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Abstract: Q235 steel is widely used in industries such as construction, bridge building and the manufacture of pressure
vessels due to its excellent all-round performance, low cost and good workability. In the ultra-high-speed continuous casting
process, non-metallic inclusions are the key discontinuous defects that induce microcracks in the cast billet and deteriorate its
quality. In order to elucidate the influence of inclusions on the mechanical properties and interfacial cracking behaviour of the
Q235B steel matrix, this study combined high-temperature uniaxial tensile experiments with Abaqus finite element
simulation. A micro-mechanical model was then established that was embedded with different characteristic inclusions, based
on the cohesive force model. The system analysed the complete process of typical inclusions (Al203, MnS and silicate
composite inclusions) in Q235B steel under thermal-mechanical coupling, from initial interface damage to crack initiation
and propagation. The results indicate that the types and geometric shapes of non-metallic inclusions significantly affect the
stress field distribution in the steel matrix. Composite inclusions with sharp edges were found to be most prone to local stress
concentration, with a peak interface stress of up to 30.5 MPa. Cracks first initiate at the lowest applied stress (11.3 MPa),
whereas the corresponding values for MnS and Al2O3 inclusions are 20.7 MPa and 23.4 MPa, respectively. All cracks initially
nucleate at the maximum interface stress (a=90°), after which stress concentration transfers to the crack tip. This drives the
crack to propagate along the interface and ultimately penetrate the matrix. Due to their irregular geometric shapes, composite
inclusions have the weakest interface bearing capacity, the fastest damage propagation and the highest energy dissipation,
causing the most severe damage to the continuity of the matrix. This study combines experiments and simulations to reveal
the initiation mechanism and critical conditions of interface cracks between inclusions and the matrix during continuous
casting. This provides a clear theoretical basis for improving the quality of Q235 steel castings by controlling the morphology
of the inclusions and avoiding the formation of sharp composite inclusions.
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Fig. 1 Typical microstructure and geometric model of inclusions in Q235 castings
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Fig. 2 Schematic diagram of boundary conditions for inclusions/matrix
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Table 1 Elastic modulus and Poisson's ratio of inclusions and steel matrix

S/VEREES MR R/ (GPa) HELYN =
ELER 2 4.2 0.37
ALO;3 353.1 0.21
MnS 103 0.3
HaRkiky 330 0.14
2 ERE0

2.1 BB SR RARAIIE

Kl 3 Jy Q235 7E 1050°C~1350°Cli [ T N /- N AZ fi 2 seier s . H1 3 wl%n, BEE IR E R T
B, FERIPTR R R IR R B R S AR R B PR . RS A IERAE (1200°C) B, Q235
BEIRPIRIRE LN 18 MPa, JEARIRZZIN 15 MPa, S E N AAEZIN 0.34 I/mm?2, % M4 w7
MBHEEE A R 12556 R TEAT R, NIGEARITa irie it 1 B 240,
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Fig. 3 Stress strain curves of Q235 castings at different temperatures
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Fig. 4 Error Analysis of Uniaxial Tensile Experiment and Simulation
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Fig. 5 Simulation results of stress distribution of typical inclusions in Q235 steel
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Fig. 6 Simulation results of typical inclusion damage factors
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Fig. 7 Time variation curve of damage factor for typical inclusions
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