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Investigation on the bulging deformation of continuously cast wide-thick
slab with numerical calculation method
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Abstract: In continuous casting process, bulging deformation of the solidified shell occurs due to the
ferrostatic pressure, which influences the smooth production and the internal quality of the continuously
cast steel. In the present work, the continuously casting wide-thick slab was taken as the research object,
and its bulging deformation at three typical strand positions L1(bending region), L2(middle of the bow
region) and L3(straightening region) was quantitatively investigated with numerical calculation method.
Bulging deformation of the solidified shell and the tensile strain distribution on the solidification front
continuously increase from L1 to L3. The tensile strain along the slab thickness direction(e,,), along the
casting direction(g,,) and along the slab width direction(e..) present a characteristic of concentrated dis-
tribution and increase the risk of inducing triple-point cracks, midway cracks and internal corner cracks,
respectively. With the casting speed increased from 0.7 m/min to 0.9 m/min, bulging deformation of the
wide surface of the solidified shell and ¢,,, .. firstly increase and then decrease, but the bulging deform-
ation of the narrow surface of the solidified shell and ¢,, continuously increase.
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Fig. 1 Schematic diagram of the slab continuous caster
structure
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Table 1 Parameters of the cooling zones in caster

BT AEIRTH AL E /m ARG AL E /m
4 0 0.80
I 0.80 1.04
2K 1.04 1.60
ZR3IX 1.60 271
ZRAIX 271 4.26
ZHSIX 426 6.18
ZeIX 6.18 10.02
ZRTIX 10.02 13.86
ZHRBIX 13.86 20.49
T 20.49 30.33
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Table 2 The main chemical compositions of the Q345E %

C Si Mn P S

0.17 0.31 1.5 0.014 0.011
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Fig.2 3D finite element model of the shell bulging de-
formation
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Table3 Comparison of the maximum bulging deflection calculated by the FE model and the formulas

o7 8 A% /mm H5EEE/mm

K 1 /MPa

TR FE A A /mm

A0 AR(5) AF(6) A FRCHR
1 200 46 0313 0.05 0.01 0.72 0.02
2 280 80 0.791 0.10 0.03 0.68 0.12
3 360 110 1.065 0.15 0.04 0.56 0.44
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Fig. 3 Distributions of bulging deflection (mm) in thickness direction (3,) and width direction (8,) at L1~L3 with casting

speed of 0.8 m/min
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Fig. 4 Bulging deflection of the (a) wide surface and (b) narrow surface at three strand positions
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Fig. 5 (a) Distribution of the normal strains in axes directions on the solidification front at three strand positions, and (b)
schematic of the internal cracks that often occur in a continuously cast slab
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Fig. 6 (a) Schematic of the positions where the tensile strain concentrated on the solidification front was extracted, and
(b) the variation of the corresponding concentrated tensile strains at three strand positions
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Fig. 7 Effect of casting speed on the bulging deflection of (a) wide surface, (b) narrow surface and (c) normal strains at L2
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