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Figure 7.4: A Kitagawa-Takahashi type plot derived using short and long crack growth

equations.
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Figure 7.5: Fracture surfaces ; i -
. > Surlaces b F; e 'Q 3 > » o/ =
g € aces of air fatigue test specimen ; AT = 915 MPa
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120pm

Figure 7.6: Fracture surfaces of air fatigue test specimen; A7 = 1106 MPa
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100pm

_90pm

Figure 7.7: Fracture surfaces of corrosion fatigue test specimens;

(a) At = 404 MPa, (b)&(c) Ar = 900 MPa.



(b) 120pm

Figure 7.8: Fracture surfaces of intermittent air fatigue/corrosion fatigue

specimens; (a) At = 815 MPa, (b) AT = 900 MPa.
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Figure 7.9: Fracture surfaces showing crack initiation sites of tensile specimens

tested under various conditions.
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Figure 7.10: Fracture surfaces of tensile specimens tested under various

conditions.



Appendix A

Elastic-Plastic Fracture Mechanics




Crack tip Opening Displacement, §, is a direct measure of the state of the crack
tip material in terms of a parameter closely associated with it. It is, however, very
difficult to measure directly, but its value can be inferred from standard tests laid
out in BS5762 [A1].

Using the Dugdale crack model, the crack tip opening displacement (CTOD)
for a crack of length 2a in an infinite thin plate subjected to uniform tension 6 in

a material where plastic deformation occurs at the crack tip is given by [A2]:
6= §;r%f'iln(sec5’{}”) (A1)

éxpanding the secant term and keeping only the first term results in

7020 ‘
6=% (A2)
At very low stresses the above equation may be siinpliﬁed to give
b= g, —(A3)

The strain energy release rate expressed by equation (Ad);

‘ ka=;"'°E‘J’2 ' ‘ (A4)

may be defined as the rate of transfer of energy from the elastic stress field of e 5

the cracked structure to'the inelastic ptocess of étack extension ka.ndyreptreséntétlkie | ‘
crack extensmn force 'I‘he cntxcal value of G’ wh1d1 makes the crack propagate to
| fracture, @, is called the fracture toughness of the materlal

Dividing the above equation by, a, we get

G _ me?
ey Eoy




Now we can write it as;

Therefore, unstable fracture occurs when
Gic = Aoy é.

The factor A depends upon the exact location at which CTOD is determined. It
~ has been suggested [A3] that ,\"aﬁ 2.1 provides compatibility with LEFM conditions
and that A a2 1.0 applies to cdnditions of extensive plasticity.

In order to ovércome the difficulty of measuring axid pr’edictikng ctack tip dpen-
ing dlsplacements, an a;t;troxxtnate method of charactensmg the crack tip plastxc |
kzone may be sought by usxng the J - contour mtegral [A4] It is based on the
finding that for a two - dimensional crack situation, the sum of the strain energy

density and the ‘wor’k terms along a path quplételyr enclqsing the cymck tip are .
'independertt of thé_ path té,ken. Thié,’is shown in tighre 1 | | |
The energ& line integt'al J ‘is defined for either eléstiq or elvasti<;~plasti'c behaviour

as follows: ‘
B J:fr(WdyeT%sds)f

| where W is the strain energy densxty, Tisthe path of the mtegral Wthh encloqes‘

the crack Tisa tra,ctxon vector normal to the mtegral path u is the dxsplacement




vector, ds is an increment of the contour path and T(%%ds) is the rate of work
input from the stress field into the area enclosed by T'.

Being path-independent the J-integral can be determined by suitable stress
- analysis where ¢ and e are established by finite element analysis around the con-
tour enciosing the crack, Since J is path-independent we may choose the most
convenient path, usually the specimen boundary.

The J integral can be interpreted as the potential energy difference between
two identically loaded non-linear elastic specimens having slightly diﬁ'erent crack

lengths. This is illustrated in figure 2. From this it follows that
J= -Ga

J uniquely characterizes the crack tip field under elastic- plastic conditions,
-provided there is some strain hardening. Furthermore,lfor small scale,yielding J

~can be directly related to the st’ra;in energy release rate, G, and hence to K i.e.

‘J:G=%."

Despxte d1ﬂicultxes in estahshmg the prec1se mea,mng of J as apphed to a de« L |

scrxptxon of the growth of cyclxcally stressed (non-statlonary) cracks. Dowlmg [A5] o
and Dowhng and Beglay [AG] proposed a power law correlatxon of fatlgue crack T

growth rates under elastlc-pla.stxc conditions to the range of Ti. e

?d%O((AJ)m

Provxded such a.naly sis is fundamentally Justxﬁed the use of AJ does Present af? !

first approach to chaxacterxzxng the growth of short cracks whxch axe comparablei :




in size to the extent of local yielding. However the validity of the AJ is often
questioned since it appears to contradict a basic assumption in the aeﬁnition of
J — that the stress is propotional to the current plastic strain [A4]. This follows
because J is defined from the deformation theory of plasticity, which does not allow
for the elastic unloading and non-proportional loading effeéts which accompany
crack advance [A7].

Crack tip opening displacement is used as an alternative treatment of elastic-
plastic fatigue crack growth, which is not subject to the restriction required by
non-linear elasticity. It is feasible to correlate rates of fatigue crack growth to the

range of §, i.e. the cyclic CTOD, Aé,

4 o A6 (elastic-plastic)
dN o« QA"K; (linear elastic)

Approaches based on J and § are basically equivalent for proportional loadihg
and are of course valid under both elastic-plastic and linear elastic coﬁditions.
,Therefore'thf’:y are generally apphcable to a continuum descfxptxon of the growth
rate behaviour of cracks that are considered small because their sxzeb is comparable
with the scale of local plasticity. For such short cracks the use of EPFM rather than
LEFM may thus be expected at 1egst in part to normalize differences in béhziﬁouf |
between long and short cracks. However, the short crack problem is not simply
a break down in the apphcatxon of LEFM since the use of elastlc-pla,stlc a.nalyses‘

cannot totally norrna.lxze differences between short and long cracks, Although

elastic-plastic analysis is certziinly important, differences in the behaviour of long

4



and short cracks can also be attributed to the microstructural, environmental and
closure effects [A8].
References:
[A1] British Standard BS 5762, 1979.
[A2] G. T. Hahn and A. R. Rosenfeld: (1965) Acta Metall., 13, p. 293.
[A3] A. A. Wells: (1970) Eng. Fract. Mech., 1, p. 399.
[A4] J. R. Rice: (1968) J. Appl. Mech., 35, p. 379.
[A5] N. E. Dowling: (1976) in Cracks and fracture, STP 601, ASTM, p. 96.
[A6] N. E. Dowling and J. A. Beglay: (1976) in Mechanics of crack growth,
STP 590, ASTM, p. 82.
[A7] J. W. Hutchinson and P.C. Paris: (1979) in Elastic-plastic fracture, STP
668, p. 37.

