 E
10

?~~" Eo p 0Z 5  _ ___ ____ _ -10 ~z
lo-4

lo-
m

107
1 1o,

10 10 1-

10- o078 1 1, 1 1 11 1
S4 4104 01 001 4 10 40 100

AK (KSI /in)hA (S vT
Figure 6.23.3.7

6.23-27
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TABLE 6.23.3.8

FATIGUE CRACK~ GROWTH RATES AT DEFINED LEVEL-5
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.23.3.8 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL ;300M
.~%COND IT ION: 1700r' 1. SHRS AC.- 1600F 1.5HRS OQ, 60%'-F

2+2HRS

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

A 13 C D

E=- 65F E R.T.
L.H.A. L.H.A.
6HZ 1HZ

A. 11.63 .577
DELTA K B: 10. 67:744

MIN C
D:

13.00 :.603 1. 20

16. 00 : 1.56 2.05

20.00:o 3.04 3867
25.00 : 5.93 6.62
30.00 : 10.7 109
3500: 18. 7 188

A: 38. 05 28. 0
DELTA K B: 37.57 20.6

MAX C:

ROOT MEAN SQUARE 7. 48 10. 79
PERCENT ERROR

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

RATIO 0. 8-1.25
SUMMARY 1.25-2.0
(NP/NA) >

* d

6.23-28
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1 CONDITION/Hr. 1700F 1. 5HRS AC. 150OF 1. 5HRS 00. 500F 2-2HRSALO
* ~ FORM. 3. 00"TH FORGING YIELD STRENGTH: 238. 0 KSISTE

SPECIMEN TYPE. CT ULT. STRENGTH: 287. 0 KSI
ORIENTATION- L-T SPECIMEN THK: 1. 000"

..-STRESS RATIO: -0. 08 SPECIMEN WIDTH: 7. 400" 30
7REOUENCY- REFERENCES.R 1006

AK (MPA \,/m) AK (MPA V\/)
-..- 4 10 40 100 4 10 40 100

® ENVIRONMENT-: 5 * 100 @ ENVI 08NMVI NT. R. 4
L. H. A. L. H. A.

66 HZ ______ -i2 1HZ _ ____

-10.1 10.1

1 - 1 _ _ __ _ _ ___3_ _ _

10O, 10.2

o 0

c 0 10 E

10~ 1 o" -

10' 10

55
10. 10-s

10 -6 10-6

lo- 1- 16 10-

1 4 10 40 100 114 10 40 100
I I IfI'l I I I I fill - 0 1 1 1 1 1 1 1 1 1 1© ENVIRONMENT: 10 @ ENVIRONMENT. 100

10.10-

o3  3 o
0-2 o

10 10-

- 10 ~ 3
100

A, a10 - 1

100

106 1 06

@10

-08 8 I Ilfill[

AK (KSI &~;h623 K (KSI vin)
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TA13LE 6.23.3.9

FAT .,IGUt-E CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED- WITH FIGURE 6.23.3.9 INDICATING EFFEC:T

OF ENVIRONMENT

MATERIAL: AL-LOY STEEL 30QOM
CONDITION: 1700F 1.5HRS AC, 1600F 1.SHRS Oj, A00F

2+2HRS

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

A B C D

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

DETA A. 10.91 698 19
DELA KB: 8.05 19

* . MIN C
D:

9.00 3. 13
10.00 4.28
13.00 1.34 7. 12
16.00 2.41 12.0
20. 00 4. 01
25.00 6.73
30.00 . 11.4
35.00 . 20.1
40. 00 37. 4

A: 45. 45 78. 3
DELTA K B: 183. 47 22. 5

MAX C:

ROOT MEAN SQUARE 11.83 10.20
PERCENT ERROR

L IFE 0. 0-0. 5
PREDICTION 0. 5-0. 8
RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) '1.0u

6.23-30
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CONDITION/HT. 1700F 1.5HRS AC. 1600F 1.5HRS 0CC. B0OF 2-2HRSALO
*. F OF0R M: 3. 0 0 TH FORGING YIELD STRENGTH: 236. 0 KSISTE

* PECIMEN TYPE. CT ULT. STRENGTH:.8.0KIL iiil
ORIENTATION- T-L SPECIMEN THK: 1. 000'

... STRESS RATIO: -0. 08 SPECIMEN WIDTH: 7. 400" 300M
-. - REQUENCY: REFERENCES:R 1006

AK (MPA V/M &K (MPA -,/M)

*.4 10 40 100 4 10 40 100

ENVIRQNMENT: R. 4.1.111'0 E NVI O'NMEIIN T: IR. T..
LH.A S. T. W.

-2 6HZ 1______62 1HZ______
10

-10. 10.1

10- - 107

102 loY

4 ~4Z
U0 10

z 
E

10 10 o 0E

So74 10-4

100

-7 -710 10O

107 10 1 6

1 8 1~ 1 J..JLL.IOF WL..L.J 8 I I Ih I ... I IAlil
1 4 10 40 100 101 4 10 40 100

1~~~T~~T~~TTF77 fl1V~- j p rI--r-
ENVIRONMENT: 10o ENVIRONMENT: 100

-22

1010
10-1 1o

z -5 1o-5
10 10.

-4 10

~10

-6 -6
10 101

106 10 -

* 8o 1068
106 0

-~ 1 4 10 40 100 1 4 10 40 100
AK (KSI v/'in AK (KSI V i)

Fiiurl 0.~

Downloaded from http://www.everyspec.com



-I

TABLE 6.23.3.10

FATIgUE CRACK GROWTH RATES AT DEFINED LEVELS.
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.2 3.3.lo INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 300M
* CON"IDITION: 170OF 1. 5HRS AC, 1600F 1. 5HRS COQ, 600F

2+2HRS

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

A B3 C D

E=~- 65F E= R. T. E= R. T.
L.H. A. L. H. A. S. T.W.
6HZ 6HZ 1HZ

A: 12.73 .751
K~DELTA KB: 15.42 2.00

MIN C:

13. 00 . 775
16.00 1. 27 2.29
20. 00 2. 72 4. 09
25.00 . 5. 91 7.59
30. 00 13. 6
35. 00 24. 2

A: 2953: 9.36
DELTA K B: 36.05 :27.3

MAX C:
D:

ROOT MEAN SQUARE 10. 41 6. 22 0. 00
PERCENT ERROR

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

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

(NP/NA) 2. 0

3-16

,%' PL*-
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CONDITIONIHT. 1700F 1. 5HRS AC. 150OF 1. 5HRS 0Q, 500F 2-2HRSALO
* . FORM: 3. 00"TH FORGING YIELD STRENGTH:SEE

SPECIMEN TYPE: CT ULT. STRENGTH.
ORIENTATION- S-L SPECIMEN THK: 1. 000"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 3. 100" 300M
FREQUENCY. REFERENCES:R1006

&K (MPA -%/M) &K (MPA -\/M)
4 10 40 100 4 10 40 100

ENVIRONMENT:- 5 * 100 @ ENV ONM INT: R.
L. H. A. L. H. A.

12 6HZ __ _ _ _ _ 2 6HZ_ _ _ _ _ _

10" 101

100 100

10 10

a. 104 102
u u

(.)10 100--

E
zo - 'I _____~10~ 1 0~

10- 10-

-65 -6 ____5___
1001

16 10 1.

1 4 10 40 100 1 4 0 40 100

/;Z III'' I' I''' T~~ril
E-.JV+R NMENT: R_ . 100 @ ENVIRONMENT: 100

1 2 - 1HZ 1-2 _ _ _ _

10- - 10

-02 -2
1_ 10

U4 U

10 10 10

10) 10 U

16m 
4166

Vo- 70 10- 5~

10 -0 10

1 0~ 10~

1 4 10 40 100 1 4 10 40 10
AK (KSI A AK (K SI 'n)

Ut'i 3 '
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TABLE 6.23.3.11

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6. 23. 3. 11INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 300M
CONDITION:

K MAX :DA/DT (10**-3 IN/HOUR)
(KS I IN** 1/2)

*A B C D

3. 5% NACL

A
K MAX B
MIN C

D

200.00

A
K MAX B:
MAX C

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

ROOT MEAN SGUARE 0. 00
PERCENT ERROR
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CONDITION/HT ALO
FORM: SPECIMEN THKSTE
SPECIMEN TYPE. TDCB SPECIMEN WIDTH
ORIENTATION: CRACK LENGTH (A0 )
YIELD STRENGTH. K iSCO 300M

S ULT. STRENGTH. REFERENCES 78313

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

® ENVIRONMENT: 10' ENVIRONMENT
3. 5% NACL

10Q2 -102

10' - 10

~101 100
102 10'

0

o100 100 C

110 10, E 0

10-' 10-'

1100 loo0-

1102 1Q-2

© NVROMET10' NVRNMN 10'1

10-3- 1021

10-2 10'

102- 1024

1 4 10 4 -0 1 4 10 4 0

102 10'

~~0 101013
100010

10? -10,

10-2 10-2

lo 100 0 Q

101- 10,

*~~0 loo 0 40 101 4 0 4 0
K1a0K-2'h mx(KIsn

Ft jur' .10. 2

lo ,1 -

10-3 .1

.. . . . . . . . . . . . . . .. . . . . .

.a~ - -. 1d. - 2 10-2- . -~. ..
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TABLE 6.23.3.12

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.23.3.12INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 300M
CONDITION: 1600F 00, 575F 2+2HR

K MAX :DA/DT (10**-3 IN/HOUR)
(KSI*IN**1/2)

*A B C D

E= ER. T.
DIST. WATER

*A: 12.80 :3.10
K MAX B:

* MIN c:

13.00 : 23. 7
16-00 147.
20. 00 : 290.
25.00 : 368.
30. 00 : 399.
35.00 : 436.
40. 00 : 490.
50. 00 6 82.
60.00 : 1059.
70.00 : 1793.
60. 00 : 3897.

A: 832. 00 : 7300.
K MAX B:
MAX C:

ROOT MEAN SQUARE 34. 18
PERCENT ERROR

6.23- 36
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CONDITION/HT: 16OOF OQ. 575F 2-2HR ALLOY
FORM. 0. 1"TH SHEET SPECIMEN THK: 0. 100"STEEL
SPECIMEN TYPE: DCB SPECIMEN WIDTH:
ORIENTATION.T-L CRACK LENGTH (Ao):
YIELD STRENGTH: 245. 0 KSI Kiscc:
ULT STRENGTH: REFERENCES:85545 300M

K max (MPA v"'m) K max (MPA /-m)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. T. o 104 ENVIRONMENT
DIST. WATER

102 102

103 10 3

10 _ 10'
102 102

o 100- 100 0

10'- 10 E
E

-100 -100

10-2 _- 10-2
-10-' -10-'

10-3_ _ _ _ __ _ __ 10-3

10-2 10-

10"-4  L-,L L , I W IL l ,L - 10- I , lI I, ll
1 4 10 40 100 1 4 10 40 100

@ ENVIRONMENT: 104 @ -ENVIRONMENT: 104

102 _ 102

103 103

10' _ 10'
102 102

o100 100 0

10' 10' E
E

____ ____ _ -10-'

-- _ 100 100 "V

10-? _ 10-?

