Curve Fitting Crack Growth Rate
Data from the Fracture Mechanics
Database



@Growth Database - Mozilla Firefox ==X
File Edit View History Bookmarks Tools Help

* Connecting...

& www.afgrow.net/afmat/Default.aspx 4~ Google Pl #

AFGROW |

Home Product Reference i Test Profile

AF Mat = Home

m

Online Crack Growth Database

A Alloy Steels Id Data Source Condition Heat Treatment Property Type Alloy Environment

= ; 20240 Purdue Aging Aircraft Data Fatigue Life (a vs M) 7075-Th Unknown
+ Aluminum 1100 Alloys 19667  Additional NASA Data UNK Plane Strain Fracture Toughness (K1C) 5083-0 Unknown
+ Aluminurm 2000/6000 Allays 19668  Additional NASA Data UNK Plane Strain Fracture Toughness (K1C) 5083-0 Unknown
+ Aluminum 5000 Alloys 19660  Additional NASA Data UNK Plane Strain Fracture Toughness (K1C) 5083-0 Unknown
+ Aluminurm 7000/8000 Allays 19670  Additional NASA Data UNK Plane Strain Fracture Toughness (K1C) 5083-0 Unknown
+ Aluminum Casting Alloys 19671  Additional NASA Data UNK Plane Strain Fracture Toughness (K1C) 5083-0(5183 FM) Unknown
#f+ Aluminum-Lithium Alloys 19672  Additional NASA Data UNK Plane Strain Fracture Toughness (K1C) 5083-0 Unknown

+ Beryllium/Beryllium Alloys 19673  Additional NASA Data UNK Plane Strain Fracture Toughness (K1C) 5083-0 Unknown

+ - Brass 19674  Additional NASA Data UMK Plane Strain Fracture Toughness (K1C) 5083-0 LM2

o8 Bronze 19675  Additional NASA Data UNEK Plane Strain Fracture Toughness (K1C) 5083-0 LM2

I Copper/Copper Alloys 19676  Additional NASA Data UNK Plane Strain Fracture Toughness (K1C) 5083-0 LM2 I

+ Iran Allays 19677  Additional NASA Data UNK Plane Strain Fracture Toughness (K1C) 5083-0 LN2

+ Magnesium Allays 19678 Additional NASA Data UNK Plane Strain Fracture Toughness (K1C) 5083-0(5183 FM) LN2

+ Malybdenum/Malybdenum Alloys | 10670 Additional NASA Data UNK Plane Strain Fracture Toughness (K1C) 5083-0 L2

+ Nickel Based Super Alloys 19680  Additional NASA Data UNK Plane Strain Fracture Toughness (K1C) 5083-0 LM2

4" Niobium/Niobium Alloys M |4(1(2345678910 . F|M Pagesis|15 - 11315 755

+ - Solders

+ "~ Stainless Steels

— Titanium Alloys

i TRAT 120 T DAL O O

Waiting for www.afgrow.net... -
— ——




The AFGROW Fracture Mechanics Database
was used to search for crack growth rate data
for 7050-T74 Aluminum

A large amount of data were available for
plate and extrusion products

The data were fit manually fit in Excel

The Harter T-Method was used to provided
continuity in the curve fits as a function of the
stress ratio (R)



Using the Database Search Engine
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X => Alloy Is 7050

X => and Property Type Is Fatigue Crack Growth Rate (da/dN vs delta K
X >» and Condition Heat Treatment Is T7451

‘ and v  Alloy - s ~ 0.22MO - |

| Display Results |

+ Aluminum | Id Alloy Data Source Condition Heat Treatment Property Type Environment
12850 7050 AIR FORCE T7451 Fatigue Crack Growth Rate (da/dN vs delta K) LABE AIR
12851 7050 AIR FORCE T7451 Fatigue Crack Growth Rate (da/dN vs delta K) LAB AIR
12852 7050 AIR FORCE T7451 Fatigue Crack Growth Rate (da/dN vs delta K) LABE AIR
12853 7050 AIR FORCE T7451 Fatigue Crack Growth Rate (da/dN vs delta K) LAB AIR
12854 7050 AIR FORCE T7451 Fatigue Crack Growth Rate (da/dN vs delta K) LABE AIR
12855 7050 AIR FORCE T7451 Fatigue Crack Growth Rate (da/dN vs delta K) LAB AIR
12856 7050 AIR FORCE T7451 Fatigue Crack Growth Rate (da/dN vs delta K) LABE AIR
12857 7050 AIR FORCE T7451 Fatigue Crack Growth Rate (da/dN vs delta K) LAB AIR
12858 7050 AIR FORCE T7451 Fatigue Crack Growth Rate (da/dN vs delta K) LABE AIR
12853 7050 AIR FORCE T7451 Fatigue Crack Growth Rate (da/dN vs delta K) LAB AIR
12860 7050 AIR FORCE T7451 Fatigue Crack Growth Rate (da/dN vs delta K) LABE AIR
12861 7050 AIR FORCE T7451 Fatigue Crack Growth Rate (da/dN vs delta K) LAB AIR
12862 7050 AIR FORCE T7451 Fatigue Crack Growth Rate (da/dN vs delta K) LABE AIR
12863 7050 AIR FORCE T7451 Fatigue Crack Growth Rate (da/dN vs delta K) LAB AIR
12864 7050 AIR FORCE T7451 Fatigue Crack Growth Rate (da/dN vs delta K) LABE AIR