[A8] S. Suresh and R. O. Ritchie: (1984) Int. Met. Rev., 29 (6), p. 445.

Load P

T

Displacement 8

Fig. 1: Sketch of I contour drawn around Fig. 2: Physical interpretation
a crack tip to define the J-integral . of the J-integral.
Note: B is the specimen thickness.



Appendix B

Crack Growth Modelling - Determination of Coefficients




The constant C,, in equation 6.1 was calculated using experimental data points
of crack length and crack growth rate which exhibited a deceleration in growth
with an increase in crack length by applying the following expression assuming

that equation 6.1 is valid;

da

Cm =

di-aa

In this study this condition arose when a crack was progressing towards a mi-
crostructural barrier, i.e, a prior anstenite grain boundary. The values of this
constant calculated for different cracks at a particular stress level, showed some
variation due to the variation in crack speed, this in turn is related to the mi-
crostructure i.e, grain size and orientation. Later a power law regression was
applied to the derived values of C,, and the total shear strain range (A+;) appro-
priate to thatvconstant thereby giving the values of A and « as given in equation
6.2. The expe-rimen’tal results indicated that there’ was a variation in deceleration
of cracks while approaching each prior auétenite grain Boundéry up to an average
- of four prior austenite grains suggesting this as the limit of the short crack regime,
Therefore by repeating ;he above procedure constants A and a were calculated for
each priorv austénite grain and heﬁce four equatibns Qere devéloped ‘td ;epfesent :
short crack gowth. These constants for iﬁdividual grains aré given iﬁ section 6.2.1.

The coefficient for long crack growth equation, Cj,, given in the equatiém 6.4
was taken as the sldpe of linear regression drawn through }Siots of crack length

versus crack growth rate data (linear) for cracks showing an acceleration in gfthh ,

for lengths greater than the dominant microstructural barrier, d,,. The constant, = S

Cla, representing the failure/major crack was determined for each stress lével.: This



enabled the determination of the constants B and 8 given in equation 6.5 again
adopting a power regression analysis to the data of C}, and total shear strain range.

The constant, Cj, used in the pit development equation (Eq. 6.8) for corrosion
fatigue crack growth modelling was determined using the approach discussed above
for C,, determination. The only difference in this case was the use of a transition
length; ay, representing transition from pit growth to mode I cracking which in

this case corresponded to the first prior austenite grain.



Appendix C

Air Fatigue Crack Growth Results




Air fatigue crack growth data; Test No. : AF14;
At = 1106 MPa, Ayt=2.22%, Nj= 66,300

| No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“p wgn “ag,” “da/dN”
(um) (um/cycle)
e
Crack No. |

000 00 19.5 7.79 x10°2

500 39 50.5 4.60 x10'2
1000 62 65.0 5.99 x1073
2000 68 69.5 1.50 107>
4000 7 73.0 2.00 107
6000 75 90.0 5.00 x 10’3
12000 105 116.5 115 XIO'Z
14000 128 130.0 9.99 107
18000 132 132.5 5.00 x10‘4
20000 133 139.5 6.49 x10°3
22000 146 153.0 6.99 x 10'3
24000 160 163.0 3.00 1073
26000 166 171.5 5.50x10°3
28000 177 193.5 1.65 x10°2
30000 210 2140 400 x10°3
32000 218 230.0 1.20 x10-2
34000 242 2470 3.33 x10°-3
37000 252 271.5 1.30x10°2
40000 291 : 308.0 1.13 x10-2
43000 325 338.5 9.00 x10-3
46000 352 4275 3.77 x10°2
50000 503 , 606.0 ‘ 5.14 x10-2
54000 700 7925 835 x10-2
56000 876 9865 ©0.1105000
58000 1097 1406.0 0.206000
61000 1715 2375.0 0.6600000
63000 ' 3035 — -




Air fatigue crack growth data; Test No. : AF14;
At = 1106 MPa, Ayt=2.22%, Nj= 66,300

No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“N” “g” "aav" “da/dN”
(um) (um , (um/cycle)
[— e —
Crack No, 2
000 00 475 0.1900000
500 95 106.0 4.40 x1072

1000 117 123.0 1.20 x1072
2000 129 136.0 1.40 x10°2
3000 143 144.0 2.00 x10’3
4000 145 152.5 1.50 x10°2
5000 160 178.5 1.23 x1072
8000 197 208.0 5.50 x1073
12000 219 229.0 1.00 x10°2
14000 239 245.0 3.00 x10°3
26000 292 296.0 4.00 x1073
28000 300 304.5 4.50 x107
32000 313 315.5 2.50 x10°3
34000 318 3390 1.40 x10°2
37000 360 365.0 3.33 x10°3
40000 370 384.5 9.66 x10-3
43000 399 435.5 2.43 x10°2

46000 472 485.5 6.75 x10-3
50000 499 556.0 2.85 x10-2
54000 613 667.0 5.40 x10-2
56000 721 802.0 8.09 x10°2

~ 58000 883 947.0 426 x10°2

61000 1011 1119.5 ~0.1085000
63000 1228 1383.0 0.1550000
65000 1538 - -




G

Air fatigue crack growth data; Test No. : AF14;
At = 1106 MPa, Ayt=2.22%, Nf= 66,300

[ No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“N” “a” “agy” “da/dN”
, : , (um) (um ) (um/cycle)
, Crack No. 3

0000 00 9.5 237 x10°3
8000 19 30.5 575 1073
12000 42 42.5 5.00 x10°4
14000 43 52.0 450 x10°3
18000 61 61.5 5.00 x10°4
20000 62 79.5 175 x1072

22000 97 114.5 175 1072
24000 132 134.5 5.00 x1074
34000 137 143.0 4.00 x1073
37000 149 179.0 2.00 x10°2
40000 209 234.5 170 x10°2
43000 260 2745 0.66 x10°3
46000 289 328.5 1.97 x10°2
50000 368 4305 112x10°2
54000 493 - 5145 215 x102
56000 536 596.0 5.09 x10-2
58000 656 838.5 0.1216670
61000 1021 1173.5 0.1525000

- 63000 1326 — e




Air fatigue crack growth data; Test No. : AF14;

At = 1106 MPa,

Ayt =2.22%, Nf = 66,300

No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“N* “a” “a,,” “da/dN"”
| (um) (um) (um/cycle)
Crack No. 4

0000 00 29.5 737 103
8000 59 715 6.25 x10°3
12000 84 90.0 5.99 x10°3
14000 96 101.0 2.50 x10°3
18000 106 107.5 150 x10°3
20000 109 113.0 4.00 x1073
24000 123 1250 9.99 x10°4
28000 127 129.0 200 x10°3
30000 131 134.0 3.00 x1073
32000 137 139.0 2,00 x10°3
34000 141 1515 6.99 x10°3
37000 162 1725 6.99 x1073
40000 183 188.0 333 x10°3
43000 193 217.5 1.63 x10°2
46000 242 282.0 2.00 x10-2
50000 322 350.5 1.42x10°2
54000 379 396.0 1.70 x10-2
56000 413 466.0 530 x10°2
58000 519 583.5 430 x1072
61000 648 837.0 0.1890000
63000 1026 1319.5 0.2935000
65000 1613 — —




Air fatigue crack growth data; Test No.