10-' 10-'

10-3 _ 10-1

10-2 10-2

10-' L I tlUI l llJ - 10' 1 1L 1I, I.,.liLLlI -
1 4 10 40 100 1 4 10 40 100

' K max (KSI /K m a K (KS Iv)
Figure 6.23. 3.12

-" ' i' l'< 'i" ,"i-'--.-., ".." -*,- -.,"',"-" ".-. , ".-..-,'.. -.- ,-.. -.-. ,,,., "" ." "..... . . " ' " ""
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TABLE 6.28.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASCSOCIATED WITH FIGURE6.28.3.1 INDICATING EFFECT

OF STRESS RATIO

*MATERIAL: ALLOY STEEL 4330V (MOD)
* . CONDITION:
- . ENVIRONMENT: R.T. *LAB AIR

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

A B C D

R--+0. 02

A: 9. 7218
DELTA K B:

MIN C:
D.

10.00 2. 11
1300 4.61
16.00 6.32
20.00 7.44
25.00 8. 24
30. 00 9.30
35.00 11. 2
40. 00 14. 3
50.00 28.4

A: 54.34 406B
DELTA K B

MAX C
D

ROOT MEAN SQUARE 14.16
PERCENT ERROR

LIFE 0.0-0. 5
* PREDICTION 0. 5-0. 6

RATIO 0. 8-1. 25
SUMMARY 1.25-2.0
(NP/NA) 20

* 6.2:8-4
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CONDITION/HT: FFT
FORM: 2. 20"TH BILLET YIELD STRENGTH: 194. 5 KSI STEEL
SPECIMEN TYPE: WOL ULT. STRENGTH: 231. 0 KSI
ORIENTATION: L-T SPECIMEN THK:. 1. 250"
FREQUENCY: 1. 00- 30. 00 HZ SPECIMEN WIDTH: 5. 000" 43s0V
ENVIRONMENT: R. T...LAB AIR REFERENCES:MA01 1 (MOD)

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

0o
STRESS RATIO - 0. 02 STRESS RATIO

102 -21
100

10.20-

L)-

3 -3
_ _ _ _ _ _ 

10_ _ E 0

0 o- 1o 5  
-

10 10 10

1 0

-7 .7

10 -10

1 4 10 40 lo4 10 40 10

STRESS RATIO lo STRESS RATIO 10

-62 16________ 2

10 - 010

101173

10-2 -2
C) 10;

____o____o -3 E

Z- E

lo 10

10-4

* 10' 10.6

*.0 10, 6.1-1

1 4 10 40 100 1 4 10 40 100
&K (KSI V~n &iue628 . K (KSI Vr~h

*ijr 6.2 H.- .
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TABLE 6.29.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.29.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 4340
CONDITION: MARTEMPERED

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

A B C D

E= R.T. E= R.T.
:LAB AIR DIST. WATER

A: 7. 13 : .209
DELTA K B: 8.73 " .280

MIN C:
D:

Z 8.00 .277
9.00 : .373 .321
10.00 " .492 .495
13.00 1.00 1. 14
16.00 " 1.75 1.91
20.00 : 3.12 3,21
25.00 : 5.33 5.49
30.00 : 8.04 8.51
35.00 • 11.2 12.2
40.00 : 14.7 16.3
50.00 2 23.0 25.7

% 60.00 • 33.3 37.4
70.00 : 46.2 53.0
80.00 : 62.7 74.5
90.00 : 83.9 105.
100.00 : 111. 148.
130.00 : 258. 428.
160.00 6 603. 1287.

A: 168.45 • 1360.
SDELTA K B: 189. 12 : 3830.

MAX C:

ROOT MEAN SQUARE 21. 77 20. 96
PERCENT ERROR

LIFE 0. 0-0. ,
PREDICTION 0. 5-0. 8 - •

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

6.29-8
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CONDITION/HT: MARTEMPERED ALLOY
FORM: 0. 50'TH PLATE YIELD STRENGTH: 191. 0- 201. 5 KSI STEEL
SPECIMEN TYPE: CCP ULT. STRENGTH: 19. 0- 209. 0 KSI
ORIENTATION LTSPECIMEN THK: 0. 246- 0. 251"
STRESS RATIO: -0. 02 SPECIMEN WIDTH: 44
FREQUENCY: FtEFERENCES:MA0 12 44

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

AB DI .. 0 IST. WATE R

10. 10.1

1 oF -io

10.2 1F 02 E

> .4 -4 _ _ _ _ _ _1lO 10
c -3 -

1 0 i10 -5

% 16 Z

.OFF 1- 5i7

1016-1

1078 10I-8L--L ILLL
1 4 10 40 100 1 4 10 40 100

© ENVIRONMENT: 100o ENVIRONMENT: 100

1-2 
16________ _________ 2 Z________

10- - 10-

10.1 1103

1 0- -21

0 16 C4C.

10' io3 E
- 10 10

z .5 E

105

10- 1 7 10

16 01610-

-8-

1 F1,o

AK (KSI VIM)h AK (KSI vll1Th
Figure 6.29.3.1
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TABLE 6.29.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.29.3.2 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL 4340
CONDITION: UTS = 160 KSI

ENVIRONMENT: R.T. ,LAB AIR

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

A B C D

R=+.50

A: 3.99 :.0454
DELTA K B:
MIN C:

D:

4. 00 :. 0460
5.00 :.0930

A: 5.3: .123
DELTA K B:

MAX C:

-- - - - - - - - - -- - - - - - - - - -- - - - - - - --.- - - - - - - - -

ROOT MEAN SQUARE 3. 21
PERCENT ERROR

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

RATIO 0.83-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

L ~ 6.29-10
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CONDITION/HT: UTS -150 KSI
FORM: 4.25"TH ROUND BAR YIELD STRENGTH: 158.5 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 18e. 1 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 250"
FREQUENCY: 7.00 HZ SPECIMEN WIDTH: 2. 000" 4340
ENVIRONMENT: R.T., LAB AIR REFERENCES:DA 1

&K (MPA Ai) AK (MPA /-)

4 10 40 100 4 10 40 1001" ' STRESS 1A 1 1 10 fil t'n I 1 11111 1 111 ,1

STRESS RATIO= -0. 50 STRESS RATIO =

162 - 162

1101 10.1

1073 1 0102 0"

1 10-2 10-2

ulO - 10. l E
.0 10

l-.. 10 1

o74 4 10 0 4

16- 166

16 7 5  1

,...-

or 10- 6 10

10..." 10 LE
1 4 10 40 100 14 10 40 100©-I STEI RA 1,1 111- 10 ©111 1 1 1r111TF1T1T

... "..- -@ STRESS RATIO 1-100

2-- _162_z.

010 .  10
107 10 10

2 2

a). __ O

>. 1-4 -4

010 - 10- .- -3

C-- .Ii - 10.6  " 10-

z E5
1075 107-

101 -410

10.5 10 i0-1

107o 7

1 o10-1

i .'- 10'a ..... L.L.LL .. LL LI 1078.....L....LLJ
1 4 10 40 100 1 4 10 40 100

&K (KSI vr)Figure 6.29.3.2 AK (KSI vriin)
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374 . 7.71-1 7

TA13LE 6.29.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.29.3.3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL. 4340
CONDITION: UTS = 160 KSI

ENVIRONMENT: R.T. ,LAB AIR

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

*A B C I)

* R=-O-. 10 R=+0. 50

A: 12.63 : 780
DELTA K B: 6.23 :.229
MIN C:

"NJ D:

7.00: .244
8.00 :.344
9.00: .466
10.00 :.611
13.00 :.847 1.20
16.00 : 1.44 2.05

*20.00 : 2.47 3.60
25.00 : 4.72 6.27
30.00 :9.78
35.00 :14. 1
40.00 :19.3

A: 26.50 : 5.79
DELTA K B: 47. 14 :27. 9

MAX C:
D:

ROOT MEAN SQUARE 5. 24 6. 09
* 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

6.29-12
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* .. CONDITION/HT: UTS - 160 KSI ALLOY
FORM: 4.25"TH ROUND BAR YIELD STRENGTH: 158. 5 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 168. 1 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 500"
FREQUENCY: 7. 0 HZ SPECIMEN WIDTH: 2. 000" 4340
ENVIRONMENT: R.T.. LAB AIR REFERENCES:D 01

A K (MPA %-m) A K (MPA N/-)

4 10 40 100 4 10 40 100

STRESS RATIO -o-0. 10 100STRESS RATIO 0. 50

10- lo1
010"  101

-- '; 0 
3 _ __ _ _ _ _ _ _ _ _ _ _ 10

. 3 _o-

10.2 1 102

>.::: -4 - ___1_____ _______ _E.10 - 10 -10 1O4 E

-- _ _ _ _ _ _ _ _ - 105 -
-10 10

4 101
1010

1 
1F 76

10
6  -- 

6

1 4 10 40 100 1 4 10 40 100

STRESS RATIO 100 @ STRESS RATIO 100

1-2 _ _ _ _ _ _ _ _ _ _ _ _ -10-2

100' 2
10.

. -. 1 
- _- 10 -1:o. _ __ _ _ _ _ _ _ -_ _ -

1 0"- 
1 0

S _04

- 3  E

"1. -- 10 5  - Z

.. ' ....
E

*n n ____-_____________;- _ ______________________ --- 
-

tJ-- -' -

166 10- ,
--6 6

10 1010

. : 1 -7 -,--1 7 ---

10. - - 10 -

1 . 1 1 10.6 _10 6

-.. . .. : 0 8 I , I , I , ILL L L I .. .. J .. I , i l J -i 0 "  4 1 0 4 0, 'I I , I

, 1 4 10 40 100 1 4 10 40 10"." . &K (KSI V'in) A K (KSI V/iTn)

iK(S ihFigure 6.29.3.3 I
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TABLE 6.29.3.4

*FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.29.3.4 INDICATINg EFFECT

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

MATERIAL: ALLOY STEEL 4340
- CONDITION: UTS = 180 KSI

* ;. ENVIRONMENT: R.T. ,LAB AIR

** ~ ---------- ------------------------------------------------------------------------------
DELTA K " DA/DN (.O**-b IN. /CYCLE)

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

R=+o.10

A: 5.69 .0439
. OELTA K B:

MIN C:

6.00 : .0586
' 7.00 .125

8. 00 .223

9.00 • .351

10.00 0: .07
13.00 1. 10
16.00 : 1.83
20.00 : 2.96
25.00 4.64
30.00 : 6.72
35.00 : 9.36
40.00 : 12. 8
50.00 : 23.2
60.00 " 41.4

A: 64.66 : 54.0
DELTA K B:

MAX C:

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

ROOT MEAN SQUARE 37. 57

PERCENT ERROR
-------------------------------------------------------------

LIFE 0.0-0.5 1
PREDICTION 0. 5-0.8

p4 RATIO 0.8-1.25 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

-6 . ..-.

.