M) «f1]23 450 [0 Pagesize|1s ~ 69 5




Specimen Reference Product Test and Data Plot

Basic Information

Data Source: | AIR FORCE

Property | Fatigue Crack Growth Rate (da/dM vs delta k)
Type:

Alloy: | 7050
Environment: | LAB AIR
Date: Heat Nbr:

Humidity: | 104

Kicl: Kich:

Rcl: Rch:
Strength: Temperature: | 75

Ysh: sl

Specimen Reference Product Test and Data

Specimen

Type: | Center Cracked Panel (CCP) (Max Load Specified)

Orientation: | L-T
Width: | 4.001 Thickness: | 0.25

General Specimen Reference Product Test and Data

Form Type: | Plate Thickness: | 0.5



General

Specimen

Reference

Product

Test and Data

Stress Ratio: | 0.55 Specimen Description: Stress Intensity Format:
Composition: Joint Preparation: Wawve Form:
Preheat Temperature: Frequency High: | 10 Interpass Temperature:
Frequency Low: | 0 Postheat Temperature: Percent Reduction in Area:
Percent Elongation: Voltage: Amperage:
Tensile Test Orientation: | 0 Tensile Test Temperature: Heat Input:
Test Standard Year: Test Standard: Travel Speed:
Filler Size/Diameter: Filler Type/Mame: [0 Data Source:
Reduction Method: | 3 Error Criteria: | 000XX301%XX Pressure:
Motch Length: |0 Product Width: | 0 Total Side Groowve Depth:
BEEH
Data Code dAdM Delta K Max Load K Mazx
T 5.036E-08 1.5968 5 0
T 5.684E-08 19634 5 0
T 6.286E-08 20244 5 0
T 8.386E-08 21084 5 0
T 1.085E-07 2.2387 5 0
T 1.2089E-07 2.3699 5 0
T 1.3024E-07 2.509 5 0
T 1.5032€-07 27026 5 0
T 1.6426E-07 28086 5 0
T 1.8681E-07 29852 5 0
T 2157E-07 31908 5 0
T 24705E-07 3.3797 5 0
T 31014€-07 3.6063 5 0




Approach

The data were imported to excel according to

product form, grain orientation, environment,
etc.

A single set of growth rates were selected to
allow a smooth curve to be created using a log-
log interpolation between rate points

The data for each available stress ratio were
manually fit to capture the “average” behavior
using engineering judgment