.
*

AF15;

At = 1008 MPa, Ayt=1.57%, Ni= 577,500

No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“N” “g” “a,,” “da/dN"
(um) (um) (um/cycle)
Crack No, |

0000 00 10.0 133 x10™
150000 20 71.5 1.15 x102
160000 135 140.0 5.00 x10™
180000 145 150.0 9.99 x10™
190000 155 156.0 3.07 x10°
255000 157 161.5 9.00 x10™
265000 166 1675 150 x10™4
285000 169 176.5 7.49 x107

© 305000 184 188.0 4.00 x10
325000 192 202.5 1.05 x1073
345000 213 2175 4.50 x10™
365000 222 233.0 578 x10™
403000 244 262.5 3.03 x10°3
415000 281 288.5 150 x10°3

425000 296 303.0 7,00 x10°

445000 1310 316.5 8.66 x10
460000 330 3305 150 x1073
480000 380 3940 a6 <103
486000 408 416.0 B 4.00 XIO'S
490000 424 4515 66 %107
505000 4719 5165 150x1072
510000 - 554 5940 g0 a0 2l
515000 634 6715 150 x10°2

-~ 520000 .709 774.5 i 2.62 ,'(10'2
525000 840 8540 5601073
530000 868 9610 3725102
535000 1054 11665 449 x10°2
540000 1279 13345 - 5.54 %1072
542000 - 1390 L 14895 904 %1075
544000 . 1589 S 1708.0 793 %107%
547000 s 19465 Cq06x102

- 550000 - 20660 22990 | 02330000
1552000 2532 12776.0 ©0.2440000
554000 3020 32780 02580000
556000 3536 45240 0.4942500
560000 5513 ~. .




Air fatigue crack growth data; Test No. : AF15; "
At = 1008 MPa, Ayt=1.57%, Nfi= 577,500

No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
AN “g” “a,,” “da/dN"
(um) (um) gum/cycle)
Crack No. 2
0000 00 07.0 233 x10™
60000 14 20.0 120 x10°3
70000 26 30.5 9.00 x10™4
80000 35 35.5 9,00 x10°5
90000 36 36.5 5.00 x107
110000 37 37.5 6.66 X107
125000 38 52.5 8.28 x10™
160000 67 79.0 5.99 x10™
200000 91 105.0 2.80 x10°3
210000 119 1270 7.99 x10°
230000 135 135.5 8.33 x107
242000 136 1430 - 1.07 x1073
255000 150 159.0 1.80 x10°3
265000 168 168.5 5.00 X107
285000 169 179.0 - 9.99 x107
305000 189 150.0 204 x107
403000 191 1915 4a2x10t
410000 192 1935 599 x1074
415000 195 197.5 5.00 x107
425000 200 2360 3.60 x10™
445000 m 2740 S 500x107
525000 276 276.5 370107
552000 277 277.5 3.70 1075
579000, 278 . e Rl SRR
Crack No. 3
o000 00 80 160 %107
10000 16 - 420 1.04 x1072
15000 68 70.0 266 X104
30000 77 770 222x0
75000 R 86.0 32004
100000 90 905 285x10°0
135000 91 985 215 %104
265000 - 106 1065 s12x106
460000 107 — IR setitching




Air fatigue crack growth data; Test No. : AF15;
At = 1008 MPa, Ayt=1.57%, Nf= 577,500

No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“N” “a” “ag,” “da/dN”
(um) (um) (um/ecycle)
Crack No. 4
0000 00 22,0 8.80 x10™
5000 44 50.5 6.49 x10™
25000 57 57.5 9.99 x10°
35000 58 70.5 6.25 x10™4
75000 83 87.0 3.20 x107
100000 91 95.5 2.57 x10°
135000 100 107.5 230 x107
200000 115 118.0 7.05 x107
285000 121 121.5 125 x107
365000 122 123.5 2.85 x10°3
470000 125 136.0 6.28 x10°4
505000 - 147 153.0 1.62 x10°4
579000 159 - -
Crack No. §

0000 00 6.0 1.84x107%
65000 12 25.0 1.73 x1073
80000 38 38.5 9.99 x107>
90000 39 425 - 7.00 x1074
100000 46 49.0 1.71 x10°
135000 52 57.0 7.69 107
265000 62 63.5 1.53 %10
460000 65 65.5 153 x107
525000 66 66.5 1.85 x10°3
570000 67 - —~




Air fatigue crack growth data; Test No. : AFS;
At = 915 MPa, Ayt=1.24%, N¢= 4,850,800

No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“py “gw “a,,” “da/dN"
(um) um) (um/cycle)
Crack No, 1

0000 00 43.0 1.10 x107
780800 86 87.5 2.18 x10°6
2155800 89 108.5 8.66 %107
2605800 128 128.5 2.22 x10°°
3055800 129 129.5 2.12 x10°
3525800 130 1510 8.48 x107
4020800 172 175.5 9.99 x10°4
4090800 179 189.0 4.44 x10™
4135800 199 204.0 1.17 x10°
4220800 209 2115 7.14 x107
4290800 214 216.0 4.70 x10°3
4375800 218 226.5 242 x107
4445800 235 2435 1.21 x10°4
4585800 252 293.5 5.53 x10™
4735800 335 352.0 1.13x1073
4765800 369 615.0 1.09 x10-2
4810800 861 2630.0 0.1415200
4835800 4399 — =

Crack No. 2

000000 00 36.0 665 1103
780800 52 52.5 7.27 x10°
2155800 53 L5 8.22 x107
2605800 90 915 6.66 x100
3055800 93 195.5 1.06 x10°
3525800 o8 101.0 1.21 x1079
4020800 104 104.5 142 x107
4090800 105 105.5 222 x10°
4135800 106 106.5 117107
4220800 107 108.0 2.85 x107
4290800 109 - -




Air fatigue crack growth data; Test No. : AFS;
At = 915 MPa, Ayt=1.24%, Nf= 4,850,800

