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DUCTILE FRACTURE PREDICTION AND POST-FRACTURE PATH
TRACING OF STEEL CONNECTIONS BASED ON
MICROMECHANICS-BASED FRACTURE CRITERIA
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(1. State Key Laboratory for Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China;
2. Department of Building Engineering, Tongji University, Shanghai 200092, China;

3. School of Civil Engineering, Chang an University, Xi an 710061, China)

Abstract: Micromechanics-based fracture criteria of structural steels can be used to predict ductile fracture
initiation with large scale yielding and no initial flaw. High-fidelity finite element analyses were carried out on ten
welded connection specimens between the steel tube column and beam flange under monotonic tensile loading.
The calibrated micromechanics-based fracture criteria, including Stress Modified Critical Strain (SMCS) model
and Void Growth Model (VGM), were used to predict fracture initiation for each specimen. Good agreements
were found between the predicted results and the test results. Therefore, it is applicable to use the
micromechanics-based fracture criteria to predict ductile fracture initiation of connections under monotonic
loading. Subsequently, the VUMAT subroutine was developed in ABAQUS software by the authors. By taking
the SMCS and VGM as fracture criteria, the post-fracture load-displacement curves of two welded connection
specimens between the steel tube column and beam flange that fractured at different locations were traced by
deleting the failure elements one by one. The predicted results agree well with the test results, which indicates that
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Fig.1 Mechanisms of void nucleation, growth and
coalescence
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Table 1 Parameters of micromechanical fracture criteria of

Q345 steel
. a h J ./mm
7X 5,9 uX
8" 244 255  0.087 0.201 0.473
9:-1@ 249 263  0.062 0.202 0.311
sqQr< 243 253 0.072 0.329 0.671
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02 UYZ[MN
Table 2 Dimension parameters of specimens

KL€tu BJ/mm t/mm LJ/mm By/mm t/mm Bifmm ¢
BP 250 8 750 200 10 Ll L|
RP1 250 8 750 200 10 Ll L|
RP1_R 250 8 750 200 10 Ll L|
RP2 250 16 750 150 8 Ll L|
RP3 250 16 750 150 30 Ll L|
RP5 250 750 200 10 Ll L|
RPh1_1 250 750 180 10 200 1
RPh1_2 250 750 180 10 200 2
RPh1_4 250 750 180 10 200 4
RPh2 2 250 16 750 135 8 150 2

U .RP1_ R KLMOBP _VWYZE . RP5 KL 1OBBgl
WMJE_9HIbAOB: _uB-X,MOE._ ' bPO

BP _u=

/
[ IN

v

11

A [ [ ]

F3 KsdQL"'5:-F
Fig.3 Plan view of the test setup
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Fig.4 Finite element model
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