m-values were calculated at each rate point and
plotted to check for smoothness



Example: 7050-T74

0 0.1 05 0&
R=0 R=0.1 =05 R=0.5

deltak | daldn m [0,0.1] delka ki | dafdn | m[01,05]] dekak ] dafdn | m[0.508]] delkak | daldn
11| 1.00E-03]  0.EEOS91VE 1.65] 1.00E-03] (.EB25994) 1.35] 1.00E-03] 0.6559345 0.555] 1.00E-03
1.73] 2.00E-03]  0.5E433093 167] 2.00E-03]  0.EEIZ212 1.37| 2.00E-03] 0.667Z356 1.01) 2.00E-03
1.762| 1.00E-05]  0GETEEET 1.705] 1.00E-05]  0.7185105 1.445] 1.00E-05] 0.7213435 1.12| 1.00E-05
15| 2.00E-05]  0.52004089 1.75] 2.00E-05]  0.FER2ER] 1.525) 2.00E-05] 0.7ER2TI9 1.23] 2.00E-05
2.015] 4.00E-05]  0.E3ETE4E3 1.55] 4.00E-05]  0.FEERE0] 17| 4.00E-05] 0.7E446E1 137 4.00E-05
2.13| e.00E-05]  0.GI1ETIIE 2.12| e.00E-05] 0.7EE2315 1.85] 6.00E-05] 0.7355754 1.52| &.00E-05
2,357 8.00E-08 053010431 2.52] §.00E-05] 0.7474934) 2] s.00E-08) 08226339 1.7] S.00E-05
2.14| 100E-O7] 053300952 2.65] 100E-0T] QLEZIIE4T 22| 1.00E-07] Q.8103338 1.85] 1L.O0E-OT
42| 2.00E-07] 0.EVEEIZEE 4.06] 2.00E-07] (L5468 TE 5.428] 2.00E-07) 0.75E4708 2.5] 2.00E-07
54| 4.00E-07]  0.EO0F0ST 4.53] 4.00E-07] 05434136 5.75) 4.00E-07) 0.75E4708 3] 4.00E-07
5.45] 6.00E-07] 055432087 52| 6.00E-07] 05536403 4] e.o0E-07] 0.7334132 5,23 6.00E-07
565 5.00E-07]  0.5704596E o.4| §.00E-07] QLET24394) 4.2 5.00E-07] 0.7973995 3.43) 5.00E-07
5.535] 100E-06) 053292291 565 1.00E-06]  0.5551452) 4.55) 1o0E-06)  0.7335158 3.62) 1.00E-06
T.26] 2.00E-06] 051723149 63| 2.00-08] 0.5137EG2 5.2] z.o0E-08] 0.8077I7E 4,56 2.00E-06
3.65] 4.00E-06 054675211 32| 4.00E-06] (L4E05254 £.7| 4.00E-06] (0.5235315 5.7) 4.00E-06
13.75] 100E-05] 054037247 13.1) 100E-05] 05406035 10 1.00E-05] 0.67E7IES T.45] 1.O0E-0Q5
1r.05] 2.00E-05]  0.E302E95 16.4] 2.00E-05] (LE30FOET) 13.2] 2.00E-05) 05320139 3] 2.00E-05
21.075] 4.00E-05)  0LEI03E03 20.4] 4.00E-05] 0BG 17| 4.00E-05] 0.5149453 10.3] 4.00E-05
285 0000 0EBEDSNTE 215 oo00) 0LETTIHEE 2275 0000 04504732 1575 0.000m
35.45] ouooo2]  0EO001EE3S 357 owooo02]  0.ES41081 2.5 o.oooz] 04023242 6] 0.0002
45.45] o.uoo04]  05EHETES 415] 0.0004 05341121 2 5] o.oo04) 0339357 11.75)  Cuoo04
435] onooos] 0.46TE4244 468 nooos] 0517223 35.25) o.ooos] 03022314 16| 0.0008
532 00003 041120836 ol ooo0s] 04738301 36.7]  o.ooos] 02301008 13.15) QL0003
565 ool 039304348 53 oood] 04451245 F5.25 oo 02647213 13.5 0001
6 0.004 03540895 ™ o004]  0.2E16714 45 oo04] 00954423 2041 0.004
G586 0.005] 033563659 i) 000 0. 200354, 50 ooos] Q021617 204 0.00&
HE.5 0.01] 027597825 &2 0.01] 01837045 50.75 001 001083937 20.5 0.01

m (0, 0.3 m (01, 05 m (0.5, 0.8]
66029 neEsEaa] 0555984
0.66435] DEGalel] UG6reed
062739 07e51  nreiaad
062004 07e52EE] 075508
0.65576] 0.76655] U.7644E6
0.69167| 0.reszd| 0785575
06301 0.74rass] nszzead
oEaa0l| 0.653385]  0.510599
067223 0554683 0.75E4R
060031 054544 0756471
055432] nEnied]  n7aien
057046 0672433 0.79vd
053292 0.45514]  0.739516
[ RS IEERE
054675 0460525] 0.5ea692
054037 0540603 0E7ETIE
T RS IR
06a104| 0EE9EIT] 0514346
066033 nevraaa] UaE04TE
0.E0017| 0.E540E] 0402924
0.5649] 0.5a411e] 0.539568
046764] o57Eze| na0zEd
oAt navess|  o.zaoid
0.39306] 0445125 0.z6472l
025409 02657 0095442
033569 0200354 U0z
027598 oasavod] o7

] 01 05 s
RB=0 R=0.1 F=05 RH=0.8
delka K Jdeltakl | delta k ]} delta K
171043 1.E5| 1.35 0.985)
173034 1.E7| 137 1.01
175632 1.705] 1445 112
179371 1.758] 1525 1.23)
1. 99565 1.95| 17 1.37]
217241 212 1,85 1.52]
238265 2.32 2 17
2.73989 2.55 2.2 1.55)
4 25503 4.0E] 2125 2.5
B.12829 4.89 375 3
545039 5.2 4 3.28
B.E4882 B4 42 2.49
BA2112 B.EG 435 3.62
725887 E.3 5.2 4.6
4.73807) 4.2 E.¥ b7
13,7497 13.1 10 7.45
17,0507 164/ 13.2 |
210777 20.4 17 0.9
284503 275 2275 13.75)
24,9503 337 275 15
43,3689 415 325 17,75
43,239 46.3] 3625 15,5
H2.8499 A 3.7 13.15
BE. 1908 53] 38.25 19.5)
TE. 7445 71 45 20.1
87.0319 20 A0 20.4
59,3645 2] 5075 205