No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“py “g “a,,” “da/dN”
(um) (um/cycle)
Crack No. 3
000000 00 24.0 6.14 X107
780800 48 52.5 6.54 x10°6
2155800 57 57.5 57 51076
2605800 58 59.0 444 21076
3055800 60 65.0 212 x1073
3525800 70 100.0 122 x10°4
4020800 130 130.5 142 x107
4090800 131 1315 2.22 x1073
4135800 132 133.5 3.52 x107
4220800 135 136.0 2.85 x107
4290800 137 — -
Crack No. 4
000000 00 - 500 1.24 x10™
780800 100 100.5 7.27 x107
2155800 101 1015 2.22 x10°0
2605800 102 102.5 2.22 x10°6
3055800 103 103.5 2.12 x10°0
3525800 104 - 1055 6.06 x10°
4020800 107 1075 1.42 x107
4090800 108 108.5 2.22 x10°3
4135800 109 112.0 7.05 x1073
4220800 115 116.0 3.88 x1070
4735800 117 117.5 9.09 x10°6
4845800 118 — el




Appendix D

Corrosion Fatigue Crack Growth Results



Corrosion fatigue crack growth data; Test No. : CF4;
At = 900 MPa, Ayt=1.20%, Nf= 77,000

No. of Cycles Crack Length Av. Crack Crack Growth
Rate
“p “gw “da/dN"
(um) (um/cycle)
Crack No. 1

0000 00 22.0 8.80 x10™
5000 44 49.5 2.20 x10°3
10000 55 64.0 3.60 X107
15000 73 79.5 2,60 x10°3
20000 86 91.5 2.24 x1073
25000 97 118.0 8.39 x10°3
30000 139 176.5 1,50 x1072
35000 214 235.0 8.39 x10°3
40000 256 281.0 1.00 x10°72
45000 306 335.5 118 x10°2
50000 365 4280 2,52 x10°2
55000 491 528.0 1.48 x1072

60000 565 60L0 1 jaax10?
65000 | 637 691.0 2.16 x10°2
70000 L = =

Crack No. 2

0000 00 215 8.59 x10™3
5000 43 60.5 6.99 x10°3
10000 | 78 80.0 7.99 x10"
15000 82 945 | s00x103

20000 107 136.5 118 x10°2
25000 166 196.0 o 120x10%
30000 226 256.5 1.22 x1072
35000 287 334.5 1.90 x10°2
40000 382 414.5 130 x10°2
45000 447 - : =




Corrosion fatigue crack growth data; Test No. : CF4;
At = 900 MPa, Ayt=1.20%, Ni= 77,000

No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“N*” “a” “agy” “da/dN”
(um) (um/cycle)
Crack No. 3
5666 00 16.0 6.39 x10°
5000 32 37.0 2.00x10°2
10000 42 74.0 128 x10°2
15000 106 110.5 180 X107
20000 115 138.5 9.39 x10°3
25000 162 190.0 112 x10°2
30000 218 2420 9.50 x10°
35000 266 3110 1.80 x10°2
40000 | 356 403.5 1.90 x10°2
45000 451 500.0 ' 1.96 x10°2
50000 549 635.0 343 x10°%
55000 721 816.5 3.82 x1072
60000~ oz 10080 | 38341072
65000 R (I 1256.5 6.10 x10°2
70000 1409 1630.5 1 exmxi0?
77000 | 1852 e e
. Crack  No. 4 , ' :
6000 G0 ERtE 460x107
5000 3 25.5 | 9.99 x10%
10000 8 315 140 x102
15000 35 80 1.20x10°
£ 20000 e 520 440 %107
25000 63 TS 6.60 X103
30000 96 915 599 x107
35000 g9 1225 9.39 x10™
40000 e 146 01690 i R 9'1'9 X10'3
45000 S U R 2340 168 %1072
soo00 | 26 330 b g X107
7 55000 ' 350 ‘ 3975 0 : 1.9()x10'2 E
60000 S ass S 40 1e2x1072
65000 s L 60 400x102
0000 | a0 89100 | aagxi02
77000 Coaoa - e




Corrosion fatigue crack growth data; Test No. : CF4;
At = 900 MPa, Ayt=1.20%, Nf= 77,000

No. of Cycles Crack fEngth Av. Crack Crack Growth
Length Rate
“N “g “ay,” “da/dN”
| wm) (um)
Crack No. 5
0000 00 13.0 520 x10°
5000 26 33.0 2.80 x10°
10000 40 46.0 2.40 x10
15000 52 56.5 1.80 %1073
20000 61 74.5 5.39 10
25000 88.0 124.0 44 2102
30000 160 163.0 1.20 x1073
135000 166 197.5 1.26 x10°2
40000 229 255.5 1.06 x10°2
45000 282 3325 2.02 x10°2
50000 383 429.0 1.84 x10°2
55000 475 545.5 2.82 x10°72
60000 616 750.5 537x102
65000 885 10080 402x10%
70000 1131 1296.0 a7x10%
77000 1461 e -
f Crack  No. 6
5660 00 175 6.99 X100
5000 35 40.5 220x1073
10000 46 555 380 x107
15000 65 LS L 2.60x1073
20000 78 83.5 Coa20xi0
25000 89 98.0 Ca60x10
£ 30000 107 1285 859 x10°
35000 150 180.5 1221072
40000 211 2450 Cl36x107%
45000 279 3220 C172x102
50000 365 4190 2,16 %1072
55000 473 5345 246 %102
60000 596 6540 2,32 x10°2
65000 M2 8180 w0l
20000 924 1835 - 7.41 x10°2
77000 1443 — —-




Corrosion fatigue crack growth data; Test No. ;: CF4;
At = 900 MPa, Ayt=1.20%, Nj= 77,000

T No. of Cyc:leﬂsﬂ= Crack Length Av. Crack Crack Growth
Length Rate

“N” “g " “ag,” “da/dN"

(nm) (um) (um/cycle)

——
Crack No.7
0000 00 3755 110 %102
5000 55 60.0 2.00 1103
10000 65 85.5 219 x10°3
15000 106 1315 102 x10°2
20000 157 176.5 780 x10°3
25000 196 249.0 2.12 x1072
30000 302 373.5 2.86 x10°2
35000 445 529.0 3.36 x10°2
40000 613 702.5 3.58 x10°2
45000 792 918.5 5.06 102
50000 1045 1177.5 530 x10°2
55000 1310 —. —
Crack No. 8 ,

0000 00 14,5 <7 x10°3
5000 29 33.5 180 x10°3
10000 38 385 200 104
15000 39 415 099 x10
20000 44 44.5 200310
25000 45 51.5 260 x10°3
30000 58 62.5 180 x10°3
35000 67 74.0 280103
40000 81 96.0 500 x10°3
45000 11 130.5 780 x10°3
50000 150 178.5 114 4102
55000 207 269.0 58 x102
60000 331 — —




