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Numerical Simulation of Fatigue Surface Crack Propagation under In-plane Biaxial Cyclic Loading with Different Phases

by Mizuki Morishita, Student Member

Shuichi Tsumura, Member
Toshio Niwa, Member

Yosuke Anai, Member
Koji Gotoh, Member

Summary

Most of in-service structures are subjected to many types of cyclic loading and these cyclic loadings have different axial
components with different phase. In-addition, most of the fatigue cracks occurring in the structures are so-called surface cracks which
can be approximate elliptical shape. However, the fatigue strength of structures is evaluated according to design standards established
by theoretical and experimental investigations under uniaxial cyclic loading condition. On the other hand, authors proposed the
numerical simulation procedure of through thickness fatigue crack propagation histories of a cracked plate subjected in-plane biaxial
loadings with phase differences of each loading component from a viewpoint of fracture mechanics approach. In this study, fatigue
surface crack growth behavior under in-plane biaxial loading with different phase conditions are investigated. The phase difference
effect for fatigue surface crack shape evolution under in-plane biaxial loading is confirmed by measured ones. Besides, the numerical
simulation method of fatigue crack growth is proposed and confirmed this method by comparisons of measured crack evolution with

the numerical simulation.
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(Notes)
x: coordinate that normal to the crack line.
y: coordinate that parallel to the crack line.

Fig. 1 Configuration of the specimen used ® (unit in mm).

Table 1 Initial crack geometries.

Specimen Initial defect size [mm] Plate thickness: ¢
D Depth: a0 | Length: 2bo [mm]
S-1 4.0
S-2
S-3 2.0 10.0
S 20.0
S-5

) =
[Note.] .....................
Defect depth: ao ] /— -\ »
shape : L
length: 2bs g

Table 2

Mechanical

properties

and

chemical

composition of material applied to specimen S-1
to S-4 (ClassNK grade KA).

Mechanical properties
Yield stress Tensile strength Elongation
[MPa] [MPa] [%]
339 456 26
Chemical composition [wt%]
C Si Mn P S
0.15 0.14 0.84 0.017 0.003
Table3  Mechanical properties and chemical
composition of material applied to specimen S-5
(ClassNK grade KA).
Mechanical properties
Yield stress Tensile strength Elongation
[MPa] [MPa] [%]
343 451 26
Chemical composition [wt%]
C Si Mn P S
0.12 0.15 0.96 0.021 0.002
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Fig. 2

Set-up of fatigue
biaxial loading.

crack propagation test under



Table 4 Biaxial loading conditions.

Speci Stress Phase
pecimen | . Ao 4oy0 difference:
D R [MPa] [MPa] ®[rad]
S-1 172 T
%) 190 0
S-3 0.05 133 n
Sa 190 95 0
S5 150 75 n
(Notes)

R means applied stress ratio defined by ox™"/cx0™* or
o yomin/c yomax'
Ac.o and Aoy are the applied stress range of x and y component,
respectively.
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(Notes)
ox0: applied remote stress normal to the crack line.
oy0: applied remote stress parallel to the crack line.
Fig. 3 Applied biaxial loading waveform.
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Fig. 4 Observed shape evolutions of surface cracks.
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Fig. 5 Evolution of the aspect ratio (a/b) of a surface
crack under biaxial loading conditions.
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(Notes)

2bo:  Initial surface crack length,

n =2mptl,

mp:  Constant of Paris’ law (m,=3.346'D) ,

A =0.05(0<a/t<0.5),1.17 (0.5<a/t<1.0),
B =0.06 (0<a/t<0.5),0.47 (0.5<a/t<1.0).
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(Notes)
0x0: applied remote stress normal to the crack line.
00: applied remote stress parallel to the crack line.

Fig. 6 Applied biaxial stress and equivalent uniaxial
stress waveform.
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Fig. 7  An example of FE subdivision of a surface crack
(Equilibrated growth: ¢=5.475mm, b=5.754mm).
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Fig. 8 Stress intensity factors as a function of crack depth.
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Fig. 10 Numerical simulation results of a surface fatigue crack
growth under biaxial loadings with phase difference.
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