~6.29-14
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CONDITION/HT: UTS -180 KSI ALLOY
FORM: 4. 25"TH ROUND BAR YIELD STRENGTH: 192. 9 KSISTE
SPECIMEN TYPE: CT ULT. STRENGTH: 204. 1 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 251- 0. 501"
FREQUENCY: 20. 00- 30. 00 HZ SPECIMEN WIDTH: 1. 975- 1. 978" 44
ENVIRONMENT: R. T. *LAB AIR REFERENCES:DA001

AK (MPA vmi) AK (MPA Vm)
4 10 40 100 4 10 40 100

STRESS RATIO = -0&L1 10 STRESS RATIO

1 00 - 1 1 0-

110.1

Lo10.2 10-2

co 10, 10, E O

E

100, ez-o~. -6 _4T______

10 10
106 16

10

-7
10 1 CF6

10 100

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

STRESS RATIO -=o STRESS RATIO lo

1-2 Z 10-2

101 0-

10 10. 10.1

'a 3  1 0 2 ~ ~ 3 1 0 -2

4 -4

C F1

z E
-5 ______ __ _ _ _ _ _ _-

*o11074

166 - 1 1661

-7 -710 F 10

1 0-6 710-6

A K (KS I vr~n) Fiu&62.. K (KSI ~T
Fiue6.29.3.4

.........................................
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TABLE 6.29.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.29.3.5 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL 4340

CONDITION: UTS = 1R0 KSI
* .ENVIRONMENT: R.T. LAB AIR

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

A B c D

4 : R=+0. 50

A: 6.47 .198
DELTA K B:

MIN C:

7.00 :.247
8.00 :.356
9.00 :.486
10.00 :.637 .
13.00 :1.20
16.00 :1.92

A: 17.26 2.26
DELTA K B:

MAX C:

ROOT MEAN SQUARE 5. 19
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.18

RATIO 0. 8-1. 25 1
SUMMARY 1. 25-2. 0

(NP/NA) -,2.0

Ivr.-,

6.29-16
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CONDITION/HT: UTS -160 KSIALO
FORM: 4. 25"TH ROUND BAR ",'ILL) STRENGTH: 192. 9 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 204. 1 KSI
ORIENTATION. L-T SPECIMEN THK: 0. 500"
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 1. 970" 4340
ENVIRONMENT. R. T. *LAB AIR REFERENCES.DA00 1

4 10 40 100 4 10 40 100

STRESS RATIO -4-0. 50 10STRESS RATIO=

10- 10-

10.0

co- 3 l-' E

10 10 Eo

io7 10-

10 -4 4-,

10 10
-8C

1 4 1 40 1410 40 100

105 l0-
__ __ __ __ _ _ _ _ _ _ _ _L _ _ _ _ _ _ _

1 440 4 0 0 4 0

10 10

1S lo'10-2 3o E2

107

7 7

lo 10- 6o

.8V

10 - 106

1 4 10 40 100 1 4 10 40 100
A~K (KSI %/Ti) A~K (KSI )

* Fiqure 6.2'9.3.5

6. 2917
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TABLE 6.29. 3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

N-N.*DATA ASSOCIATED WITH FIGURE 6.29.3.6 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL 4340
CONDITION: UTS = 160 KSI
ENVIRONMENT: + 650F, AIR

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

A B C D

.. . . R=+0. 10 R=+0. 50

A: 10.52: .249
DELTA K B: 7.52: 511

MIN C:

8.00 :.675
9.00 :.613
10.00 :1.04
13.00 :.997

* .16.00 : 1.95

A: 18.00 2.92
DELTA K B: 10.96 :2.00

MAX C:

ROOT MEAN SQUARE 15.53 11.46
* PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.86 2

- .RATIO 0.6-1.25 2
*SUMMARY 1.25-2.0

(NP/NA) > 2. 0

6.29-18
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CONDITION/HT: UTS 180 KSILLO
FORM: 4.25"TH ROUND BAR YIELD STRENGTH: 192.9 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 204. 1 KSI
ORIENTATION: L-T SF ."MEN THK: 0. 250"
FREQUENCY: 20. 00 HZ SPECIMEN WIDTH: 2. 000" 4340
ENVIRONMENT: - 6500 F. AIR REFERENCESfA001

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

STRESS RATIO --0. 10 STRESS RATIO 0 50-l 2 _______o___________ 2 ________ ________

010 "1  10

103 1"310. 10

10"" 2. 5
_L). 1. 

6  
6.

r. ~ ?110 0 10' E

1010*~- 01 - 4

10. 10

10

-7 -6
qY 0 - 10-

101 10-6

108 LLLJL 1081-111
1 4 10 40 100 1_4 10 40 100/;Z = I , 1 1' 1 1 1 1 1 11 1 -t I I' 1'1'1 l I I 1 1;11 -

"'% STRESS RATIO =10 o STRESS RATIO= 10o

1-2 10-2
010 1  10-1

1003 10.1

_ _4 16 _4

io- -- 10.  _ 0 . 2 -

- -, 04- 3 103 - E>•> ., - _ _10. 3  __-_ _ 10 .)

Z lo -1-5 -- Z_______

10-5 - 106 -

10- - 10
1 OF 1 F

10-6 z 10 -6

". 10"8 I1 ,I I , II I 10 8  1 111,i l , I , l

1 4 10 40 100 1 4 10 40 100
&K (KSI N./Tn) Figure 6.29.3.6 &K (KSI vrTn)

6.29-19

..--,.'U- , , ...-.. ,,, .-... ,'.,.. ./ : , .. , .,3i , . ".',, ,-,' "" " "" "¢, , . ,,r ,, ,' < " ' "" ' ".v" ."..-.". ." . ... ",".".' ,: ...

Downloaded from http://www.everyspec.com



TABLE 6.29.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

-. DATA ASSOCIATED WITH FIGURE 6.29.3.7 INDICATING EFFECT

L ~ OF STRESS RATIO
-------------- ------------------------------------------------------------------------

MATERIAL: ALLOY STEEL 4340
CONDITION: UTS = 180 KSI
ENVIRONMENT: + 650F1 AIR

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

A B C D

R=+0. 10

A: 17.58 1.91
DELTA K B:

- ~ MIN C:
D:

e 20.00 :2.76
25.00 5. 16
30.00 : 8.47
35.00 : 13.0
40.00 : 19.3
50.00 : 39.7
60.00 : 76.0
70.00 : 149.

A: 73.62 : 190.
* DELTA KB:

MAX C:

ROOT MEAN SQUARE 11.96
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

6. 29-20
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CONDITION/HT: UTS 180 KSI A
FORM: 4..25"TH ROUND BAR YIELD STRENGTH: 192. 9 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 204. 1 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 500"
FREQUENCY: 7. 00 HZ SPECIMEN WIDTH: 2. 000"

- ENVIRONMENT: + 650' F. AIR REFERENCES:DA144

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

STRESS RATIO= -0. 1 100 STRESS RATIO:

162 162

-10 "1 10-1

)10
.3  10.3 _

_ 10.2 10.2

,-.~ > 10.641
"

S. 10
.
3 10

.
-,10 10 -zo E

. " 10
.  10

.

-10. 6 -- z
- 7~1 - -7 ' a__ 

_ _ _ _ _ _ _

-- 10107, m

1 067
10-6 106

1 4 10 40 100 10 4 10 40 100
('"'"'"'1I- B T+'"''"

STRESS RATIO 10 STRESS RATIO= 100

10.1 10-1

10-3  -110
3  -1

-2 -2

-.* .,.0  - 0- 1 0

-,-10-1" ' =10
"  -Z

10-4

' 1-6 _ 
1-6 _-

0 - 101 0 10 3

v 107
- 10-7

140 14 1

"","K (KS I ,A' Z K (K S I 7)
Figure 6.29.3.7
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TABLE 6.29.3.8

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.29.3.8 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 4340
S CONDITION: UTS = 180 KSI

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

A B C D

. E= R. T. E-e 650F
:LAB AIR AIR

A: 4.08 :.05283
DELTA K B: 5.72 :.282

MIN C:

D:

5.00 :.0924
6. 00 :. 178 . 317
7. 00 :. 454
8.00 .606
9.00 .7
10.00: .960
13.00 :1.68
16.00 :2.78
20.00 5.28

A: 6.20 :.224
DELTA K B: 22. 85 :8. 29

iA MAX C:

ROOT MEAN SQUARE 11.27 4.65

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

6.29-22
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CONDITION/HT: UTS 180 KSIALO
FORM: 4. 25"TH ROUND BAR YIELD STRENGTH: 192. 9 KSI STEEL

SSPECIMEN TYPE: CT ULT. STRENGTH: 204. 1 KSISTE

ORIENTATION L-T SPECIMEN THK: 0. 250- 0. 375"
STRESS RATIO: -.0. 50 SPECIMEN WIDTH: 1. 500- 2. 000' 34
FREQUENCY: 7. 00 HZ REFER ENC ES:DAO 1 44

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

jR YEN T : R- lo 0 @ ENVIIR1NMENT: 1,. 60~'110 AIR

1 0- 0 1 0

10.110.

z)1- 
102

-3
10 10'3 E

z E

:~10 -4 -0

-v j 1166 1
.

O 
5  16

- o ic-6

107 11,1 006 1

1 4 10 40 100 4__10__ _ 40__ 100_

'~ NVRNMN:100 -ENVIRONMENT: 100

2 Z________ 162_______ - _________ ________

10 -1

102 -210 10)

4

Z3 
E

10 103 E

100
' 6 10 10 1o

10F6 
10 65

1 4 1 40 100 1 4 10 40 100
AK (KSI VIM-) A KI.

Figure 6.29.3.8 AK(S rn
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TABL 6.29.3.9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.29.3.9 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: ALLOY STEEL 4340
CONDITION: UTS=180-200K1I
ENVIRONMENT: R.T. , H. H. A.

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

A B C D

R=+O. 00 R=+0. 50* %

A: 18. 90 2. 60
" DELTA K B: 22.90 4.62

MIN C:
D:

20.00 : 2.68

25.00 3.87 5.83
30.00: 6. 12 9. 11

35.00 8.98 13. 4
40.00 11.6 19.7
50.00 • 45.1

60.00 " 115.

A: 44.30 : 12.0
DELTA K B: 66. 10 : 214.

-%.,,, MAX C:

D:

ROOT MEAN SQUARE 9.44 11.17
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

-, ,, .

* .,5,

.5, . .

.6.29-24

100........... . ................. . . .

Downloaded from http://www.everyspec.com



CON DITION/HT: UTS-180-20OKSI LO
FORM: 1.0"TH PLATE YIELD STRENGTH STEEL
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: SPECIMEN THK: 0. 153"

* ,FREQUENCY: 10. 00 HZ SPECIMEN WIDTH: 5. 000" 44
ENVIRONMENT: R. T..* H. H. A. k EFER ENCES :BW002 44

&K (MPA -%/M) &K (MPA 'V./mT
4 10 40 100 4 10 40 100

STRESS RATIO -1-0. 00 lo @ STRESS RATIO -0 5

10 -10

10. 10-2
--- 2

1 16

ci 3 -3 E_____~ ~

~~10 -w-0
E

10' 10

.7 -)

10' 101

1 0~1-6
10lo W10LI LLL~

18  4j
1  1 0 40..±.±LJ~...... 100i 4 10 40 100

STRESS RATIO 10o STRESS RATIO= 100

10- - 10

io73  Z 1o- 3

10-2 10-2_

44 z

10 3 10E
10E

10 1 10

11 166 166

-7-

1.p 1076 1 0

* . 1 4L L L b .L L L 10 400001 4 10 4O~ 0 100- .

&K-- - - - - - - - - - - -&K .K. * -
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TABLE 6.29.3.10

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.29.3.11ONDICATING EFFECT

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

MATERIAL: ALLOY STEEL 4340
CONDITION: TUS=180-200KSI
ENVIRONMENr: R.T. ,H. H. A.