Corrosion fatigue crack growth data; Test No. : CF1;
At = 817 MPa, Ayt=1.03%, Nf= 107,000

Crack Length

No. of Cycles Av. Crack Crack Growth
: Length Rate
“n g “a,y" “da/dN”
~(um) (um) (um/cycle)
Crack_No. |
0000 00 7.5 3.00 x10°
5000 15 200 2.00 x107
10000 25 28.5 1.40 x1073
15000 32 41.0 3.60 11073
20000 50 61.5 4.60x1073
25000 73 92.5 3.80 x107
30000 112 116.0 1.60 107
35000 120 144.0 9.59 x10™
40000 168 189.5 8.50 x10°™
45000 211 229.5 740 x107
50000 248 265.0 6.80 x10™3
55000 282 303.5 8.59 X103
60000 325 355.0 1,20 x10°2
65000 385 419.0 136 x10°2
70000 453 486.0 132 x107
75000 519 566.0 1.88 x10°2
80000 613 683.5 2.82 x10°2
85000 754 834.5 321 %1072
90000 913 ~ = =
‘ Crack No. 2 ~ :
0000 700 26.0 104 x10°4
5000 52 655 5.39 107
10000 79 915 740 %1073
15000 116 1240  300x107
20000 k) 1405 340 x107
25000 149 1595 419 x1073
30000 170 1865 6.60x10°3
35000 203 235 B19x107
40000 244 2110 CLogx10?
45000 298 3L 939 x107Y
50000 - 2345 362.0 ,6.8()xl,0'31 .
5000 319 4045 | 102 x10°2
. 60000 430 - 4700 - 1,60 x1072
65000 510 546.5 146 %1072
70000 583 6230 160102
75000 663 Somns C2a8x10%
80000 772 8440 288 x102
85000 916 1004.5 384 %107
00000 1093 - S e




Corrosion fatigue crack growth data; Test No. : CF1;
At = 817 MPa, Ayt=1.083%, Nf= 107,000

No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“N” ‘ “aq" “aav" “da/dN”
(um) (um) (um/cycle)
Crack No. 3
0000 00 30.5 1.22 x10°
5000 61 81.5 8.19 x10°3
10000 102 104.0 7.99 x10°
15000 106 109.0 1,20 x1073
20000 12 1215 - 380x10
25000 131 151.0 7.99 x10°3
30000 171 1910 7.99 x10°3
35000 211 2410 120 x10°2
40000 271 ‘ 300.0 1.16 x1072
45000 329 3620 o 132x107?
50000 395 4215 1.06 %1072
55000 - 448 4895 166 x1072
6000 | 531 581.5 1.02 x10°2
65000 e 729.0 1 387x102
~ 70000 826 9300 416 x1072
75000 034 14Ls ol 43051072
80000 1249 Cso | 528x10°2
85000 1513 » / ' -
‘ Crack No. 4 L e
g0 00 00 400%107
5000 20 210 S a00x1074
10000 2 248 o 099x10%
15000 i ¥0 [ 2s0x0?
20000 41 ] 510 | 4p0x107
25000 6l . 685 o 300x10%
3000 |76 89.5 | s3ox0?
35000 103 C19s se0xlod
40000 1 136 B (3 P A E R 0 T
45000 181 2025 | 620x107
soo00 | 28| 2440 104 x10°2
55000 70 2940 9.50 %10
Ceo000 | ms 80 |y exi0?
65000 ©o38 4510 C212x10%
0000 | sec o f o osds L o0t
Cgso00 - | s | o615 | 42611072
gooo0 |8 | %028 | 418x102
85000 Co1007 | 10855 Co34x107

om0 L e , B




Corrosion fatigue crack growth data; Test No. : CF1;

At = 817 MPa, Ayt=1.03%, Nf= 107,000

T No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“N*” “a” fagy,” “da/dN"
|Wﬁﬂgw =====ﬂml-£-l-m —« —
Crack No. §
0000 00 100 2001103
5000 20 39.0 759 %1073
10000 58 58.5 200 x10°
15000 59 68.5 3.80 x10°3
20000 78 81.5 140 x10°3
25000 85 106.0 819 1073
30000 127 145.5 740 x10°
35000 164 196.0 1.28 x10°2
40000 228 248.0 799 x10°3
45000 268 3100 L68 %102
50000 352 376.5 979 %1073
55000 401 4310 1.44 x1072
60000 473 5230 2,00 x107
65000 73 615.5 1,70 x10°2
70000 658 7015 174 x1072
75000 745 8765 5.26 x10°°
80000 1008 1090.5 - 330x10°2
85000 1173 1291.0 C471x10%
90000 1409 » — —
- Crack No. 6
0000 00 115  460x107
5000 3 395 6.60x107
10000 56 665 419 x1073
15000 77 71.5 : 2.00){10-4 .
20000 78 90.0 S oagex0d
25000 102 1410 Csex0?
30000 180 205.5 St aie
35000 231 2510 200510
40000 o e 2990 5 L2x0?
45000 327 3630 L4 %1072
50000 399 4195 g19x103
55000 440 4740 S e wiod
60000 508 546.5 o ysaxi0r
65000 585 — ST




Corrosion fatigue crack growth data; Test No. : CFS;
At = 601 MPa, Avt=0.73%, Ni= 226,000

No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“N* “a” “dgu” “da/dN”
(um) (um/cycle)
Crack No. 1

5000 12 - 125 2.00 x10°
10000 13 13.5 2.00 x10™
15000 14 15.0 4.00 x10™
20000 16 17.0 4.00 x10°4
25000 18 18.5 2.00 x107
30000 19 19.5 2.00 x107
35000 20 20.5 2.00 x10°4
40000 21 30.5 1.90 x1073
50000 ‘ 40 57.5 6.09 x10°3
55000 75 83.5 3.40 X10’3
60000 SR 100.0 3.20 x10°3
65000 108 1262 7.35 x1073
70000 144 1445 2,00 x1074
75000 145 170.5 1.02 x10°2
80000 196 203.5 3.00 x10-3

85000 211 227.0 6.39 x10°3
90000 243 259.0 6391073
95000 ' 275 ' 301.0 L4 x1072
100000 327 3580 124 %1072
105000 389 408.5 7.80 x10-3
110000 428 466.5 1.54 x10-2
115000 : 505 532.0 - 1.08 x10°2
120000 550 , 508.5 S 1.58x10°2
125000 638 659.5 8.59 x10°3
130000 681 7240 172 x10°2
135000 767 - 8160 1,96 x1072
140000 865 9200 2.20 x10-2
145000 975 1069.5 ©378x10°2
150000 | 1164 \ 13225 3.16 x10°2
160000 1481 ' 17210 4,79 x1072
170000 1961 12238.0 5.54 x10°2
180000 2515 2964.5 8.98 x10-2
190000 . 3414 40045 - 0.118100
200000 4595 - 4836.5 1 9.66x102

