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A Study on the Fatigue Strength Evaluation of Load-Carrying Fillet
welded Cruciform Joints
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Abstract

Fatigue failure modes of load-carrying cruciform weld joints are dependent on the characteristics of
the fatigue crack initiation and propagation from the weld toe or the weld root. In this study, constant
amplitude fatigue tests on load-carrying fillet welded specimen carried out, and fatigue strengths were
evaluated. Also, an attempt is made to develop a new analytical model with more accuracy to predict
the fatigue crack propagation life of fillet welded cruciform joints of SWS 490B steels containing lack
of penetration defects. From the result of this study, fatigue crack growth characteristics of
load-carrying fillet welded cruciform joints, containing lack of penetration defects are found to be
affected by the weld geometry, stress range and microstructures of the weld zone.
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Table 1 Chemical compositions of the base metal

wt.(%)
Material | C Si {Mn| P S |Cul| Ni|Cr
SWS
490B 0.1410.36]1.55|0.1410.02|0.2210.21{0.02
Table 2 Mechanical compositions of the base metal
Yield Tensile Elongation
Material strength strength o ( 5 )
(MPa) (MPa) °
SWS 490B 400 572 26
Table 3 Welding conditions
Thickness Number of| Welding | Voltage
{mm) LOP(mm) pass current(A) (V)
~ 1 180 24
270 2 140 20
~ 1 190 20
ce10 2a=24 2 140 20
=
— 1 180 24
2a=4.8 2 140 20
1 170 23
2712 2 140 20
_ 1 190 26
2270 2 170 20
~ 1 190 26
ot 20724 170 20
=
1 190 26
=43 2 170 20
~ 1 190 25
22772 2 170 20
1 190 25
2a=0 2 190 25
3 160 21
1 190 25
2a=2.4 2 180 23
~ 3 170 21
420 1 170 26
2a=4.8 2 180 23
3 170 21
1 190 25
2a=7.2 2 170 20
3 170 20

Table 4 Dimensions of cruciform weld specimens

ti(mm) to(mm) L{mm) b(mm) D(mm)
10 12 260 25 85
15 12 260 25 85 .
20 12 260 25 85
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Fig. 1 Configuration of cruciform joints
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Fig. 2 Fatigue failure modes of fillet welded

cruciform joints
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Fig. 3 Fatigue test results of t;=10, t,=15 and t,=20

specimens
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Fig. 4 Diagram showing whether fatigue cracks will

develop from the toe or root defects
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Fig. 5. S-N curve showing stress range effect of

=10 specimen
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(b) 3 pass weld (1,=20)

Fig. 9 SEM micrographs showing typical micro
-structures of weld metal
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