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

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

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

A: 17.32 : 1.97
DELTA K B: 9.47 : .47

MIN C:

D:

10.00 .714
13.00 • 1.29
16.00 : 2.21
20.00 " 2.94 3.78

._ 25.00 • 5.01
30.00 : 7.27
35.00 9.66
40.00 • 12.2
50.00 17.8
60.00 " 24.4
70.00: 32.5
80.00 " 42.7
90.00 • 55.5

A: 93. 91" 61. 5
DELTA K B: 24. 31 : 5. 43

MAX C:

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

ROOT MEAN SQUARE 11. 52 8. 24
PERCENT ERROR

-------------------------------------------------------------------------------------
LIFE 0.0-0. 5

PREDICTION 0. 5-0. 8
RATIO O. 6-I. 25
SUMMARY 1.25-2.0

h@71 (NP/NA) >2. 0

6.29-26
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CONDITION/HT: TUS-130-20OKSI ALLOY

FORM: SPECMEN YPE BAR YIELD STRENGTH: TRNGT 5 KSI STEEL

*ORIENTATION: L-T SPECIMEN THK. 0. 400"
-FREQUENCY: 3.00 HZ SPECIMEN WIDTH: 4. 000" 44
ENVIRONMENT: R. T..* H. H. A. REFERENCES:BW001 44

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

'1 STRESS RATIO = -0. 05 10STRESS RATIO = 0. 50

10- 10-

101 101

1o3 3 16

10' 103 E

-0 16 1o5

10 10-410-

10. 16

. ; -7 -7

107 10-

107 106 1

1 4 10 40 100 1 4 10 40 100

STRESS RATIO= 10o STRESS RATIO= 100

10.1 1

10-2 10-

11-
0 1003'3

-0 10

'4 5

10 105

I10-6 16
le4p -- -8

629-27
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TABLE 6.29.3.11

97ATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.29.3.11INDICATING EFFECTr

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 4340
CONDITION: 450F TEMPER

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

A B C D

E~zR. T. E= R.T.
.DIST. WATER AROON

A: 10. 39 : 174.
DELTA K B: 14.2-7 :1.03
MIN C.

k.13.00 : 216.
S16.00 : 247. 1.74

20.00 : 274. 3.21
25. 0 0 298. 4.4B

* **.30.00 : 320. 5.93

35.0 :t 344. 8.66
40.00 : 372. 14.6
50. 00 : 443.
60. 00 : 542.

A: 60.239 : 553.
~ ~ DELTA K B: 47. 16 :30. 9

MAX C:
:% D:

V, ROOT MEAN SQUARE 2.83 10. 57
PERCENT ERROR

LIFE 0.0-0. 3
PREDICT ION 0.5-0.6

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

6.29-28
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CONDITION/HT: 450F TEMPERALO
FORM: YIELD STRENGTH: STEEL

* SPECIMEN TYPE: ULT. STRENGTH:
* ORIENTATION- SPECIMEN THK.

STRESS RATIO: SPECIMEN WIDTH:
FREQUENCY 0.40 HZ REFERENCES:8931 1 44

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

*I Ij I' ' ' ' ril I I
'' E N R. . ~ 100 @~ ENVIR4ON MENT: IR.T

ARGON

102 i01 101

102 -2

>1 4 ________ ________ -

110 10-
z 5

P10 10-5

10- 10

106 106

10 0 4 0 1 40 4

26 -2

10 01.010 1 01.40 10

162 12

1-2 -o2

010 "-' - 0

>1 4- 4,.

10 3 E
* ~ 110

5 5

10' 10

-7 -710i 10- 5__ __ _

1 16- 0

11 4 10 40 100 1 4 10 40 100j
AK (K SI 7 ijue6.9 31 AK (KSI %V'7n

Fi*r 6.29.3 1
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TABLE 6.29.3.12

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE6.29.3.i2NDICATING EFFECT

OF STRESS RATIO

MATERIAL: AL.LOY STEEL 4340
CONDITION: 750F TEMPER
ENVIRONMENT: R.T. ,ARGON

DELTA K DA/DN (I0**-6 IN. /CYCLE)

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

A: 15. 20 1. 14
DELTA K B:

MIN C:
D:

16.00 1. 40

20.00 2.92
25. 00 5. 08
30.00 7. 35
35.00 9.82
40.00 12.7

,. 50.00 20.8

60.00 34.4

A: 63.54 41.5
DELTA K B:

MAX C:
• "i"-<D:

ROOT MEAN SQUARE 10. 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

0 .-.

- . 6.29- 30
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CONDITION.,HT 750F TEMPER ALLOY
FORM: YIELD STRENGTH. STEEL

ORIENTATION. SPECIMEN THK.
0.4HZSPECIMEN TYEULITRNTH:FREQUENCY: ~.4 ZSEIE IT:4340

ENVIRONMENT: R. T. *ARGON REFERENCES:8931 I

AK (MPA &/) K (MPA -\ITMh

4 10 40_ __ _ 100 4 1 40 10

STRESS RATIO = 0STRESS RATIO10 4 104 10 0 10
-2 _ _ _ _ _ __ _ _ _ _ -102

10

30~ 103

* olu- 100

10 10
4 4 >1

10- 5 lo105

1~lo 4 0 0 10 1 0 0

10l 10 10

io-8 107

1 0 0 10 10 40 10

611N = _ _ I 10 _ _1_1 0

C10 10 E

-3 10E

,o - 10- 10-2

101 i-3 10-
z 5 5

0 o 10 z__ _ _ _ _ _ _ _ _ _ _

m1 0-41

Fiur 6.931

Fi .r 29. 31 2

.2 -: * - K -*1 . -. ' L.-
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TABLE 6.29.3.13

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

- 4 ATA SSOCIATED WITH FIGURE 6.29.3.13INDICATING EFFEC'-T

OF FREQUENCY

*MATERIAL: ALLOY STEEL 4340
CONDITION: 750F TEMPER
ENVIRONMENT: + 32FDIST. WATER

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

A B C D

F(HZ)= 0.04 F(HZ)= 0.40

A: 15.03 37.3
DELTA K B: 15. 64 .17. 7

MIN C:
D:

16.00 61.0 19. 5
20.00 . 217. 36.8
25. 00 426. 54. 4
30.00 546. 61.7
35.00 596. 66.1
40.00 : 623. 71. 1
50. 00 : 708. 90. 8

A: 52. 36 745.
DELTA K B: 5 2. 38 98.6

MAX C:
D:

ROOT MEAN SQUARE 18. 76 6. 06
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 6
RATIO 0.B- 1. 25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

Olt

6.29-32

.. .................

Downloaded from http://www.everyspec.com



CONDITION/HT: 750F TEMPER ALLOY
FORM: YIELD STRENGTH: STEEL
SPECIMEN TYPE: ULT. STRENGTH:
ORIENTATION: SPECIMEN THK:
STRESS RATIO: SPECIMEN WIDTH434

-" ENVIRONMENT: 320 F. DIST. WATER REFERENCES:89311

&K (MPA N/-m) AK (MPA Vm)
4 10 40 100 4 10 40 100

FREQUENCY (Hz) 0. 04 10 FREQUENCY (Hz) = 0. 40
-o2 6-2 _ _

0 10"1 10

3 10.1 10.1

- . 1 10.
-

5 o
10102 102

> -4 -4 ________

_-- __ _

10. 10 7

zE

i -- -- -- _

4~ 
4-.

_ 10
.  10 . 6

111 10 400

67 -7OF

1010 10 -

101 10--
1 4 10 40 100 1 4 10 40 100

FREQUENCY (Hz) 10 FREQUENCY (Hz) 10

- -- __ _ __ _ __ -2E •__ _ __ _ _10 
- 10 -•

10.1 10 .

153- i3 E
1-- 10.5 2 10.2

10 -- 10 - E
z1 -5 - 1010 .

-

-4 -6

10 - 10

-7 -O7

%. 10 06 1-6

- 10.8 L.L Jdi168 1J j J 1 1litJ I 111
1 4 10 40 100 1 4 10 40 100

&K (KSI x1/n) &6K (KS! \W)Figure 6.29.3.13

6.29-33S.
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TABLE' 6.29.3.14

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DlATA ASSOCIATED WITH FIGURE 6.29.3.14 INDICATING EFFECT

OF FREQUENCY
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MATERIAL: ALLOY STEEL 4340
CONDITION: 750F TEMPER
ENVIRONMENT: R. T. ,DIST. WATER

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

A B c D

F(HZ)= 0.04 F(HZ)= 0.20 F(HIZ)= 0.40

A: 12. 35 : 374.
DELTA K B: 12.41 :89.0
MIN C: 12.64 5 55.2P

D:

13.00 : 383. 90.6 55.5
16.00 : 416. 97.8 58.68
20.00 : 452. 106. 650

25.00 : 489. 116. 74.8
-. 30. 00 : 522. 126. 66. 1

35.00 : 555. 136. 98.7
40.00 : 567. 147. 113.
50.00 172. 144.
60.00 201.

A: 47.13 633.
DELTA K B: 64.55: 216.

MAX C: 52.32 11

ROOT MEAN SQUARE 1. 76 2.33 1.41
PERCENT ERROR

LIFE 0. 0-0. 3
PREDICTION 0. 5-0. 2

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

(NP/NA) 2. 0

6.29-34
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CONDITIONHT. 750F TEMPER ALLOY
FORM: YIELD STRENGTH STEEL

SPECIMEN TYPE, ULT STRENGTH:
ORIENTATION. SPECIMEN THK.
STRESS RATIO. SPECIMEN WIDTH. 44
ENVIRONMENT R.T..DIST. WATER REFERENCES. 89311

AK (M PA v~I &K (MPAyi
4 10 40 100 4 10 40 100

FREUENY (z) .04 10FREQUENCY (Hz) 0- 20

10. 10-1

10_ __ _ __ __ _ __ 1

1010

1I 1010'

10 30*~ 10

10 
5__ _ __ _ _ -1

10 10

10* 104

-- Z

10 - 110

10~ -o

10 I 10~ I I I8111
1 4 10 40 100 14 10 40 10

/X = 'I11 ,1 1 1 1 , 11 - I I I ' 11 1 1 1 '1T T

FREQUENCY (Hz) =0.40 10FREQUENCY (Hz) =10-

__ __ __ __- 10- 10

10*3  - lo0-3

12

* ~j~ 1 --- 10 10

~ 10

10- 10' 5

-7=

V10.6 4 10-

1010 1 4o0 4 0

AK (KSI V'n) AK (KSI ~T
E1'iurp 6. 29.3.14

6.2 )-33
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TABLE 6.29.3.15

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* DATA ASSOCIATED WITH FIGURE 6.29.3.15INDICATING EFFECT

OF FREQUENCY

MATERIAL. ALLOY STEEL 4340
CONDITION: 750F TEMPER
ENIVIRONMENT + 212FDIST. WATER

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

A B CD

F(HZ)= 0.04 F 04Z)~ 0.40

A: 10. 86 1604.
DELTA K B 1049 323.

MIN C:
D:

13.00 2025. 337.
16.00 2608. 499.
20.00 4019. 935.
25.00 1812.

A 20.01 4025.
DELTA K B: 27.12 2241.