205000 . 5078 5210.5 - 530 x10-2
210000 " 5343 5961.5 A1 0023700
20000 6580 - N o




Corrosion fatigue crack growth data; Test No. : CF§;
At = 601 MPa, Ayt=0.73%, Nf= 226,000

No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“N” “" “ag," “da/dN”
(um) (um/cycle)
e e e
Crack No. 2
0000 00 3.5 1.40 x10°
5000 07 1.5 2.00 x10
10000 08 9.0 4.00 x10"4
15000 10 12.0 799 x107
20000 14 17.0 120 %1073
25000 20 28.0 3.20 x107
30000 36 420 240 x10°3
35000 48 67.0 7.59 x10°
40000 86 108.5 4.55 x10°3
50000 131 1315 200104
55000 132 156.5 9.79 10"
60000 181 1980 6.80 x10™
65000 215 215 5.00 x10°
70000 240 251.5 4.60 x10™
75000 263 284.5 8.50 x10°
80000 306 325.0 7.59 x1073
85000 344 356.0 4.79 x10°3
90000 368 390.5 9,00 x10°3
95000 413 430.0 6.80 x10°3
100000 447 479.0 1.28x102
105000 511 531.0 S 799 %1073 -
110000 551 5850 136 x10°2
115000 - 619 644.5 102x1072
120000 670 699.0 Con1ex1020
125000 728 - 7500 880 %1073
130000 772 828.5 2,26 x10°2
135000 885 930.0- 1.80x1072 -
140000 975 +-1008.5 1.34 x10°2
145000 1042 1086.0 1.76 x10°2
150000 1130 12690 2,78 x10-2
160000 1408 1599.5 ~3.82x102
170000 19t 2001.5 CAx10?
180000 212 25545 6851002 0
190000 2897 33790 963 %1072
200000 3861 30885 | sq0x102
205000 4116 42935 C7.09x10°2
210000 T4471 50640 0.118600
220000 5657 e ERNCAROE




Corrosion fatigue crack growth data; Test No. : CFS§;
At = 601 MPa, Ayt=0.73%, Nf= 226,000

[ e
No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“N” “a” “agy" “da/dN"
(um) (um/cycle)
e e e
Crack No. 3
0000 00 1.0 4,40 X107
5000 22 22.5 200 x10°4
10000 X 23.5 2,00 x10%
15000 2% 25.0 4,00 x10°4
20000 26 2715 5.99 x10™
25000 29 30.5 5.99 10
30000 ‘ 32 3.5 599 x10™
35000 35 37.0 , 7.99 x10'4
40000 39 ~ 415 500 x10°%
50000 o4 46.0 7.99 107
$5000 48 50.0 7.99 x10°4
60000 , 52 60.5 | 3.40 x10"3
65000 6 75.0 2.40 %10
70000 81 89.5 3.40 x107
75000 98 o s00x107
80000 - 124 132.5 ’ 3.50 x1003 -
85000 , 141 : - 1415 Sl 200103
90000 R Vo R 1735 126 x10°2
95000 205 | 2070 7,99 x1074
100000 2 Sl 480 | 1sex1072
105000 ). 7] S 2985 460103
110000 310 CMLs 126 %1072
115000 \ 373 3870 5601073
120000 401 4245 939 x10-3
125000 | 448 25 | smex103
130000 4T 5145 150 x10°2
135000 S ss2 5800 | 148 x102
140000 626 6780 S 2,08%102
145000 130 780.5 2021072
1so000 o} 831 © 9375 2851072
160000 | e wBors | 370x1002
1700000 | 1487 | 16690 | 3e4x102
180000 Soo18st | o 208300 | asax10?
190000 2315 : 2548.5 466 x10°2
200000 ) s C 29500 e R102
205000 3118 L o ) L e )




Corrosion fatigue crack growth data; Test No. : CFS§;
At = 601 MPa, Ayt=0.73%, Nj= 226,000

Av. Crack Crack Growth

Crack Length

No. of Cycles

Rate
H’N!! lla w llda/lel
: (um) (um/cycle)

Crack No. 4
0000 00 56.0 528 x10-2
5000 112 112.5 2,00 x10™
10000 113 114.0 4.00 x10°4
15000 115 115.5 200 x10°4
20000 116 117.5 599 x10™
25000 119 1225 140 x10°3
30000 126 1280 © 799x10
35000 130 1310 o a00x10
40000 132 1325 9.99x107
50000 133 1340 ~ 400x10™
55000 N 136.0 4.00 x10°*
60000 K1 1640 - 1.08x10°2
eso00 | 191 , 193.5 ~ 900x107¢
70000 196 o650 L goxip
Cgso00 | L2465 380 %107
- 80000 256 2600 | 520x103
85000 ’ 282 2855 140 x10°3
90000 o289 ) -3ss 1.06 x10°2
95000 R | 3530 4.40 x10°3
100000 . 364 C 4080 | 176x102
105000 SR L/ R 4735 | 859x103
110000 495 5285 Co13ax102
115000 562 : 5780 6.39x10-3
120000 ) 504 Sl 6330 156 x10°2 -
125000 672 Sl 6% L 9 00x100
© 130000 B v A oo 7685 2.06x100%
135000 80 861.0 o1e4x10%
140000 | 902 oS b 190x10?
. 145000 o997 S 1039.0 L1688 x1002
150000 1081 oo | agexi02
160000 1463 16550 S ag3x102
o000 | o187 | 2085 f o 363x10°2
180000 22100 24710 0 ) s, x1072
100000 | o 232 29755 487 x10-2
wo | ame ol mme | dmae?
205000 5 3455 S e g




Corrosion fatigue crack growth data; Test No. CFS5;
At = 601 MPa, Ay =0.73%, Nj= 226,000

No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“N* “a" “agy” “da/dN"
(um) (um/cycle)
e e e e e
Crack No. 5

0000 00 12,0 4.79 107
10000 26 28.0 7.99 x10-4
15000 30 33.0 1.20 x10°3
20000 36 39.0 120 x10°3
25000 42 45.5 1.40 x1073
30000 49 52.0 1.20 x10°3
35000 55 61.0 2.40 x1073
40000 67 72.5 1.10 x10°3
50000 78 81.0 1.20 x107
55000 84 91.5 C3.00x107
60000 99 109.5 4.19 x107
65000 120 120.5 2,00 x10™
70000 121 124.0 1.20 x10°3
75000 127 134.0 280 1073
80000 141 158.5 1 699x103
85000 176 179.0 1.20 x10°3

