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Mathematical Model Analysis on the Formation Mechanism
of Longitudinal, Surface Cracks in Continuously Cast Slabs

Tooru MATSUMIYA, Tsuyoshi SAEKI, Jun TANAKA, and Toshikiko ARIvOsHI

Synopsis :

Stress and strain in freely shrinking shell within a CC mould were calculated. The maximum tensile
strain was resulted in a 0.14% (G steel in the brittle temperature range near the melting point when the per—
itectic reaction below a quasi-solidus temperature (Ta) was considered as well as the Ar, transformation
above Ta-30°C. Stress and strain localization to a thinner shell in the mould was analyzed. Stress and
strain in the shell at the beginning of a secondary cooling zone were also calculated. Finally, formation
of the thinner shell was mathematically modeled from the view point of thermally induced shell deflection.

By the use of the results above, effects of carbon contents, flaw size in mould surface, and secondary cool-
ing on longitudinal surface cracking and crack depth in continuously cast slabs were discussed, and then
the experimental result and experience in the continuous casting operation were explained.
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Fig. 1. Density of pure iron. (Broken lines show
the interporated and extraporated density used as
the density of carbon steels in this study.)
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Fig. 2. Fe-C phase diagram. (Ta shows quasi-
solidus temperature, and the brittle temperature
range is shown by oblique lines.)
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Fig. 3. Stress and strain induced in the shell.
(Oblique lines show the brittle temperature range.
Casting speed is 1.2 m/min.)
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Fig. 4. Strain considered to cause longitudinal
surface cracks. (Solid curves: strain accumulated
in the range Tg>T>T3—50°C, broken curves:
strain accumulated in the range T,>T>T,—30°
C.)
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Fig. 5. Schematic diagram of solid shell sticked
to the mould surface.
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the thinner shell while cooling from T to Tx—
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in Fig. 5.
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Fig. 11. Width and height of the gap between
solid shell and mould surface formed by the shell
deflection as shown in Fig. 10a (0.12%C steel).
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Fig. 13. Critical irregularities in solid shell thick—
ness and irregularities resulted from the flaws on
the mould surface. (1,2, 3: critical irregularities
for crack formation or propagation in the mild
and in the rapid secondary cooling, and in the
mould, respectively; 4, 5, 6: irregularities caused
by 3mm, 2mm and 1 mm wide flaws on the
mould surface at the meniscus, respectively.)
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Fig. 14. Fraction phase and J-y transformation
vs. weight percent carbon. (In Fig. 14a, 1, 2:
fractions solid when the peritectic reaction starts
and ends, respectively.)
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