MAX C
- D:

ROOT MEAN SQUARE 4.95 13.38
PERCENT ERROR

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

LIFE 0. 0-0, 5
PREDICT[ON 0.5-0 8

RATIO 0 8-1 25
SUMMARY 1.25-2 0
(NP/NA) .2 0

*S **

().21- 30~
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. CONDITION/HT: 750F TEMPER ALLOY
FORM: YIELD STRENGTH: STEEL
SPECIMEN TYPE: ULT STRENGTH:
ORIENTATION: SPECIMEN THK:
STRESS RATIO: SPECIMEN WIDTH: 4340
ENVIRONMENT: + 2120 F. DIST. WATER REFERENCES:8g311

AK (MPA v) AK (MPA VW'/)
4 10 40 100 4 10 40 100

FREQUENCY (Hz) 0.04 100 FREQUENCY (Hz) 0 40

16 0 163

"."'. .';2"?" 1010.1
.

-
1 -2

102 10;
4 u

3 13- EE k E
...10, 10 1E-

, 1 - 10. 10

•" '106;' _ _ _ __ _ _ 
6

-55

10-.010
-5

10 
=0"1

10 -166

1 4 4 0 1 4 10 40 100

"' "-FREQUENCY (Hz) = 10° FREQUENCY (Hz) 10

-O2,  _ __ _lO
.

___ -i2 __

010 "

10 . 3 '10

-' -- 10 40 10014 10401__ 102
10 - lo-

, ,.. 10 - 10 .3

- E-".
1041

166 . 10-2 
26

1 01
10-6- .0 

1 
,l l I 10II60

.  Illl l , I ~ ,

1 4 1 40 100 1 4 10 40 100

A,.' K (KSI /T) A K (KSI \/ )

", .'. ,Figure 6.29.3.15

S
6.29-37
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TABLE 6.29.3.16

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.29. 3.16INDICATING EFFECT

OF ENVIRONMENT

MATER IAL: ALLOY STEEL 4340
CONDITION:

K MAX :DA/DT (l0**-3 IN/HOUR)
(KSI*IN**1/2)

*A B C D

* E=
: HYDROGEN

K MAX B:
MIN C:

200. 00

A:
K MAX B:.
MAX C:

S-------------------------------------------------------------------------------------------------------

NN ROOT MEAN SQUARE 0.00
PERCENT ERROR

6.29-38
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CONDITION/HT: ALLOY
FORM. SPECIMEN THK: STEEL
SPECIMEN TYPE SPECIMEN WIDTH:
ORIENTATION CRACK LENGTH (Ao)

A-. -. YIELD STRENGTH K sCC: 4340
S " ULT STRENGTH REFERENCES:8431 0

" . K max (MPA V'm) K max (MPA Vrm)

4 10 40 100 4 10 40 100

® ENVIRONMENT: 10' ENVIRONMENT:
HYDROGEN

._.. 10
2  

102

- -' 10, 10

10 - - 10'

102 102

o100 -100 
0

C .10- 10' E
-~ E

10_ __ _ _ _ __ _ __ 10-1

V 100 100

10-2 10-2

.- -10-- 10-

__ 1 0-1 10 -3 __
10-2 10-2

"-".,"l ' ,J l- i il 0 4  " IA' ... l.±.LJli ... l.. l. LLLL --

l1' 4 10 40 100 1 4 10 40 100

@'" ENVIRONMENT: 10' ENVIRONMENT: 10'

102 _ 102

- - -10- - 103

10' - 10'

102 102

o- 10 -- 100- 0

.- .' _ -- 10, -- E 0

10-210- 10-10

Jl''o- - -V

10-' 10-

101% - 10-3

10-2 10 -2

S10 1 1 1 - 10l' I I II II I A.10L..1 1 1I_,11I -I

1 4 10 40 100 1 4 10 40 100
,,--K m a x  (KSI n) K m x (KSI / .-,)

Kmax KI Figure 6.29.3.16 max

6.29-39
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TABLE 6.29.3.17

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE6.29.3.17INDICATING EFFECT

-. OF ENVIRONMENT

MATERIAL: ALLOY STEEL 4340

CONDITION:
------------------------------------------------------------------------------------------

K MAX DA/DT (10**-3 IN/HOUR)

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

. ' ,E =  E=

:3. 5% NACL, 3. 5% NACL

BUFFERED

A: 20. 80 441.
K MAX B: 11.00 107.
MIN C:

D:

- .-. 13.00. 342.
16.00 . 690.
20.00 832.
25. 00 7 722. 829.
30. 00 : 764. 952.

35.00 • 1105. 1410.

_ 40. 00 2989. 2717.

A: 41. 50 " 4613.
K MAX B: 42.00 ' 3782.
MAX C:

D:

-----,-.-

ROOT MEAN SQUARE 18. 79 43. 66

PERCENT ERROR

..- .-.

6. 29-40
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-," • .**" *. *. . . . . . . .

Downloaded from http://www.everyspec.com



40; CONDITION/HT: ALLOY
FORM: 12. 0"TH FORGING SPECIMEN THK: 0. 502" STEEL

*. SPEC:MEN TYPE: SENT SPECIMEN WIDTH: 3. 000"
*ORIENTATION:. CRACK LENGTH (A

YIELD STRENGTH: 220. 0 KSI K iscc: 10. 00 AI(SQRT IN)
* .ULT. STRENGTH: REFERENCES:6e114 44

K max (MPA VmTh K max (MPA ,i)
4 10 40 100 4 10 40 100

~®ENVIRONMENT: 10' ENVIRONMENT:
3. 5% NACL. BUFFERED 3. 5% NACL

10? 102

103 103

10' 101

102 -102

0100___ J 0o 100---- -- -100-

C 101 101 E

0 10-1 10-1 _ _ _ _ _

0100 W100 cM

10-2 - 1-

-10-' 0-

10-1 10-0-

10-2 1004

1 4 10 40 100 1 4 10 40 100

© ENVIRONMENT: 10' @ ENVIRONMENT: 10'

102 -102

1 03 1 03

10' 101

102 102

0100 -100 - 0

C -10' 10' E
E

~ 10-' -10-'

- 100 100

10-2 - 0-2

10-' 10-'

10-2 0102

1 4 10 40 100 1 4 10 40 100
Kmax KINi)Ka KI-/n

0iue6.931

6.29-4
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TABLE 6.29.3.18

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.29.3.18INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 4340
CONDITION: TEMPER 400F IHR

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

K MAX :DA/DT (10**-3 IN/HOUR)
(KSI*IN**1/2)

A B C D

. E= E= E= E

.DR ARON-CNT DIST. WATER-CNT SEAWATER- DRHYOEN
CANT CNT

A: 70.00 :.836
K MAX B: 24.00 :224.
MIN C: 18.80 :403.

D: 24.00 :1 579.

20.00 :421.
25.00 :266. 860. 2166.
30.00 :521. 1630. 5801.
35.00 e 17. 2480. 8872.
40.00 :1114. 3517. 10742.
50.00 :1610. 7298. 13608.
60. 00 :1923.
70.00 :.836 2073.
80. 00 1. 17 2106.

* -90.00 : 5.73

2A: 95.30 : 25.2
K MAX B: 88.00 :2079.

.2.MAX C: 60.00 :16700.
D: 53.00 :1491V.

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

ROOT MEAN SQUARE 36.34 11.28 7.72 3.27
PERCENT ERROR

6.29-42
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CONDITION/HT TEMPER 400F 1HR ALLOY
FORM 0. 2"TH PLATE SPECIMEN THK. 0. 250" STEEL
SPECIMEN TYPE: SPECIMEN WIDTH: 2. 000' 1

-ORIENTATION: CRACK LENGTH (A0 ):
.YIELD STRENGTH: 195. 0- 225. 0 KSI K sc:44

~ ULT STRENGTH- REFERENCES84309, 70887 44

K max (MPA vm)T K max (MPA V'm)
4 10 40 100 4 10 40 100

ENVIRONMENT: -10, ENVIRONMENT2DRY ARGON-CNT - DST. WATER-CNT
-10?2 102

10Q3 10,

101 -101

10Q2 102

0 100 -11 100 0

- 10, E10 E

10i-1 10-'
0 0 100 CM

10-2 -10-2

10-~1 - 10-1

pq.10- 1o- -20

10-2 1004

1 4 10 40 100 1 4 10 40 100

© 10' @ 1 04

102 102

103 1010

10Q2 102

~ 10 -100 *0

100100 EV010

10-1 1001L..10-1 10-2
10Q-1 10-1

~o-~ ~- 10- .. LL10LL1

* 1 4 10 40 100 1 4 10 40 100
K max (KSI --,in) Figure 6.29.3.18 Kmax (KSI -,in)

6.29-43
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TABLE 6.29.3.19

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.29.3.19INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 4340
* CONDITION: TEMPER 400F 1HR

K MAX .DA/DT (1O**-3 IN/HOUR)
* (KSI*IN**1/2)

A B C D

E= E= E= E
:DIST. WATER; DIST. WATER; DIST. WATER; DIST. WATER;
5OF 75F 127F 167F

A: 51.00 : 256.
K MAX B: 14. 50 83. 0
MIN C: 26.00 :2215.

D: 22.50 :5804.

16.00 :112.
20.00 218.
25.00 :412. 8072. .*

30.00 :663. 3694. 11332.
35.00 :947. 5200. 12816.
40.00 :1236. 6117. 13293.
50.00 :1737. 6730. 13718.
60.00 B 93. 2040. 6825. 15332.
70.00 : 1384. 2125. 7099.

* .80. 00 1383. 2033.

A: 81.00 : 1367.
*. K MAX B: 84.00 1962.

MAX C: 80.00 :7842.
D: 64.00 :16594.

ROOT MEAN SQUARE 10. 41 9. 95 10. 87 10. 02
PERCENT ERROR

6.29-44
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CONDITION/HT: TEMPER 40OF 1HR ALLOY
FORM: . 2"TH PLATE SPECIMEN THK: . 250 STEEL

SPECIMEN TYPE: CNT SPECIMEN WIDTH: 2.00"STEE

ORIENTATION: CRACK LENGTH (Ao):
'- YIELD STRENGTH: 195.0 KSI KSCC 434

ULT STRENGTH: REFERENCES.84309

K max (MPA v-) K max (MPA Vm)
4 10 40 100 4 10 40 100

ENVIRONMENT: 104 ENVIRONMENT:

102 ST. WATERDsIF DST. WATER: 75F

102 _ 102

103  -13

10' 10_

102 10?

0100 - 100 - _ _ _ _--__-_
.10

10' 10 E

E
10 10o  - _10-'

100 100 

10-2I0- 10--

10-'10-0-'

10--- 10 -

10-3 1 I 10-' I L 1 1 1 1 L L±±i

102-

S1004 lit 10 I I0i
10 

10'0 
4 1

40 100 0 4 10 40 100

1 9 1 1' I

10-' 10104

"% IEN R; 127F -- R=YD 1674

10-s 102

10 3  10 3

"'' 10' L~L~LW 10' -1L--

104 1 04 0 0 1 4
"'." - 10'-- 102

010 __10 - - 0

6.0-1-

" -- ' C - 10 % .... 10-
• :':10 10-1 0 -

-- 10 - 10 -- 1 -

it. 
10 

4 04 0 
M 04 0

". Kma (SI ") (1I0-2-n
"-'" Fi~~u c 0-2 . a

10- 10--

""'" 6 291--3

.:.:2 :-: -.-:-- .: :' -. :: -- ::.. .:p : • :: :. . . .v :':. ... ":.,., • .--...... ...0. . .
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0,

TA13LE 6. zf).3. 20

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

* *. -. DATA ASSOCIATED WITH FIGURE 6.29.3.2oINDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 4340
CONDITION: TEMPERED 400F

K MAX .DA!DT (10**-3 IN/HOUR)
(KSI*IN**1/2)

A B3 C D

E= E=E==
DIET. WATER DIST. WATER DIST. WATER DIST. WATER
MKI=19KSI KI=24KSI KI=.31K61 KI=4W1S
SQRT(IN) SORT(IN) SQRT(IN) SQRT(IN)

A: 20.00 83.8
K MAX B. 26.00 300.
MIN C 3380 579.

