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Fatigue Crack Growth Behaviour of an Out-of-plane Gusset Welded Joints
under In-plane Biaxial Tensile Loadings with Different Phases

by Koji Gotoh, Member
Yosuke Anai, Member

Keishi Shimizu, Member
Toshio Niwa, Member

Summary

Most of large frame-based welded structures are subjected to multiaxial cyclic loadings with different phases under in-service
condition. However, the fatigue performance of these structures are evaluated according to the design codes based on theoretical and
experimental investigations under a uniaxial loading condition. Most of these codes are based on the S-N curves approach. On the other
hand, authors proposed the numerical simulation method of fatigue crack propagation histories of a cracked plate subjected in-plane
biaxial loadings with phase difference of each loading component. Fracture mechanics approach was applied to establish our method.
In this study, fatigue crack growth behaviour of an out-of-plane gusset welded joint under in-plane biaxial loading with two different
phase conditions are investigated. The phase difference effect for fatigue 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 results.
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Table 1 Mechanical properties and chemical component of tested
material (ClassNK grade KA).

Mechanical properties
Yield stress Tensile strength Elongation
[MPa] [MPa] [%]
298 439 30
Chemical composition [%]

C Si Mn P S
0.14 0.23 0.86 0.018 0.005
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Fig. 1 Specimen configuration used (unit in mm).

Table 2 Test conditions.

Specimen ID G-1 G-2
Stress ratio: R (=ox0™"/ ox0™) 0.05

X direction stress range: Acxo [MPa] 110

y direction stress range: Acyo [MPa] 110
Acxo/ Acyo 1

Phase difference: ¢ [rad] 0 i

Solid curve: oy, o,

Applied remote stresses: o, , o,
Applied remote stresses: o, , 6,

Phase difference: ¢=0
Phase difference: ¢=n

(a) Specimen G-1 (b) Specimen G-2
Fig.2 Applied loading patterns.

Fig. 3 Set-up of fatigue test under biaxial loading.
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(a-1) Specimen G-1

(a-2) Specimen G-2

(a) Overview of fracture surface.



(b-2) Specimen G-2

(b) Enlarged view near the crack initiation site.

Fig. 4 Fracture surfaces.
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Fig. 5 Measured fatigue crack growth curves.
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Fig. 6 Measured the aspect ratio evolution of a surface crack
under the biaxial loading with different phases.
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(A) Surface crack in stress concentrating field.

(a) Surface crack under tension and out-plane bending.
(b) Edge crack in stress concentrating field.

(c) Edge crack under tension and out-plane bending.

Fig. 7 Approximate method of stress intensity factor of surface
crack deepest point in stress concentrating field.
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Fig. 8 FE analysis model for the calculation of the stress intensity
factor.

Table 3 FE analysis conditions.
4 nodes tetrahedron element and
8 nodes hexahedron element

1.0x1.0x 1.0

Element type:

Minimum element size:
(unit in mm)
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Dimensionless stress intensity factor: K/ co(nb)l/2
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Half crack length: b [mm]
Fig. 9 Relationship between half crack length and stress intensity
factor by external stress.
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Fig. 10 Equivalent distributed stresses by unit external loading.
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Fig.11 Residual stress distributions near a fatigue crack initiation
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Table 4 Minimum mesh size for J integral calculations by FEM.

Speci
pecimen Crack Crack . .
Model ID and Min element size
depth (@) | length (b)
No. Phase [mm x mm x mm]
. [mm] [mm]
difference
1 1.07 7.00 0.1x0.36x0.1
2 G-1 4.00 10.38 0.1x0.39x0.1
3 (¢=0) 7.00 12.87 0.1 x0.40x0.1
4 9.90 15.97 0.1x041x0.1
5 0.51 3.65 0.1x0.18x0.1
6 G-2 4.00 6.01 0.1x0.26x0.1
7 (¢p=m) 7.00 7.63 0.1 x0.28x0.1
8 9.90 10.03 0.1 x0.31x0.1




Fig.12 An example of FE idealization of a surface crack (Model
No.2).
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(b) In case of residual stress distribution by Inherent stress method.

Fig.13 Relationship between half crack length and stress intensity
factor by residual stress.
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(b) In case of residual stress distribution by Inherent stress method.

Fig.14 Equivalent distributed stresses by unit external loading.
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Fig.15 Fatigue crack growth curves.
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