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Fatigue Life Estimation of Welded Joints by using M/-factor under a Propagation
Mechanism of Multiple Collinear Surface Cracks
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Abstract

Failure mechanisms of welded joints under fatigue loads are interpreted that multiple collinear surface cracks
initiating randomly along the weld toes propagate under the mutual interaction and coalescence of adjacent two cracks,
To estimate fatigue crack propagation life for three types of the representative welded joints, i.c. non-load carrying
cruciform, cover plate and longitudinal stiffener joint, the stress intensity factors at the front of the surface cracks have
to be calculated, which are influenced strongly by the geometry of attachments, weld toes and the crack shapes. For
the effective calculation of the stress intensity factors the Mk-factor was introduced which can be derived by a
parametric study performed by FEM considering influence of the geometrical effects. The fatigue life of the cruciform
joint was estimated by using the Mk-factors and the method considering the propagation mechanisms of the multiple
surface cracks. Analysis results for the fatigue life had a good agreement with that of experiment.
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Fig. 1 Configuration of specimens
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Table 1 Chemical composition and mechanical properties
of SM490B

Chemical composition (wt%)
C Mn P S Si Ni Cr Mo
0.155| 1.304 10.0166|0.0104|0.423| 0.032 | 0.038 | 0.018

Mechanical properties

0, (MPa) UTS (MPa) EL (%)

352 514 29

Table 2 Probability of © and & for specimens

Probability of measured values
10% 50% 90%

Crucif 0 0.87 2.19 3.54
ructiorm a 29.5 36.9 44.5
o 0.16 0.50 0.83

Cover Plate
[V 31.5 39.7 48.0
Longitudin 0 0.36 0.84 1.32
al Stiffener| g 30.4 38.7 46.9

(d) Longitudinal stiffener

(c) Cover plate

Fig. 2 Modeling of specimens with semi-elliptical
surface crack
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Fig. 3 Configuration of semi-elliptical surface crack
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Fig. 4 Mk-factor at deepest point and crack end for welded joints
Table 3 Fitting coefficients of Mk-equation for welded joints
Fitting Cruciform Cover plate Longitudinal stiffener
Coeff. Crack end Deepest Crack end Deepest Crack end Deepest
point point point
A 4.1604 2.0513 4.9882 2.5226 4.9652 2.4705
B 2.3039 0.0917 2.6852 0.1405 3.1692 0.1899
C 5.1875 1.3577 5.0231 1.7642 6.0617 0.4521
D 1.4521 2.8483 1.4295 1.3335 1.3840 1.3757
E 27.3836 49.0783 28.8520 18.5551 21.8889 25.7221
F 72.3167 60.0267 71.1845 51.9361 60.1812 62.9703
G 45,1885 4.8892 49.0985 5.2475 20.2539 10.9013
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Fig. 6 Fatigue analysis workflow of multiple surface
cracks in welded joints
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Fig. 8 Experimental set-up for cruciform joint

Table 4 Fatigue test results for cruciform welded joint

Specimen | Ja(MPa) g:écf N7—Np( JN\,I;)
#1 150 2 982634 (0.42)
#2 220 3 268387 (0.36)
#3 275 2 93591 (0.27)
#4 175 6 120720 (0.61)
#5 140 6 490147 (0.59)
#6 200 6 183284 (0.35)
#7 120 1 1798317 (0.50)

* N r=total fatigue life

N p=fatigue life when performing dye penetration
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Fig. 9 Fractography and simulation of crack
propagation
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