0:

25.00 . 603.
30.00 900. 7B7.
35.00 1383. 756.
40.00 1744. 1533.
50.00 2341.
60.00 2553.

A: 33.30 1206.
*K MAX 13: 50.00 2136.

MAX C: 67. 50 :2932.
0:

-i ROOT MEAN SQUARE 7.25 6.54 63.60 0.00
PERCENT ERROR
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CONDITION/HT: TEMPERED 40OF ALLOY
FORM: SPECIMEN THK:STE
SPECIMEN TYPE: SPECIMEN WIDTH:
ORIENTATION. CRACK LENGTH (A0):
YIELD STRENGTH: K iscc:
ULT. STRENGTH. REFERENCES:84313. 84310

* . K max (MPA v/rm) K max (MPA VTh
*-4 10 40 100 4 10 40 100

® ENVIRONMENT. 104 ENVIRONMENT:
DIST. WATER DIST. WATER

102 KI=19KSI-SQRT (IN) -102 KI-24KSI-SORT (IN)

10Q3 1 0'

10' 101

10Q2 z102

o 100 -100

C10, - 101
E

______ ___ -10-I

V100 100 cM

7V
10Q-1 10-2

- 1 0- 10-,

. 1 0-3 10-3

10-2 10-2

1 ~ I' I W LIJ i-A1- 1 1' fLL.zih IIIIII
1 4 10 40 100 1 4 10 40 100

@ ~ IPM R1' \.. 104

102 KI=31KSI-SORT (IN) -102 KI=41KSI-SQRT (IN)

10Q3 1 03

10' _ _ _ _ _ _ _ _ _ _ _ _ 101

10Q2 102

-lo 100 c

10 10, E
z E

~ 101 -10-

100 100 ~

10-2 -10-2

- 10-1 1 0-'

101- - 10-3

1 0-2 J 10-2

1 4 10 40 100 1 4 10 40 100

Kma (KI ~Figure 6.29.3.20 Kmax (KSI V',n

6.29-47
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TABLE 6. 29. 3. 21

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.29.3.2iINDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 4340
* CONDITION: TYS=200-240KSI

K MAX .DA/DT (1O**-3 IN/HOUR)
* (KSI*IN**1/2)

A B C D

E= E= E=E
:3.5% NACL - 3. 5% NACL - 3. 5% NACL - 3. 5% NA CL-
.09 WT %SI .54 WT %SI 1.08 WT ZSI 1. 58WT 7.SI
IN ALLOY IN ALLOY IN ALLOY IN ALLOY

A:.
K KMAX B:
MIN C:

200.00

A: ' P
K MAX B:

* -MAX C:

ROOT MEAN SQUARE 0. 00 0. 00 0. 00 0. 00
PERCENT ERROR

0.29-48
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S CONDITION/HT: TYS=200-24OKS I ALLOY
FORM. 1.5"TH EXTRUSION SPECIMEN THK: 0. 480' STEEL
SPECIMEN TYPE: N8 SPECIMEN WIDTH 1. 500"
ORIENTATIONL-S CRACK LENGTH (A0 ).
YIELD STRENGTH: 202. 0- 240. 0 KSI K iscc 14. 00 KSI (SORT IN) 44
ULT. STRENGTH: REFERENCES:74718

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

ENVIRONMENT.-.9W 0 ENVIRONMENT,-.4W
3.5% NC 0 T%35 AL .4W

102 SI IN ALLOY -102 SI IN ALLOY

10' 10210'102

01- 100 ,

102 1012

010 10010

10-2 10-2

10, 10-210-

10-1 - 10-s

10-2 10-'

10- 10-4...L.LL. .. LL.LL
1 4 10 40 100 1 4 10 40 100

1.~NE&: 08 WT 10 © ENV% L158 WT 10

102 SI IN ALLOY -102 SI IN ALLOY

101 10'

M 102 10

D10 100 _ _ _ _ _

1000 10

100-,-10, E
CV

1010 loo

10-2 -10-2

10-' 10-1

* 10-3 0-1

1 Q-2 10-2

10i -4 10' .4 ...... L...d± ..... L...LLL
1 4 10 40 100 1 4 10 40 100

Kmax (KSI -\/-i) Fgr62 21Kmax (KSI V,'in

6.29-49
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TABLE 6.32.3. 1

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 6.32.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: ALLOY STEEL 4340(EFM)
CONDITION: 1550F .5HRo400F 4HR

K MAX DA/DT (10**-6 IN/HOUR)
(KSI*IN**1/2)

A B C D

0. 05% SODIUM

DICHROMATE

A: 19. 00 340000.
K MAX B:
MIN C:

D

20 00 356822.
25 00 457075.

30. 00 572661.
35 00 690962.
40. 00 801767.
50. 00 972434.
60. 00 1053339.

A: 65. 00 1060000.

K MAX B

MAX C:
D:

ROOT MEAN SQUARE 9. 39

PERCENT ERROR

302

0 6(. 32-2
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- -. -v . ---- . ,, , ... -.... m. "--

CONDITION/HT 1550F . 5HR. 400F 4HR ALLOY
FORM 0.5"TH PLATE SPECIMEN THK 0. 300" STEEL
SPECIMEN TYPEi TDCB SPECIMEN WiDTH: 5. 000"

- ORIENTATIONT-L CRACK LENGTH (Ao)
-. YIELD STRENGTH 240.0 KSI KISCC: 4340

ULT STRENGTH REFERENCES8361 3(EFM)

-(E"M)

K max (MPA v/'m) K max (MPA ,
4 10 40 100 4 10 40 100

-- I I I ( . 1 1 1 t I I I I I .1 1 0 1 1 1 1 1 7 I T 1 1 1 1 T i l l

ENVIRONMENT: ENVIRONMENT
0.05% SODIUM

10 DICHROMATE 100
10 10

10 I  10 -

2 1010 '

10" _10' -

10 10

1010__ _ _ _ _ _ _ _ _ 100 .

10 10

,..106 L~z l±J i, LJ ..L A -I, 10': L ..L /'LI. 11 .L.. 1410...LLL I 0
14 10 40 100 1

ENVIRONMENT. 102 ENVIRONMENT. 102

100 1010

10 10

%10 01010 10

510 0 10 4 1

12 -2

10 10

010 1
D "-- 10 -

1 40 1 4 000
.. 10 10

°=~1 100II ~ l I iI, l, - 0 ,II ll

. 4104 !0 1 4 04 0

Kmax (KSI v,' ) Kipr6.23max (KS) \.,-n

S6.32-3

10.................................................................................................., . .

A A .4
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TABLE 6.33.3.1

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE6.33.3.1 INDICATING EFFECT

OF YIELD STRENGTH

MATERIAL: ALLOY STEEL 4340V
CONDITION:

* ENVIRONMENT:

* K MAX .DA/DT (l0**-6 IN/HOUR)
(KSI*IN**1/2)

A B C D

Y(KSI)=200.0 Y(KSI)=4126.0 Y(KSI)=142.0

A: 41.00 25343.
K MAX B: 5500 6o 85.
MIN C:

50.00 101411.
60.00 174099. 4149.
70.00 234544. 6304.
60.00 8155.

A: 75.00 279053. 
..

K MAX B: 85.00 E12927.
MAX C.

ROOT MEAN SQUARE 6.42 3. 87 0. 00
PERCENT ERROR

0. 33-2
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CONDITiON/HT ALLOY
FORM 7. 4 TH EXTRUS ION SPECIMEN THK 0. 394" STEEL

-. SPECIME. 'JTPE: CANT SPECIMEN WIDTH: 0. 394"
ORIENTATIODN: CRACK LENGTH (A0 ).
ENVIRONMENT: Kicc 103 8 3.0, 5. KSI (SQRT TN) 4340V
ULT STRENGTH: REFERENCES: 15972

K max (MPA v"M) K max (MPA V"Th
4 10 40 100 4 10 40 100

111111~I I 1111 I 12
YIELD STRENGTH -- l YIELD STRENGTH=

loo 200.0 KSI _______-1 0 8. 0
-- 10

1001 100

100 10

V -~20C)10' 10 --

10 1o E

3 b 3

10 10

101 10_____ -1

10 10

10 10

1 4 10 40 100 1414 0

@ YIELD STRENGTH 10 2 s@ YIELD STRENGTH -~10'

100 142.0 KSI -100-

101 10

10 -1

10
%p 10 0o

010 -102

10 10 E
E

1010 -

10 10 -

10 100 ______ 0

1010 10
Cl E

10 10
S4

1~1 41040o11 0 4 0

01
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TABLE 6.36

REFERENCES FOR ALLOY STEEL DATA

60578 Ig~i (300)MAR Kc

Christian, J. L., Yang. C. T., and Witzell, W. E., 'Physical
and Mechanical Properties of Pressure Vessel Materials for Application
in a Cryogenic Environment", ASD-TDR-62-258, Part III, General
Dynamics/Astronautics (December 1964).

63061 D6AC Kiscc
l8Ni(300)MAR KIscc
4140 KIscc
4340 Ktscc

Mulherin, J. H., and Hess, E. H., "Stress-Corrosion Susceptibility
of Ultrahigh Strength Steel Evaluated in Terms of Fracture Toughness',
Technical Report R-1782, Frankford Arsenal, Philadelphia, PA,
(November 1965).

65166 11Ni-5Cr-3Mo KlscC
l8Ni (180)MAR KIacC
l8Ni (250)MAR Klscc

% Rolfe, S. T., et &I., "Stress-Corrosion Testing of Ultraservice
Steels Using Fatigue Cracked Specimens', Paper No. 90, Presented
at the 69th Annual Meeting of the American Society for Testing and
Materials in Atlantic City, NJ, June 27-July 1, 1966.

69162 18Ni(200)MAR Klscc

Sandoz, G., and Nevbegin, R. L., "Stress-Corrosion Cracking
Resistance of an l8Ni 200 Grade Maraging Steel Base Plate and Weld",
NRL Report 1772, Naval Research Laboratory, Washington, D.C.,
(March 1967).

70887 1ZNi-5Cr-3Mo Kiscc
l8Ni (200)MAR Klscc
18Ni (250)MAR da/dt
4340 da/dt, Klscc

Peterson, M. H., Brown, B. F., Newbegin, R. L., and Groover, Rt. E.,
"Stress Corrosion Cracking of High Strength Steels and Titanium
Alloys in Chloride Solutions at Ambient Temperature", Corrosion, 23
(5), 142-148 (May 1967).

