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A Study on Near Threshold and Stable Crack Growth Behaviors
in High Strength Aluminum Alloys
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Abstract

The threshold fatigue crack growth and the stable crack propagation behaviors were studied
in 7017 T 651, 7020 T 651 and 5083 H 115 aluminum alloys. The threshold (A K.,) fatigue
crack growth can be expressed by the eqution A K;»= A Kuo(l—R)", where R is stress ratio,
A Kino is A K:n at R=0 and 7 is material constant. The stable crack growth rate against stress
intensity factor range A K exhibits the trilinear form with two transitions and results of investi-
gation on crack closure phenomena showed that the crack opening stress intensity factor K, is
approximately equal to R Knox+ A Kin.
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Table 1 Chemical composition (wt, %)
Designation Cu Mg Mn Cr Si Fe Ti Zn Zr Ni
7017 T 651 0.20 2.00 0.05 0.35 0.35 0.45 0.15 4.00 0.10 0.10
7020 T 651 0.10 2.26 0.12 0.24 0.14 0.23 0.15 4.48 0.12
5083 H 115 0.10 4.00 0.40 0.25 0.40 0.40 0.15 0.25
Table 2 Mechanical properties
. . Yield strength Tensile strength Elongation
Designation o, (kgf/mm?) o (kgt/mm?) £(%)
7017 T 651 44.59 49.68 13.80
7020 T 651 34.93 39.44 15.48
5083 H 115 26.70 33.73 20.11
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Fig. 1 Near-theshold fatigue crack growth rate vs

stress intensity factor range in 7017 T 651
aluminum alloy
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Table 3 Threshold stress intensity faetor range
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Designation Kino(kg/mm??) r
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Fig. 3 Near-theshold fatigue crack growth rate vs
stréss intensity factor range in 5083 H 115
aluminum alloy
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Fig. 5 Fatigue crack growth rate vs stress intensity
factor range in 7017 T 651 aluminum alloy
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Fig. 6 Fatigue crack growth rate vs stress intensity
factor range in 7020 H 651 aluminum alloy
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Table 5 da/dN=C(AK)™
Stress
. . Reg- : A K range
Designation ion ra%on (kg/mm??) da/dN range{mm/cycle) C m
0.1 [14.12£ AK £23.04 11.75%10°%<da/dN £1.74X107° 5.53Xx10°? 4.77
e 0.3 [12.37<AK4£22.69 |1.64%107%£Lda/dN £2.71X1078 1.62x107" 4.59
0.4 |10.69£AK £20.05 [1.64%X107%Lda/dN £2.56x107° 4.77X1072 4.40
0.1 [23.04<AK£29.65 |1.74X107°L da/dN £1.54x10~* 2.86X10"'7 | 8.65
7017 T 651 |1 as 0.3 [22.69< AK£27.59 |2.71%X107 %4 da/dN £1.50%X10™* 3.71x10°Y 8.75
0.4 |20.05£ AK<£25.39 {2.56X107°<Lda/dN £1.54%x107* 2.97X107'® 7.63
0.1 129.65<£AK 1.54X107*<da/dN 1.88x1078 2.66
I, 0.3 [27.59<€AK 1.50X107*<da/dN 5.77%x10° 2.37
0.4 {25.39£AK 1.54%X107 %< da/dN 3.32x1077 1.90
1 0.1 |14.95£2 AK £24.59 {2.16X107°L da/dN £1.46X107° 9.48x10°1! 3.73
N 0.4 |10.63£AK<£19.56 {1.92X107%£da/dN £1.27%X107° 1.30%x107° 3.09
7020 T 651 | 1 0.1 [(24.50£AK«£31.37 |1.46%X107°£da/dN £1.20%10™* 1.32%x107Y 8.66
e 0.4 |19.56<£ AK £23.10 11.27X107%<da/dN £1.60X10™* 1.20x1072 (12.41
I 0.1 |31.37£AK 1.20%1074L da/dN 6.50x10"1° 3.52
o 0.4 {23.10€£AK 1.60X107 ‘£ da/dN 3.79%1078 2.51
1 0.1 |12.27€ AK £22.59 [1.38X107°<da/dN £4.68X107° 4.15x107" 4.47
¢ 0.4 |11.31£AK<£13.36 12.12X10° <L da/dN £2.08X107° 9.35X107!2 4.75
5083H 115 | T 0.1 [22.59£AK £25.26 |4.68%10°5<da/dN <£1.13X10™* 8.06x107® 7.95
e 0.4 |13.36£ AK £22.11 12.08X10°<£da/dN £1.29%X10™* 1.22X107'® 8.20
I 0.1 {25.26€£AK 1.13X10*< da/dN 1.04x10°8 2.88
* | 0.4 |22.112AK 1.29%10"*< da/dN 3.88X10™° | 2.62
Table 6 da/dN=C (AK—AKw)™
Desiqunation %gfl (Alf@fnﬁz{)a“ge d(ax{gnl\/fc;zlee C’ m AKen
I. | 2.37280K—AKa< 8.67)2.40X107°<da/dN£1.21X107° | 7.99%X107" |1.26 AKo=
70177651 | Lo | 8.672AK~AK®<19.10[1.21X107°& da/dN£2.56X107* | 2.91x107° 13.86 14.06(1— R)0™
I, [19.102AK—AKuw 2.56X107< da/dN 1.16x10°° [1.83
T | 1.022AK—AKw<11.91] 9.34X107"2da/dN£8.98X107* | 9.19%107" [0.92 AKo=
7020 T651 | Do |11.91£AK —AKn222.80|8.98X10°° £da/dN£2.05X107 | 5.85X107" | 4.82 13.07(1~ R)®45
Is |22.80ZAK—AKum 2.05%10™* £da/dN 2.18X1077 |2.19
Io | 41040K—AKa< 9.202.86X107£da/dN 15010 | 1.54%107 | 2.06) o _
5083 H115 | Nas | 9.224AK — AKw<14.58]1.50X10754da/dN £1.23X107 | 5.46X107"° | 4.60 10.95(1— R)0%
I, |14.58¢AK—AKu 1.23X107*4da/dN 5.49X1077 |2.02
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Fig. 9 Fatigue crack growth rate vs AK— A K in
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