90000 RS 17 207.0 1.00 x10°2
95000 X)) 1246.5 5.79 x10-3
100000 261 281.5 8.19 1073
105000 ; 302 - 220 , 7.99 x10-3
110000 342 360.0 Co7.20x1003
115000 378 3960 _1.20x1073
120000 , 414 : 445.0 ~ .24 x10°2
125000 ' 476 4915 6.20 x10-3
130000 507 531.0 0.50 x10-3

135000 555 588.0 1.32x10°2
140000 621 6455 9.79 x10°3
145000 ‘ 670 » 7215 © 2,06 x1072
150000 773 867.5 1.89 x10-2
160000 962 10995 275 %1072
170000 137 13355 197 x102
180000 ‘ 1434 1614.5 ‘ 360 x10°2
190000 1795 ' 1986.5 ' 3.82x102
200000 - 2178 2266.0 350 %10°2
205000 : 2354 . — —




Corrosion fatigue crack growth data; Test No. : CF6;
At = 404 MPa, Ayt=0.49%, Nj= 902,000

No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“N ¥ l'ta ” Maavll uda/dN"
(pm) (um/cycle)

Crack No. |
0000 00 6.0 2.40 x1073
5000 12 12.5 L33 107
80000 13 30.5 3.18 x104
190000 48 82.5 726 1074
285000 117 124.5 147 x10°
390000 132 132.5 4.54 10
500000 133 200.5 1.03 x10°3
630000 268 293.0 166 21072
660000 318 370 3.80 x10°3
670000 356 381.5 5.10 x10°3
680000 407 438.5 6.30 x10°3
690000 470 580.0 628 %107
725000 690 800.5 147 x10°2
740000 911 - 9810 140 x10°2
750000 1051 12570 - 2.06x1072
770000 1463 1703.5 2.40 x10-2
790000 1944 - 2065.5 243 x10°2
800000 2187 2309.5 2.45 x10-2
810000 2432 26390  413x10°2
820000 ' ' 2846 ‘ 3049.0 ; 4.05 x10-2
830000 3252 3435.5 3.67 x10°2
840000 3619 3881.5 ' 5.24 x10°2
850000 4144 — -



Corrosion fatigue crack growth data; Test No. : CF6;
At = 404 MPa, Ayt=0.49%, N¢= 902,000

No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“N*» “a” “a5," “da/dN"
(um) (um/cycle)
Crack No. 2
0000 00 7.0 2.80 x10°
5000 14 15.5 2.40 x1077
130000 17 24.0 2.33 x10%
190000 3l 52.0 4.42 x10™
285000 73 84.0 2,09 x107
390000 95 95.5 454x100
500000 96 119.0 3.57 x107
630000 v 152.5 7.00 x107
660000 163 166.5 2,00 x10°4
670000 170 183.0 260 x10°3
680000 196 212.5 330 x10°3
690000 . 229 358.5 740 x10°3
725000 488 502.5 1.93 x10-3
740000 517 571.5 121 %1072
750000 63 758.0 ~120x1073
770000 878 1026.5 1.48 x10-2
790000 1175 1248.5 1.47 x10-2
800000 1322 1353.0 6.20x10°3
810000 1384 1463.5 159 x1072
820000 1543 1647.0 .08 x10°2
830000 1751 1816.0 1.30 x10-2
840000 1881 20575 3.52x10°2
850000 2234 23750 282 x10°2
860000 ' 2516 35430 5.13 x10°2
900000 4570 - -




Corrosion fatigue crack growth data; Test No. : CF6;
At = 404 MPa, Ayt=0.49%, Nf= 902,000

No. of Cycles Crack Length Av. Crack Crack Growth
Length Rate
“N” “a” “ap,” “da/dN"
(um) (um/cycle)
Crack No. 3
0000 00 10.0 2,00 2103
5000 20 21.5 779 x10°0
390000 23 28.5 9.99 x10°5
500000 34 50.0 2.46 x107
630000 66 74.0 533 x10°
660000 82 82.5 9.99 x10™
670000 83 89.0 120 x10°3
630000 95 95.5 2.00 x10°6
690000 96 155.0 3.39 x10°3
725000 214 248.0 4.53 x10°
740000 282 309.0 5.39 x107
750000 336 411.5 7.54 x10'3
770000 487 589.0 102 x10°2
790000 691 7480 L14x1072
800000 805 831.0 - 520x107
810000 857 891.5 6.89 x10°3
820000 926 991.5 131 x10°2
830000 1057 1109.5 , 1.05 x10-2
840000 1162 1229.5 1.35 x10°2
850000 1297 1390.5 1.87 x10°2 -
860000 k 1484 1735.5 1 125x10°2
900000 1987 2058.5 1.78x10°2
908000 2130 - -




Appendix E

Intermittent Air ‘Fatigue/ Corrosion Fatigue Crack Growth Reéults |




Intermittent air fatigue/corrosion fatigue crack growth data;

Test No. : IF6;

AT = 900 MPa, Ay =120%

No. of cycles
N

Crack length

a, um

Av. crack
fav,

length
pm

Crack growth rate

da/dN,  pm/eyele

Crack 1 Crack 2 Crack 1 Crack 2 Crack 1 Crack 2
0000 00 00 48.0 13.0 6.39 x10°° 1.73 x10°%
5000 96 - 105.0 1.20 x1073

30000 114 - 114.5 1.33 x107°
105000 115 _- 115.0 0.0
150000 115 26 116.5 48.0 6.38 x10° 9.36 x107
620000 118 70 118.0 73.0 0.0 272 x107
840000 118 76 118.0 77.0 0.0 125 X107
1000000 118 78 118.0 78.5 0.0 4.65 x10°°
1215000 118 79 118.0 79.5 0.0 3.61 x10°°
1492000 118 80 118.0 80.0 0.0 0.0
1811000 118 80 118.5 80.5 8.77 x10°° 8.77 x10™
1925000 119 81 119.5 81.0 1.00 x107 0.0
2025000 120 81 126.0 94.5 2.40 x10°3 539 x1073
2030000 e | 132 108 133.5 112.0 3.00 x107 7.99 x107
2040000 135 116 1350 | 1240 0.0 1.77 x107
2130000 135 132 135.5 135.5 8.33 x10°6 5.83 x10°3
2250000 136 139 136.0 140.0 - 00 8.51 x10°6
2485000 136 141 137.0 141.0 998 x10-5 0.0
2572500 138 141 139.5 142.0 9.09 x10-5 6.66 x10-5
12602500 141 143 - IRRC. e
2692500 1 322 335.0 2,59 x10-4
2792500 348 348.5 8.69 x10°6
2907500 - 349 350.0 - 6.66 x10°3
2937500 351 359.0 “ .66 x104
2997500 367 372.0 2,50 x10°4
3037500 377 379.5 2.50 x10-4
3057500 382 382.5 2,50 x10°3
3097500 383 384.0 3.33 x10°5 -
3157500 385 - 385.5 7.40 x10-6
3292500 386 386.5 - 1.66 x10-3
3352500 387 387.5 1.66 x10°3 -
3412500 388 - 388.5 3.33 x10°9
3442500 . 389 390.0 .- 3.33 x10-3
3502500 391. 392.0 . 181 x10°3
3612500 393 393.5 1.66 x10°5
3672500 394 405.0 4.00 x10°4
3727500 416 440.0 1.06 x10-3
3772500 464 - 531.5 4.50 x10-3
3802500 —— 599 - 678.5 .- 1.59 x10-2

