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Studies on Fatigue Crack Growth around
Weldment in SUS304 Stainless Steel

Experimental Results and FEM Analyses on Relaxation and
Redistribution of Residual Stress with Crack growth

Katsuyuki SHIBATA , Takaichi KAWAMURA and Norio YOKOYAMA

Division of Nuclear Safety Research,
Tokai Research Establishment, JAERI

(Received January 27, 1983}

Failures in a welded component are frequently found due to the
factors induced by welding. One of such factor is the welding residual
stress, and it may affect on the failures. -

Authors have performed a series of investigations to study the
behavior of the welding residual stress during the crack extension.

In this study, the influence of welding residual stress on the fatigue
crack growth, and the relaxation and redistribution of .the residual
stresses with the crack extension have been investigated using the cen-
ter cracked tension specimen of AISI Type304 stainless steel, which has
relatively large amount of the residual stress by welding. FEM analyses
has. been performed on the behavior of the residual stress during the
crack extension, and a simple analytical procedure to evaluate the fat-
jgue crack growth in a residual stress fieid has also been developed.

As a part of the above study, in this report are described the
experimental results and FEM analyses on the relaxation and redistribu-

tion of residual stresses with the crack extension.
It is found from the results that the relaxation of residual stre-

sses is caused in the cracked region and the relaxed loads are redistri-
buted forward with the extension of crack, and consequently, the resid-
ual stresses become larger than the initial value and positive even at
the location where the initial residual stresses are negative. The re-
distribution of the residual stresses also causes plastic deformations
around the cracked region.

Keywords: Residual Stress, Crack Growth, Relaxation, Redistribution,
Fatigue Test, FEM Analysis,SUS304 Stainless Steel
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OERFAGHOBRE B OEF 4 H~5 L &b ENSBREBOBRR EOERICODOTEN
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Fig. 1  Geometry of welded specimen
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Fig.2 PResidual stress distribution of welded specimen
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Fig.5 Location of strain caces in W-3 specimen, used in
fatigue crack extension test
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Fig.6 Location of strain onages in W-6 and W-8 specimen,
used in fatiague crack extension test
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Fig.8 Model for FEM analysis
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Fig.9 Model for FEM analysis (detail A)
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CASE 1,d=5 mm
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" Fig.10  Residual stress distribution at various crack size
by FEM analyses(Case 1)



oresid (Kg/mm?)

JAERI-M 83-021

w

’J-

CASE 3,d=5 mm

a=10 mm a=20 mm

Il L
Ll

Fig.11

g

L
L)

= "= = = =
X {mm)

by FEM analyses{Case 3)

m-.-

Residual stress distribution at various. crack size
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CASE 1,d= 5(mm)
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Fig.12 - Change in residual stress with the crack extension-

at various locations {Case 1,d=5 mm}
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Fig.13 Change in residual stress with the crack extension
at various locations (Case 1,d=20 mm)
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Fig.14 -~ Change in residual stress with the brack~extenéﬁon

at various locations (Case 2,d=5 mm) *~
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Fig.15 Change in residual stress with the crack extension

at various locations {Case 2,d=20 wm)
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Fig.16 . Change in-residual stress with the crack extension

at various locations {Case 3,d=5 mm )
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Fig.17 Residual plastic strain distribution(Case 1.Case 2)
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Fig.18 Residual plastic strain distribution{Case 3)
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Fig.Al Change in relaxed stress with the crack extension

at various locations (Case 1,d=5 mm)
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Fig:A2 -Change in relaxed stress with the crack extension
at various locations {Case 1,d=20 mm)



pelax (Kg/mm?)

a JAERI—- M 83-021

W-
W-

CASE 2,d= 5(mm)

Q,®%= 0(mm)
2,|0,M 20
3(A,A 40

v.¥ &0

i
A

Fig.A3

10
i}

. )

ol

(mm)

Change in relaxed stress with the crack extension
at various locations (Case 2,d=5 mm)
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Change in relaxed stress with the crack extension
at various locations (Case 2,d=20 mm)} - .
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Fig.A5 Change in relaxed stress with the crack extension
at various locations (Case 3,d=5 mm)