72283 D6AC Ksc
H9-4.45 sc
HlNl Ktscc
L8Ni (250)MAR Klscc
4340 KIscc

A% Benjamin, W. D., and Steigervald, E. A., "Environmentally Induced
Delayed Failures in Martensitic-High-Strength Steels", Second
Yearly Suary Report, AJ'L-TR-68-80, TRW, Inc.. Cleveland, OH,
Contract A133(615)-3651(P) (April 1968).

73300 300M (AM) KIC
300M (VAR) KIC

*4340 (AM) KIc
4340 (DHI) Ktc

Hasr J. ., et al., "Inclusions in High-Strength Steels, Their
Depndece n Pocesin Vaiabesand Their Effect on Engineering

SProperties". eotAM-R6-2,Cuil te Corporation,

.e Pittsburgh, PA, (August 1968).
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73612 18Ni (250)MAR KTc

Srawley, J. E. * "Plane Strain Fracture Toughness Tests on Two-
Inch-Thick Maraging Steel Plates at Various Strength Levels",
',ASA 7N KC-52470, Lewis Research Center, Cleveland, OH, (1968).

73824 HY-150 Ktscc

Smith, J. H., and Rolfe, S. T., "Effect of C.~mposition on the
Kjscc of Experimental HY-150 Steels", Technical Report No.
39.018-016(10), United States Steel Corporation, Applied Research

Laboratory, Monroeville, PA, Contract NObs-94535 (FEN) (December 20, 1968

73829 18Ni (250)MAR Klscc

Novak, S. R., and Rolfe, S. T., "Comparison of Fracture-Mechanics
and Normal-Stress Analyses in Stress-Corrosion Testing", Report
No. 89.018-026(3), United States Steel Corporation, Applied Research
Laboratory. Monroeville, PA, Contract NObs-94535 (FBM)
(December 20, 1968).

73988 300M K,

Pendelberry, S. L., Simenz, R. F., and Walker, E. K., "Fracture
Toughness and Crack Propagation of 300 M Steel", FAA Technical
Report No. DS-68-18 (August 1968).

14232 HiP 9-4-.20 Klscc
I 2Ni-5Cr-3Mo Klscc
18Ni (250)MAR KIscc

Sinclair, G. M., and Rolfe, S. T., "Analytical Procedure for
Relating Subcritical. Crack Growth to Inspection Requirements",

-r University of Illinois, Urbana, Ill., and United States Steel
Corporation, Applied Research Laboratory, Monroeville, PA, Paper
presented at the Metals Engineering Conference of ASME, Washington,
D.C., on March 31 to April 2, 1969.

74302 HP 9-4-. 30 KIScC
300M K1 8C

Carter, C. S., "Crack Extension in Several High-Strength Steels
Loaded in 3.5% Sodium Chloride Solution", Research Report D6-19770,
The Boeing Company, Renton, Wash., ARPA Contract N00014-66-C-0365
(November 1967).

74718 300M Klscc
4340 Klsoc, da/dt
4340(MOD) K15cc

Carter, C. S., "The Effect of Silicon on the Stress Corrosion
Resistance of Low-Alloy. High-Strength Steels", Research Report
D6-23872, The Boeing Company, Renton, Wash., ARIA Contract N00014-
66-C-0365 (March 1965).

74719 lg~i (200)MAR da/dt
18?li (350)MAR da/dt

Carter, C. S., "Stress Corrosion Crack Branching in High-Strength
Steels", Research Report D6-23781, The Boeing Company, Renton,
Wash., ARIA Contract N00014-66-C-0365 (March 1965).
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5025 -3-0 K.Sc Z

?rocrer, R. PM.. and Paxton, i. W., "The Effect: f ?rior Auscenice
Grain Size on :he Stress :orrosion Cracking Susceocbili:v of
A.A.S.. .340 cee1', Research Project, Carnegie-Mellon University,
?ittsburgh, PA :,. :ar :969).

75111 Hil da'dt

.et, R. P., and Landes, :. D., "Correlation Between Sustairred-Load
and Fatigue Crack Growth on High-Strength Steels", Materials
Research and Standards, 9 (7), 25-28 (July 1969).

75677 18Ni (350) MAR Ktscc

Carter, C. S., "The Effect of Heat Treatment on the Fracture
Toughness and Subcritical Crack Growth Characteristics of a
350-Grade Maraging Steel", Report D6-22978, The Boeing Company,

.^.'q Renton, Wash., Contract N00014-66-C0365 (June 1969).

76411 HP 9-4-.25 (VAR) Kic
A-o 18Ni (200) MAR

'S C
Weasel, E. T., et al., "Engineering Methods for the Design and
Selection of Materials Against Fracture", Final Technical Report,
Westinghouse Research Laboratories, Pittsburgh, ?A. Contract
DA-30-069-AMC-602 (T) (June 24, 1966).

76972 4340 K1.340V da

Colangelo, V. J., and Ferguson, M. S., "The Role of the Strain
Hardening Exponent in Stress Corrosion Cracking of a High Strength
Steel", Corrosion, 25 (12) 509-514 (December 1969).

5 :77716 18Ni(300)MAR Kiscc

Stavros, A. J., and Paxton, H. W., "Stress-Corrosion Cracking
Behavior of an 18% Ni Maraging Steel", Homer Research Laboratories,
Bethlehem Steel Corporation, 3ethlehem, PA, and Carnegie-Mellon
University, Pittsburgh, PA, ARPA Contract Nonr-760(31) (April 1970).

-A78065 ISNi (250)MAR Kzscc

Novak, S. R., and Rolfe, S. T., "Comparison of Fracture Mechanics
,- and Nominal Stress Analysis in Stress Corrosion Cracking", Corrosion,

P. 26(4) 121-130(April 1970).

78305 300M KIC K scc
300M(VM) KIc

. Webster, D., "Effect of Grain Refinement on the Microstructure
and Mechanical Properties of 4340M", Sui"arv Report D6-25220,
The Boeing Company, Seattle, Wash., ARPA Contract N00014-66-C-
0365 (April 1970).

78313 18Ni (250)MAR da/dt
300M da/dt

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).
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78425 ISNi (300) MAR Ktscc, daidN

,' -', Carter, C. S., "Evaluation of a High-Purity [SNi (300)
Maraging Steel Forging", Report AFML-TR-70-139, The Boeing Company,
Renton, Wash., Contract F33615-69-C-1620 (June 1970).

78761 18Ni (300) MAR Ktscc
4340 Klscc

Carter, C. S., "Effect of Prestressing on the Stress-Corrosion
Resistance of Two High-Strength Steels", Report D6-25275, The
Boeing Company, Seattle, Wash., Contract N00014-66-C-0365 (May 1970).

80423 4340 Kiscc
4340 (MOD) KIscc

Sandoz, G., "The Effects of Alloying Elements on the Susceptibility
to Stress-Corrosion Cracking of Martensitic Steels in Salt Water",

% "ASM Metallurgical Transactions, 2 (4) 1055-1063 (April 1971).

80667 HP 9-4-.20 K1 scc
18Ni (200) MAR Kiscc

Raymond, L., and Usell, R. J., Jr., "The Effect of N204 and UDMH
on Subcritical Crack Growth in Various High-Toughness Low-Strength

% Steels", Report No. SAMSO-TR-71-106, TR-0059(6250-10)-8, The
Aerospace Corporation, El Segundo, CA, Contract F04701-70-C-0059
(June 15, 1971).

80824 lONi (200) MAR Kiscc
18Ni (250) MAR Kiscc ;.J

Syrett, B. C., "Stress Corrosion Cracking in 18% Ni (250) Maraging
Steel", Corrosion, 27 (7), 270-280 (JuLy 1971).

81004 18Ni (180) MAR KtSCC
18Ni (200) MAR Ktscc

Kenyon, N., Kirk, W. W., and Van Rooyen, D., "Corrosion of 18Ni
180 and 18Ni 200 Maraging Steels in Chloride Environments", Corrosion,
27 (9), 390-400 (September 1971).

81814 4340 Kiscc, da/dt

Gallagher, J. P., "Corrosion Fatigue Crack Growth Rate Behavior
Above and Below Kiscc in Steels", Journal of Materials, 6 (4)
941-964 (December 1971).

82164 IgNi (280) MAR Klscc

Floreen, S., Hayden, H. W., and Kanyon, N., "Stress Corrosion
Cracking Behavior of Maraging Steel Composites", Corrosion, 27
(12), 519-524 (December 1971).

82543 06AC KIc, da/dN

ao. Feddersen, C. E., et al., "Crack Behavior in D6AC Steel", Report
MCIC-72-04, Metals and Ceramics Information Center, Battelle
Columbus Laboratories, Columbus, OH (January 1972).

C' *
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Dull, 0. L. , and Ravmond, L., "Stress iistorv Effect 3n Incubation
rime for Stress Corrosion Crack Growth in E-340 HR ,teel", Air
Force Report No. SAMSO-IR-72-168. Aerospace Report No. TR-0172
(2250-10)-7, r'he Aerospace Corporation, El Segundo, CA, Contract
No. F04701-71-C-0172 (June 15, 1972).

83613 HP 9-4-. 20 Klscc

12Ni-5Cr-3Mo Klscc
,8Ni (180)MAR Klscc
.8Ni (200)MAR KIsc1

-, o.p I8Ni (250)MAR Ktscc

Sandoz, G., "The Resistance of Some High Strength Steels to Slow
Crack Growth in Salt Water", NRL Memorandum Report 2454, Naval
Research Laboratory, Washington, D.C. (February 1972).

83834 18Ni (200) MAR KIc

I.Ni (250) MAR Kic

Fisher, D. M., and Repko, A. J., "Plane Strain Fracture Toughness
Tests on 2.4 and 3.9-Inch-Thick Maraging Steel Specimens at Various
Yield Strength Levels", Journal of Materials, 7 (2) 167-174 (June 1972).

84029 D6AC KIc

HP 9-4-.30 KIc
300M KIc
4330V (MOD) KIc
4340 Kic

Garland, K., "Tracture Toughness of Several High Strength Steels",
. Report 513-965, McDonnell Aircraft Company, McDonnell Douglas

Corporation, St. Louis, MO, (June 7, 1971).

84277 D6AC KIc
4330V (MOD) KIc

4340 KIc

Maller, R., "The Effect of Heat Treatment Variations on the
Fracture Toughness of D6AC Steel", Report No. M&P/MWE--TR-72-2,

Gruamn Aerospace Company, Bethpage, NY (March 13, 1972).

84278 300M (VM) KIC

S'. " Maller, R., "The Effect of Heat Treatment Variations on the
Fracture Toughness of 300 M Steel", Report No. M&P/MWE-I-TR-72-5,
Gruman Aerospace Company, Bethpage, NY (April 13, 1972).

84280 300M KIc
4340 (DH) KIc

Gunderson, A. W., and Harmsvorth, C. L., "MAA Engineering and
Design Data, Material 300 M", Test Memo No. MAAE 70-5, Air Force

f Materials Laboratory, Wright-Patterson AFB, Ohio (September 24, 1970).

84290 4340 Kiscc

Smith, H. R., Piper, D. E., and Downey, F. K., "A Study of Stress-
%" Corrosion Cracking by Wedge Force Loading", Engineering Fracture

Mechanics, 1, p 123-128 (1968), Pergamon Press.
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34306 iP -4-.20 KIC
RP 9-4-.30 KIC

Harrigan, M. J., "B-L Fracture Mechanics Data for Air Force Handbook
Usage", Report TFD-72-501, North American Rockwell, Los Angeles
Division, Los Angeles, CA (April 21, 1972).

