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Effect of Stress Components on Fatigue Crack Growth Rate

under Multiaxial Stress Condition
by

Toshimitsu A. Yokopori*, Takeshi Isocar*, Takeo YOKOBORI***

EE XY

and Yukihisa Kozumr

Multiaxial fatigue tests were carried out to investigate the effect of stress components (Ao, Az,
osi., Tsy) on fatigue crack growth.

The test method was the combined tension and tortion one in phase loading by using thin-walled
hollow cylindrical specimens with pre-cracks. The experiments were carried out under the condition
of equal equivalent stress amplitude, Agea=+ Ac?*+347°

Under the condition of mixed modes, the fatigue crack growth rate increases remarkably with in-
creasing stress ratic. This characteristics is due to the effect of static tensile stress gg, on Az

In this paper, the effect of static tensile stress was incorporated in the constitutive equation of fati-
gue crack growth rate under the mixed mode fatigue condition of Ag and Az. Then, the following
constitutive equation of fatigue crack growth rate including the effects of Ao, Ar, ogg and 7 was
obtained.
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Fig. 1. The effects of stress components on the
fatigue crack growth rate under multiaxial

stress condition.
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(2) multiaxial fatigue condition with the effect
of stress ratio.

(b) tensile (tortional) fatigue condition with
applying static tortional (tensile) stress.

Fig. 2. The definition of os:..
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Table I. Chemical composition (wt %).

Cu Si Fe Mn Mg Zn Cr Ti

0.02 0.15 0.21 0.78 4.73 0.01 0.13 0.01

Table II. Mechanical properties.

Shearing Ultimate

Proof stress proof stress strength Elongation
(MPa) (MPa) (MPa) (%)
152.0 89.2 321.7 22.5

30
25 15 50 15 25
130 I
Roling Direct slit

Fig. 3. Specimen geometry (dimension in mm).
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Table IV. The condition of multiaxial
fatigue test (2).

Sp. No. 7 8
Stress condition s, Ao os., At
R 0 0
a (mm) 1.254 1.626
Ao (MPa) 121.6 0
Ar (MPa) 0 70.21
os. (MPa) 0 13.51
o (MPa) 7.806 0
At/ Ao 0 oo
Ao/ Ay 0 -1.0
¢ 0 45.00°
AKy, (MPam'/?) 9.061 0
AKqo (MPam'/?) 0 4.545
Kiosr, (MPam'/?) 0 0.877
Knost. (MPam'/?) 0.580 0
AKuo/ AKso 0 o

AKj, - Initial mode I stress intensity range component.
AKy, : Initial mode II stress intensity range component.
Kiost. : Initial stress intensity factor of static mode I

component.

1108 HORAG, BE B MBI, REA
Table . The condition of multiaxial fatigue test (1).
No. 1 2 3 4 5 6
R 0.1 0.1 0.1 0.1 0.1 0.1
a (mm) 0.987 | 1.090 | 0.871 | 1.161 | 1.278 | 0.617
omin (MPa) 13.51 | 13.51 | 10.68 | 10.68 | 5.560 0
omax (MPa) 135.1 | 135.1 | 106.8 | 106.8 | 55.57 0
Ao (MPa) 121.6 | 121.6 | 96.11 | 96.11 | 50.01 0
Tmin (MPa) 0 0 4.795 | 4.795 | 7.119 | 7.806
Tmax (MPa) 0 0 47.93 | 47.93 | 71.17 | 78.02
Az (MPa) 0 0 43.15 | 43.15 | 64.05 | 70.21
At/ Ao 0 0 0.45 | 0.45 | 1.28 co
o/ o 0 0 —0.15| —0.15 | —0.47 | —1.0
¢ 0 0" | 20.96" | 20.96" | 34.34" | 45.00°
Kiomin 0.772 | 0.813 | 0.571 | 0.664 | 0.364 0
Kromax 7.716 | 8.131 | 5.713 | 6.643 | 3.639 0
Kuomin 0 0 0.257 | 0.299 | 0.467 | 0.344
Kuomax 0 0 2.569 | 2.990 | 4.671 | 3.435
AKyo 6.944 | 7.319 | 5.140 | 5.980 | 3.274 0
AKyo 0 0 2.312 | 2.691 | 4.207 | 3.091
AKno/ AKso 0 0 0.45 | 0.45 | 1.28 co
(slit)

AKy, : Initial mode 1 stress intensity range component (MPam'/?).
AKy, : Initial mode II stress intensity range component (MPam'/?).
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Kuosy - Initial stress intensity factor of static mode I
component.
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T maximum principal stress
T2 : minimum principal stress

¢ :angle between the direction normal to the maximum principal
tensile stress and the direction normal to the specimen axis

b half length of the crack projected on the line perpendicular
to the direction of maximum principal tensile stress

Fig. 4 Model of crack length 5, projected
perpendicular to the maximum principal

tensile direction.
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Fig. 5. Fatigue crack growth rate, db/dN wvs.
stress intensity range, AKy, under AKjy
/ AK1,=0.45.
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Fig. 6. Fatigue crack growth rate, d&/dN wvs.
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Fig. 11. The effect of 7. on fatigue crack growth
rate, db/dN wvs. stress intensity factor, AK,

under tensile fatigue condition.
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