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Estimation of Critical Strain for Internal Crack Formation

in Continuously Cast Slabs

Shuji NAGATA, Tooru MATSUMIYA, Kosaku OZAWA and Tetsuro OHASHI

Synopsis :

In order to estimate the exact condition of the internal crack formation in continuously cast slabs, a new
evaluating equation for this critical strain has been introduced based on many factors such as steel grades,
strain rate, solidified shell thickness, and surface temperature of the slabs.

The characteristic of this equation is to determine the hot ductility, especially ZDT at the neighbourhood
of solid-liquid interface, which has not been investigated quantitatively, and to make clear the relation be-
tween the critical strain for internal crack and the width of poor ductility range calculated from shell thick-

ness, surface temperature, and ZDT.

The cracking condition in cast slabs could be explained well, using this calculated critical strain based on

these factors.

Key words : critical strain; internal crack ; continuously cast slab; strain rate; solid-liquid interface ; hot

ductility ; ZDT.
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Table 1. Representative experimental results of ec.

Researcher ec(%) & (1074/s) Experimental method
T. MATSUMIYA et al.? 1.0 ~3.8 3.0 In-situ melt-bending test method
K. MIVAMURA et al.9 0.32~0.62% 5~40 Bending test of ingot
H. FUJI et al.” 1.00~1.60 20~54 Deposited metal bending test
H. SATO et al® 0.45~0.56 1~2 Punch press test of ingot
H. SUGITANI et al. 1.0 ~1.5 0.4~2.5 Bending test of ingot
K. MARUKAWA et al.19 3.2 ~3.3 15~35 Punch press test of ingot
K. NARITA et al.'V 0.5 ~1.0 30~60 Punch press test of ingot

ec: All data are read from the reported graphs

* : Reported ¢ is converted with the same difinition as other researchers’

FEFD 61 4 10 HASH#EBEARRICTRE FHLE 1 A 23 Bt (Received Jan. 23, 1989)

* T H AR (M) Ko REKFT

L1 (Oita Works, Nippon Steel Corp., 1 Oaza-Nishinosu Oita 870)

*2 3 0 ARBER(RR) KRB F -+t >~ # — Ph. D. (Future & Frontier Field Research Lab., Nippon Steel Corp.)
*3 7 H AR (b ) 1L MIFE AT 7858 (Hirohata R & D Lab., Nippon Steel Corp.)
*4 HH ARISR (B ) PO ifZe ARS8 TLi# (Central R & D Bureau, Nippon Steel Corp.)
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Table 2. Chemical composition of test slabs (wt%).
Composition
C Si Mn P S Al
Type of steel
Al-Si (1 0.16 ~0.18 0.05~0.08 0.70~0.88 0.017~0.031 0.012~0.020 0.010~0.035
Al-Si (2 0.10 ~0.15 0.05~0.08 0.39~0.43 0.018~0.024 0.008~0.017 0.010~0.033
Al-K 0.041~0.082 0.05~0.034 0.18~0.39 0.012~0.026 0.005~0.017 0.030~0.080
Table 3. Casting condition of test. Table 4. Chemical composition of specimen.
(wt%)
ceM ] ‘
ftem Low head CCM Oita #4 CCM No. c Si Mn P S T-Al
Slab thickness 250 & 150 mm 280 mm ! 0.148 ~ 0.159  0.36  0.012  0.006  0.015
" 2 0.146 0.055 0.526 0.016 0.011 0.027
Slab width 1050 mm 1 800 mm
Casti - . . . 3 0.142 0.055 0.77 0.022 0.015 0.019
asting speed 0.6~2.5m/min 1.2~1.48 m/min b
Strai > X . . ) 4 0.179 0.346 1.36 0.019 0.003 0.028
raightening method | 19,15,7 points unbending | 1 point unbending =
. . 5 0.166 0.060 0.72 0.023 0.017 0.021
Compression force 0t 100~200 ¢ 6 0.45 0.24 0.78 0.018 0.029 0.010
Specific cooling water | 0.2~1.4 l/kg 0.61/kg . : : : : .

% : The force is applied to the strand by compression casting
technique to prevent internal cracks
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Fig. 1. Influence of casting speed on internal
cracking frequency.
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Fig. 2. Influence of strain rate on the critical
strain for internal cracks.
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Fig. 4. Relation between carbon content and ZDT
in reference to (Fe-C) binary phase diagram.
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Table 5. Regression coefficients in the multiple
regression analysis of A Tps.
Composition
S P Mn Si
Correlation
Regression coefficient 1410 1015 1.56 —12.94
o value 14.7 16.8 0.64 — 1.30

ATps (C)

> P1= 0016~ [S1=10.012~
0.018% 0.015%

0015 0002 0
[S] [P]1 (wt %)

0

0 0.005

Fig. 6. Relation between ATpg and sulfur, phos-
phorus contents.
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