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Unified multi-axial fatigue life prediction of inclined butt-welded
joints of constructional steel
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(Department of Civil Engineering, Ningbo University, Ningbo 315211, Zhejiang, China)

Abstract ; To calculate the multi-axis fatigue life of structural steel and its welded connections under complex stress
conditions, the stress fields on the unstable propagation area of multi-axial fatigue cracks in the inclined butt-
welded joint were calculated theoretically based on an ellipsoidal fracture model. The initiation and stable
propagation lengths of multi-axial fatigue cracks, as well as the maximum fracture index (under the maximum
fatigue load) and the fracture index amplitude (under the fatigue load amplitude) defined by the ellipsoidal fracture
model on the fatigue failure area, were calculated. A unified multiaxial fatigue model was established that satisfies
the stress boundary conditions and expresses the model parameters, the maximum fracture factor, and the fracture-
factor amplitude as functions governing fatigue-crack initiation and steady-state propagation life. The formulation
comprehensively accounts for the contributions of individual stress components to multiaxial fatigue of full-
penetration oblique cruciform welds and oblique butt weld connections under combined tension-shear cyclic loading.
Closed-form unified multiaxial fatigue-life calculation expressions for full-penetration oblique cruciform welds and
oblique butt weld connections subjected to tension-shear cyclic stresses are derived. The calculation results show
that the calculation errors of the unified multi-axial fatigue life calculation formulas for the multi-axial fatigue life of
inclined full-penetration welded cruciform joint of Q345qC steel and butt-welded joint of SAE1050 steel are from
-26.8% to —0.2% and —87.1% to 10.2% , respectively. By comparison, the calculation error of the fatigue
life formula recommended in the current code are from - 63.5% to —13.3% and -79.2% to 237.33%
respectively. The proposed multi-axis fatigue model can be applied to the multi-axis fatigue life assessment of
structural steel.
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Fig.1  Geometric dimensions of fatigue test specimens for
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Q345qC full-penetration oblique cruciform welds

2 Q345qC M HRERHRLE+ FHEE IR0 B R
£y R

Fig.2  Crack initiation and propagation in fatigue tests of
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Q345qC full-penetration oblique cruciform welds"
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Tab.1 Fatigue test results for Q345¢C full-penetration oblique cruciform welds™"

RS a/(0) Ao, /MPa Ar,/MPa Ny N, N;. e. /% Ne /N,
TO-1 0 160.0 0 411 000
T0-2 0 160.0 0 320 000 411 000 356 000 -13.3 0.87
T0-3 0 160.0 0 502 000
T15-1 15 149.3 40.0 406 000
T152 15 149.3 40.0 516 000 516 000 356 000 -30.9 0.69
T15-3 15 149.3 40.0 626 000
T30-1 30 120.0 69.3 627 000
T30-2 30 120.0 69.3 567 000 660 000 356 000 -46.0 0.54
T30-3 30 120.0 69.3 687 000
T45-1 45 80.0 80.0 977 000
T45-2 45 80.0 80.0 866 000 977 000 176 000 -63.5 0.37
T45-3 45 80.0 80.0 1 088 000
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Fig.3 Fatigue test specimens for SAE1050 oblique butt-weld
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Fig.4 Photographs of fatigue failures in SAE1050 oblique butt-

weld connections!'®!
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Tab.2 Fatigue test results of the butt-welded joints of SAE1050 steel!"”’

A5 a/(°) T/ MPa Ao/MPa N, Ny, e, /% N; /Ny,
Al 0 350.0 315.0 26 656 89 903 237.3 3.37
A2 0 275.0 247.5 73 280 186 473 154.5 2.54
A3 0 200. 0 180.0 406 571 481 824 18.5 1.19
Bl 30 350.0 315.0 33 837 89 903 165.7 2.66
B2 30 300.0 270.0 103 031 142 763 38.6 1.39
B3 30 225.0 202.5 689 530 338 401 -50.9 0.49
1 45 350.0 315.0 112 741 89 903 -20.3 0.80
2 45 300.0 270.0 579 350 142 763 -75.4 0.25
3 45 275.0 247.5 892 839 185 345 -79.2 0.21
D1 60 350.0 315.0 55 051 89 903 63.3 1.63
D2 60 300.0 270.0 149 479 142 763 -4.5 0.96
D3 60 250.0 225.0 213 319 246 694 15.6 1.16
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Fig.5 Fatigue fracture model of inclined butt weld
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Tab.3 Calibrated parameters of unified fatigue model for inclined full-penetration welded cruciform joints of Q345¢C steel

W= Ny, a;/mm I s Al k /10 2mm 7 s ko 977710 ~mm N, eo /%
TO 411 000 35.20 0.296 0.266 4.24 0.68  0.054 5.03 387 839 -5.6
T15 516 000 36.16 0.301 0.271 4.24 0.68  0.054 5.03 377 908 -26.8
T30 660 000 40.12 0.305 0.275 4.24 0.68  0.054 5.03 421 447 -0.3
T45 977 000 50. 66 0.283 0.255 4.24 0.68  0.054 5.03 772 358 -0.2
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Tab.4 Calibrated parameters of unified fatigue model for inclined butt-welded joints of SAE1050 steel

vl Ni, ay/mm I mas Al k/10 =7 mm ] s ko.577/10 ~*mm N e,/ %
Al 26 656 0.97 0.48 0.43 9.35 1.33 0.18 2.75 29 373 10.2
A2 73 280 1.16 0.38 0.34 9.35 1.33 0.18 2.75 55 543 -24.2
A3 406 571 1.36 0.28 0.25 9.35 1.33 0.18 2.75 113 086 -72.2
B1 33 837 1.07 0.50 0.45 9.35 1.33 0.18 2.75 28 796 -14.9
B2 103 031 1.23 0.43 0.39 9.35 1.33 0.18 2.75 44 526 -56.8
B3 689 530 1.46 0.32 0.29 9.35 1.33 0.18 2.75 89 191 -87.1
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W= N, a;/mm L as Al k/10 =7 mm N s ko 977710 ~®mm Ne, e._ /%
Cl 112 741 1.40 0.47 0.42 9.35 1.33  0.18 2.75 40 826 -0.6
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