Calculating m-values

m = 1+{Ioglo(§K J/I gw(g_ Rziﬂ ifRyandR, =0

K
m :1+|:|0910£A|m<a)(1)“0910((1_ Rl)(l_ Rz))} if R1 < 0and Rz >0

2

m :1—|:Ioglo(:§ma“)/Ioglo(g:FF§2§j:| if R, and R, <0
max 2 1

Note: 0 <m<1



7050-T74 Plate

1.00E-02
& R=0-13819 1.00€-02 & R=0.05-13817
1.00E-03 1.00E- B R=0.05-13932
B R=0-12851 -00E-03 A R=0.05- 13933
1.00E-04 . 1.00E-04 X R=0.05-13934
A R=0-12854 X R=0.05-13818
1.00E-05 1 X R=0- 12855 1.00E-05 ® R=0.05- 13940
' y + R=0.05- 13822
1.00E-06 X R=0-12856 1.00E-06 { - R=0.1-13815
R=0.1- 12519
® R=0-12861 07 -
1.00E-07 - 1.00E-07 - & R=0.1-12519
+ R=0-12863 1.00E-08 B R=0.1-12519
1.00E-08 R=0.1- 12519
= R=0.02-13808 1.00E-09 : R=0.1- 12530
1.00E-09 - R=0.02 - 13808 1.00 10.00 100.00 * R=0.1-12531
1.00 10.00 100.00
1.00E-02 & R=0.4-13812 1.00E-02
¢ R=0.8-13814
1.00E-03 B R=0.4-13812 1.00E-03
_ B R=0.8-13816
1.00E-04 A R=0.4-13931 1.00E-04
X R=0.5-12611 i =0.8-
1 00E.05 1.00E-05 X R=0.8-13830
X R=0.5-12715
1.00E-06 1.00E-06 X R=0.8- 13939
® R=0.55- 12850
1.00€-07 - = Projected
1.00€-07 R=0.55 - 12853 ro)
1.00E-08 R=0.8
1.00E-08 R=0.55 - 12858
cted Re0.5 1.00E-09 .
1.00E-09 ' projected R=0. 1.00 10.00  100.00

1.00 10.00 100.00



da/dN (in/cycle)

1.00E-02

1.00E-03

1.00E-04

1.00E-05

1.00E-06

1.00E-07

1.00E-08

1.00E-09

7050-T74 Plate

Final Curve Fit

Projected R=0

Projected R=0.1

Projected R=0.5

Projected R=0.8

10 100
Delta K



1.00E-01
1.00E-02
1.00E-03
1.00E-04
1.00E-05
1.00E-06
1.00E-07
1.00E-08
1.00E-09

7/050-T7451 Extrusion

R=0.1

+ @ X X H ¢

1.00 10.00

100.00

1.00E-01
1.00E-02
1.00E-03
1.00E-04
1.00E-05
1.00E-06
1.00E-07
1.00E-08
1.00E-09

R=0-12927

R=0.1-14226
R=0.1-14229
R=0.1- 14236
R=0.1- 14242
R=0.1- 14246
R=0.1-14278
R=0.1-12923
R=0.1-12923

R

0.8

0.10

10.00

R=0.4
1.00E-01 © R=0.4-14228
1.00E-02 W R=0.4-14228
1.00E-03 M R=0.4-12921
1.00E-04 /{ R=0.4- 12922
1.00E-05 e : R=0.4- 12931
1.00E-06 - R=0.4- 12931
1.00E-07 g+ R=0.5 - 12944
1.00E-08 H— R=0.5- 12944
1.00E-09 T projected R=0.4
1.00 10.00 100.00

B R=0.8-14237
R=0.8 - 12927
R=0.8- 12932
R=0.8 - 12956
R=0.8 - 14227
R=0.8 - 14281
R=0.8- 12924
R=0.8 - 14277
R=0.8 - 12958
e Projected R=0.8

® X X o



7/050-T7451 Extrusion

da/dN (in/cycle)

1.00E-02

1.00E-03

1.00E-04

1.00E-05

1.00E-06

1.00E-07

1.00E-08

1.00E-09

Final Curve Fit

//

10
Delta K

100

Projected R=0
e Projected R=0.1
= Projected R=0.4
e Projected R=0.8



These curve fits will be included in the
next AFGROW release in the tabular
look-up format



Suggested Materials

2024-7T3511
7175-T74
2024-1T351
2024-T3
7075-T6
17-7PH
2024-T42
AMS6526
7075-T76
7075-T76511
4340
7075-T73



Discussion

Option to store read-only material data files
in the on-line fracture mechanics database