- 3812500 758 809.0 1.02 x10°2
3822500 860 2306.5 7.23 x10-2
3862500 3753 S - - —

e = Corrosion fatigue cycling.
1= Crack 1 and crack 2 coulesced,




Intermittent air fatigue/corrosion fatigue crack growth data;
Test No. : IF7;

No. of Cycles

At = 853 MPa, Ayt=1.10%
Av. Crack Crack Growth

Crack Length

Length Rate
“N* “a” “ap,” “da/dN”
. (um) (um) (um/cycle)
0000 00 10.0 2,00 2103
5000 20 23.5 4.60 %107
157000 27 28.0 7.99 x10°0
407000 29 29.5 9.52 x107
1457000 30 310 1.98 x10°6
2467000 32 33.0 1.66 x10°°
3670000 34 50.0 6.39 x1073
3675000 e 66 66.0 2.00 x107
3680000 67 67.5 0.99 x10°5
3690000 68 68.5 9,09 x10°
3800000 69 69.5 2.56 k1070
4190000 70 705 145 x10°0
4875000 71 83.0 479 x10°3
4880000 ¢ 95 95.5 2,00 x1074
4885000 96 96.5 9.99 x10°
4895000 97 99.5 136 x1075
5260000 102 102.5 3.57 x10°6
5540000 103 115.5 5.00 x10-3
5545000 e 128 130.5 9.99 x10-4
555000 133 142.5 1.90 x10°3
5560000 152 161.5 949 x104
5580000 171 181.5 7.00 x10°4
5610000 192 202.0 9.99 x10-4
5630000 212 2325 4.10 x10-3
5640000 253 307.0 5.39 x10°3
5660000 361 433.0 - 7.20 x10-3
5680000 503 614.0 1.09 x10-2
5700000 723 1036.5 3.13 x10-2
5720000 1350 2132.5 . 7.82 x10°2
5740000 2915 4724.5 - 0.2412670
5755000 6534 - -

e = Corrosion fatigue cycling,




Intermittent air fatigue/corrosion fatigue crack growth data;

At = 815 MPa, Ayt=1.03%

Test No. : IF4;

No. of Cycles Crack Length Av. Crack Crack Growth
‘ Length Rate
“N” “a “a,,” “da/dN"
(ﬂm) (um) (.um/cyc’e)
e e
00000 00 12.5 2.89 x10°4
86500 25 25.5 4.00 xlO'S
111500 26 35.5 3.80 x10°4
161500 45 51.0 1.26 x10™4
256500 57 69.5 416 x10°
316500 82 82.5 3.70 x10°0
586500 83 83.5 1.55 x10°6
1231500 84 84.5 1.17 107
1321500 e 128 1285 9.99 107
1331500 129 129.5 5.00 x10°3
1351500 130 130.5 333x107
1381500 131 149.0 7.20 x10°3
1386500 e 167 1770 3.33 x10°3
1392500 187 191.0 8.88 x1074
1401500 195 196.0 200 x10-4
1411500 197 198.0 2.00 x10-4
1421500 199 202.0 2,00 x104
1451500 205 2215 6.59 x10-4
1501500 238 269.0 124 %103
1551500 300 334.0 1.36 x10°3

1601500 368 782.5 2.07 x10-2
1641500 1197 2713.0 7.57 x10°2
1681500 4229 - -

e = Corrosion fatigue cycling.




Intermittent air fatigue/corrosion fatigue crack growth data;

Test No. :

IF12;

At = 600 MPa, Ay =0.73%

No. of cycles Crack length Av. crack length Crack growth rate
N a4 um fav, um l da/dN,  im/eycle "
Crack I Crack 2 Crack 1 Crack 2 Crack ] Crack 2

0000 00 00 11.5 12.0 191 x10°5 500 x10°6
11990000 23 24 26.0 32.5 5.99 x10 170 %1073
12000000 e 29 41 29.0 41.0 0.0 0.0
13950000 29 41 33.5 42.5 1.80 %1073 5.99 x10°4
13955000 e 38 44 38.0 44.0 0.0 0.0
14050000 38 44 41.0 58.0 1.20 x10°3 560 103
14055000 e 44 72 44.0 72.0 0.0 0.0
14410000 44 72 50.5 79.0 2,60 x10° 280 x10™
14415000 ¢ | 57 86 58.0 87.0 6.15 x10°6 6.15 x10°
14740000 59 88 62.5 92.5 1.40 x1073 1.80 x10°3
14745000 e 66 97 66.5 99.5 6.89 x10°6 3.44 X107
14890000 67 102 70.5 115.0 1.40 x10°3 5.20 x107
14895000 e 74 128 75.5 129.0 1.22 x107 8.16 x10°°
15140000 77 130 85.5 150.0 3.40 x10° 7.99 x10°73
15145000 ¢ | 94 170 96.5 173.0 8.26 x10°0 9.91 x10°8
15750000 99 176 1 109.5 186.0 419 x10-3 4.00 x10-3
15755000 e 120 196 120.0 196.0 0.0 0.0 -
15980000 120 196 147.0 202.5 .08 x10-2 2.6 x10°3
15985000 e 174 209 175.0 209.0 5.06 x10°6 0.0
16380000 176 209 181.5 209.0 2.20 x10-3 0.0
16385000 e 187 209 188.0 209.0 5.00 x10-6 0.0
16785000 189 209 190.5 210.5 5.99 x10-4 599 x10°4
16790000 e 192 “212 -202.0 - 212.0 2.22 x10-4 0.0 . .
16880000 212 212 212.0 212.0 0.0 0.0
16890000 212 212 —
16900000 1 464 466.0 - 9.99 x10°3
16940000 468 2234.0 141 x10°2
17190000 4000

e = Corrosion fatigue cycling.
I = Crack 1 and Crack 2 coalesced.