84309 H11 da/dt
4340 da/dt

Landes, J. D., "Kinetics of Sub-Critical Crack Growth and Deformation
in a High Strength Steel", A Dissertation Presented to the Graduate
Facility of Lehigh University in Candidacy for the Degree of Doctor
of Philosophy in Applied Mechanics, Lehigh University, Bethlehem,
PA, (1970).

84310 18Ni (250) MAR da/dt
18Ni (300) MAR da/dt
4340 da/dt

Wei, R. P., "The Effect of Temperature and Environment on Subcritical
Crack Growth", Report IFSM-72-14, Lehigh University, Bethlehem,
PA (April 1972).

84313 4340 da/dt

Wei, R. P., Novak, S. R., and Willims, D. P., "Some Important
Considerations in the Development of Stress Corrosion Cracking
Test Methods", Presented at the 33rd AGARD (NATO) Structures and
Materials Panel Meeting, Brussels, Belgium, October 4-8, 1971.

84317 12Ni-SCr-3Mo Kiscc .

Novak, S. R., and Rolfe, S. T., "Modified WOL Specimen for Kiscc
Environmental Testing", Journal of Materials, 4 (3), 701-728
(September 1969).

84342 l2Ni-SCr-3Mo Kiscc
18Ni (200) MAR Klscc

Crooker, T. W., and Lange, E. A., "The Influence of Salt Water
on Fatigue-Crack Growth in High-Strength Structural Steels",
ASTM SP 462, "Effects of Environment and Complex Load History
on Fatigue Life", p 258-271 (1970).

84351 HP 9-4-.45 Kiscc
HI1 Ktscc
18i (250) MAR Ktscc
181 (350) MAR Ktscc
300M Kiscc
4330V Kiscc

Carter, C. S., "Stress Corrosion Crack Branching in High Strength
.e.- Steels", Engineering Fracture Mechanics, 3, p 1-13 (July 1971).

84356 18Ni (300) MAR Kiscc
4340 Ktscc

Carter, C. S., "Effect of Prestressing on the Stress Corrosion
Resistance of Two High-Strength Steels", Metallurgical Trans.,

*. 3, n 584-587 (February 1972).
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8.963 41.0 Klrsc

Bucci, R. J., Paris, P. C., Loushin, L. L., and Johnson, H. H,,

"Fracture Mechanics Consideration of Hydrogen Sulfide Cracking

in High Strength Steels", Stress Analysis and Growth of Cracks,

Proceedings of the 1971 National Symposium on Fracture Mechanics,

Part I, ASTM STP 513, p 292-307, American Society for Testing and

Materials. Philadelphia, PA, (1972).

85545 30314 da/dt

Speidel, M. 0., "Dynamic and Static Embrittlement of a High-Strength
Steel in Water", preprint from L'Hydrogene Dans Les Metaux, 1,
Editions Science et Industrie, Paris, France (no date).

85633 HP 9-4-.20 KIc

"Fracture Toughness and Tensile Properties Data for HP9-4-20
Steel", Shultz Steel Company, South Gate, CA, attached to memo
from Ed Cawthorne dated March 9, 1973.

85836 HP 9-4-.20 KIc
300M KIc

"B-I Fracture Toughness Data (K(sub Ic)) - Rockwell International",
Rockwell International Corporation, Los Angeles, CA (April 24, 1973).

85837 HP 9-4-.20 da/dN
* NHP 9-4-. 30 da/dN

"Fracture Toughness Data Collection, Rockwell International
Corporation, from B-1 Program", Rockwell International Corporation,
Los Angeles, CA, (April 1973).

85857 HP 9-4-.20 KIc

"Shultz Steel Company - Fracture Toughness Data - May 10, 1973",
per memo from Ed Cawthorne of May 10, 1973.

85879 HP 9-4-.20 KIc

"Fracture Toughness Data - Shultz Steel Company -May 15, 1973",
per memo from Ed Cawthorne of May 15, 1973.

85883 D6AC KIc
300M KI¢

Weiss, V., Sengupta, M, and Sanford, W., "The Significance of
Material Ductility to the Reliability and Load Carrying Capacity
of Peak Performance Structures", Final Report, Syracuse University,
Syracuse, NY, Contract N00019-72-C-214 (January 1973).

86428 HP 9-4-.20 KIc

"Fracture Toughness Data for HP9-4-20 Forgings - Shultz Steel
Company, July 5, 1973", test reports attached to memo from E. W.
Cawthorne to J. E. Campbell (July 5, 1973).

86582 4340 KIc

McCabe, D. E., "Evaluation of the Compact Tension Specimen for
Determining Plane Strain Fracture Toughness of High-Strength
Materials", Journal of Materials, 7 (4) 449-454 (December 1972).
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3 724 1 300M KIc
41 40 Kic
4330V (MOD) KIc
4340 KIc

Wood, W. E., Parker, E. R., and Zackay, V. F., "An Investigation
of Metallurgical Factors Which Affect Fracture Toughness of Ultra-
High Strength Steels", Report AMMRC CTR-73-24, LBL-1474, University
of California, Lawrence Berkeley Laboratory, Berkeley, CA, Contracts
DAAG46-72-C-8200 and W-7405-eng-48 (May 1973).

88136 HP 9-4-.20 Ki, da/dN
HP 9-4-.30 KIc, da/dN

300M Kitc

Dill, H. D., "Evaluation of Steel Alloys 300 M, HP-9Ni-4Co-.20,
HP-9Ni-4Co-. 30, and PH 13-88o", Report MDC-A2639, McDonnell Aircraft
Company, McDonnell Douglas Corporation, St. Louis, MO, (December 21,
1973), with data supplement received May 2, 1974.

88140 HP 9-4-.30 da/dN

Hall, L. R., Finger, R. W., and Spurr, W. F., "Corrosion Fatigue
Crack Growth in Aircraft Structural Materials", Report AFML-TR-
73-204, Boeing Aerospace Company, Seattle, WA, Contract AF33615-
71-C-1687 (September 1973).

- 88575 lONi da/dN•% "%

"Advanced Metallic Air Vehicle Structure Program", Material

Property Data Test Report Phase II, Report FZM-6148A, General
Dynamics, Convair Aerospace Division, Fort Worth, TX, Contract
AF33615-73-C-3001 (January 1974).

88579 HP 9-4-.20 da/dN
HP 9-4-.30 da/dN

"B-1 Program da/dN Data for Aluminum Alloys", Rockwell International
Corporation, memorandum to H. D. Moran from E. W. Cawthorne,
Battelle's Columbus Laboratories (April 3, 1974).

89311 4340 da/dN

Kortovich, C. S., "Corrosion Fatigue Behavior of 4340 and D6AC
Steels Below K1T ", Report ER-7fl7, TRT Incorporated, Cleveland,
OH, Contract N08814-69-C-0286 (April 1974).

90011 HP 9-4-.2O KIC
*'HP 9-4-.30 Kic

"Rockwell International, 3-1 Program Fracture Toughness Data of
August 5, 1974", with memorandum from E. W. Cawthorne to H. D.
Moran of Battelle's Columbus Laboratories (August 5, 1974).

90012 HP 9-4-.20 Kic

"Ti-6Al-4V Fracture Toughness Data - Shultz Steel Company, South
Gate, CA, of August 8, 1974", with memorandum from E. W. Cawthorne
to H. D. Moran of Battelle's Columbus Laboratories (August 8, 1974).

1%
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9098L INi ZO) MAR i a/dN

Krupp, W. E., '.4immer, F. I., Pettit, D. E., and Hoeppner, 0. WJ.,
Data Sheets for Final Report on "Investigation of the Effects of

Stress and Chemical Environments 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.

- 91284 HY-TLtF Kic
Hauser, J. J., "Data on Vacuum-Arc-Remelted (VAR) HY-Tuf", letter

to J. E. Campbell, Battelle's Columbus Laboratories, Columbus,
OH, from J. J. Hauser, Crucible, Incorporated, Materials Research
Center, Pittsburgh, PA (December 3, 1974).

91838 18Ni (300) MAR da/dN

. Van Swam, L. F., et al., "Fatigue Behavior of Maraging Steel 300",
Metallurgical Transactions A, 6A, 45-54 (January 1975).

AM002 HP 9-4-.30 KIc

Fracture Toughness Data for HP9-4-.30 Steel sent from T. Matsuda,

Airesearch Manufacturing Co., Torrence, CA, Data produced July 1977.

BWOO1 4340 da/dN

Horsley, J. J., and Harris, C. E., "Durability and Damage Tolerance
SAssessment (DADTA) of a-52 G/H Structure, Task II, Damage Tolerance

Assessment Final Report", Boeing Compan-y, Wichita, KS, Contract No.
F34601-79-C-1515, Document No. D3-11560-3, June 1980.

4%'. BWO02 4340 da/dN

Lambert, G., Mecham, P., and Mah, T., "Duribility and Damage
Tolerance Assessment (DADTA) of B-52 G/H Structure, Task III,
Individual Airplane Crack Growth Tracking Program", Boeing Company,
Wichita, KS, Contract No. F34601-79-C-2258, Document No. D3-11560-6,

November 1981.

DAO01 H1l da/dN
HY-180 da/dN
12-9-2 MAR K-c" da/dN
4340 Kic, 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-I, HY-180 and 12-9-2,
Sent from Mr. Paul Abelkis, Douglas Aircraft Company, McDonnell
Douglas Corporation, Long Beach, CA, March 1982.

.D006 A286 da/dM

James, L. A., "The Effect of remperatures on the Fatigue-Crack
Propagation Behavior of A286 Steel", Report HEDL-TME 75-82,
Westinghouse Hanford Company, Richland, WA, January 1976.

MA004 AF1410 da/dN

Fatigue Crack Growth Rate Data on AF1410 Steel in Bar Form, McDonnell
Aircraft Company, St. Louis, MO, Data Submitted by D. L. Rich,
Attachment #4, received March 12, 1982.

6.36-9
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MAO5 HP 9-4-. 20 KIc, Klcc, ia/dN
HP 9-4-30 K1c' Wiscc, Aa/dN
3OM Kjc, Kiscc, iaidN

Garland, K., and Krieg, J. F., "Final Report - Basic Fracture Data
for F-18 Material", McDonnell Aircraft Company, St. Louis, MO,
Report No. 3 NA-66-7KW, Attachment :5, March 1977.

MAO06 30OM 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 Overload as a Function of Stress Ratio",
McDonnell Aircraft Company, St. Louis, MO, April 1978.

S. -MAO7 HP 9-4-.30 da/dN

300M da/dN

Garland, K., and Krieg, J. F., "Environment-Load Interaction
Effects on Crack Growth", McDonnell Aircraft Company, St. Louis,
MO, Report No. 703-116, June 1978.

MAOIC HP 9-4-.30 da/dN
30OM da/dN

Garland, K., and Krieg, J. F., "Environment-Load Interaction
Effects on Crack Growth in Landing Gear Steels", McDonnell Aircraft
Company, St. Louis, MO, Report No. TR 703-535, TM 256-6627,
February 1981.

MAOlI 4330V (MOD) KIc, da/dN

"Final Report, F/RF-4C/D Damage Tolerance and Life Assessment
Study - Vol. 1I", McDonnell Aircraft Company, St. Louis, MO,
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