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Fatigue Crack Growth Characteristic of Extruded High Strength
Al-Zn-Mg-Cu-La System Alloys with High Stress

Corrosion Cracking Resistance
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Fatigue crack growth tests on an extruded Al-8 wt.% Zn-2.5 wt.% Mg-1.2 wt.% Cu-4 wt.% La alloy were
carried out using CT specimens (TL orientation). Crack closure was examined by the unloading elastic com-
pliance technique. The main results are as follows ;

(1) The effect of stress ratio was observed on the crack growth rate, da/dN, vs. stress intensity factor
range, AK, diagram. A higher stress ratio gives a faster crack growth rate at same AK.

(2) Crack closure was observed under the stress ratio=0.1, and its degree was increasing with decreas-
ing stress intensity factor range. On the other hand, it was not at the stress ratio=0.5.

(3) The effect of stress ratio on the second region of da/dN wvs. AK diagram disappeared when the
effective stress intesity factor range, AK.;, was used instead of AK.

(4) The second region of da/dN wvs. AKes diagram for the extruded Al-8 wt.% Zn-2.5 wt.% Mg-1.2
wt.% Cu-4 wt.% La alloy was in agreement with that for the commercial 7075T6 alloy. So, the fatigue crack
growth resistance of the extruded Al-8 wt.% Zn-2.5 wt.% Mg-1.2 wt.% Cu-4 wt.% La alloy is nearly equal to
that of the commercial 7075T6 alloy.

Key words : Fatigue crack growth, Crack closure, Effective stress intensity factor range,
Al-Zn-Mg-La system alloys, High strength aluminum alloy, Extrusion
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Fig. 1. Shape and dimensions of
CT specimen (in mm).
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Table 1. Alloy code, chemical composition and mechanical properties of Al-8 wt.%
Zn-2.5 wt.% Mg-1.2 wt.% Cu-4 wt.% La and 7075T6 alloys.

Chemical composition (wt.%)
Code

Mechanical properties

Zn Mg Cu Cr Mn Fe Si

La Al o8 Goz & E v Kic

25Mg 8.00 | 2.50 | 1.20 — — 0.11 | 0.06

3.70 Bal. 568 516 8.2 68.9 | 0.311 | 21.43

7075T6 5.14 2.52 1.50 | 0.18 | 0.05 0.15 0.07

— Bal. 614 563 8.4 66.7 | 0.311 | 26.63

E : Young’s modulus, GPa.
v : Poisson’s ratio,

o : Tensile strength, MPa.
002 0.2% proof stress, MPa.
& : Elongation, %.

Kic: Plane strain fracture toughness value, MPa+y/m. Crack plane orientation is TL.
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(a) Al-8 wt.% Zn-25 wt. % Mg-12 wt. %
Cu-4 wt. % La alloy.
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(b) 7075T6 alloy.

Fig. 2. Relationship between crack growth
rate and stress intensity factor range.
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Fig. 3. Examples of crack closure observations.
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(b) 7075T6 alloy.

Crack opening ratio AKggf/ AK

Fig. 4. Relationship between crack opening
ratio and stress intensity factor range.
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(a) Al-8wt.% Zn-2.5 wt. % Mg-1.2 wt. %
Cu-4 wt. % La alloy. '
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(b) 7075T6 alloy.

Fig. 5. Relationship between crack growth rate
and effective stress intensity factor range.

Table II. Values of C, m, AKy, and AKessin-

Code Stre_ss c m AKs, AKetem
ratio (MPa+m){(MPaym)

R=0.1 3.23 1.10

25Mg 3.16X1071°%1 | 3.20%!
R=0.5 1.91 1.91
R=0.1 3.55 .

7075T6 1.30X10710%2 | 3 72%2 150
R=0.5 2.34 2.00

% 1: given from Eq. (4), 10°<da/dN <105
% 2: given from Eq. (4), 5X10°<da/dN<10".
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DB RIS AR H IO Sz, fil L Tw
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LTWBETFRENDDS, 37 ailiilhe i ikEs L
DOEBREHEICRT I LIETE TR,
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(a) Al-8wt.% Zn-2.5 wt.% Mg-1.2 wt. % Cu-4 wt. %
La alloy, AK =7.41 MPavm, R=0.1.

(b) 7075T6 alloy, AK =7.08 MPavm, R=0.1.

Fig. 6. Scanning electron micrographs of fatigue

fracture surfaces (crack growth direction is
from left to right).
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(a) Al-8 wt.% Zn-2.5 wt. % Mg-1.2 wt. % Cu-4 wt. %
La alloy, AK =4.17 MPavm, R=0.1.

(b) Al8wt % Zn- 25wt%Mg 12wt%Cu 4 wt. %
La alloy, AK =3.80 MPaym, R=0.1.

(c) 7075T6 alloy, AK =4.00 MPavm, R=0.1.
Fig. 7. Scanning electron micrographs of fatigue
fracture surfaces near the threshold region

(crack growth direction is from left to right).
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