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Evaluation of C(t)-integral for Inner Cracks of Steel
Slab during Reheating Process
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Abstract

The crack problem of continuous casting slab due to the thermal stresses during the reheating

process is analyzed using FEM. In this study, the C(t)-integral is calculated. As a result, the

values of the C(t) -integral decrease by increasing the initial temperature of the slab and decreas-

ing total heat flux. And those decrease by decreasing the heat flux of pre-heating zone and

increasing the heat flux of heating zone.
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Table 12 A5tz st= ZAle stetxaid S
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ol

perature) T3 A4l &% (solidus temperature)
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o}, Fig. 1 £xol & al4d 73| v]dS
el glel, 720C el Al wledo] A= A
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of| A Fro] ARE AL mAloA Ao 29| A
wstol olg soleh, Fig 200 4% Jacobi 9]
0.16%C A7oll w3 AA]3 4% % (thermal
conductivity) & el 7 ¢lc}, Fig. 3> Jablonka
500] A 4] g
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of wish A3k ebA A4 (elastic modulus) & e}
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Table 1 Mechanical composition.
Composition | C Si | Mn P S
Weight % | 0.35[0.25| 1.5 {<0.020(<0.005
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Fig. 1 Specific heat vs. temperature.
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Fig. 2 Thermal conductivity vs. temperature.
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Fig. 3 Average coefficient of linear thermal expan-
sion vs. temperature.
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Table 2 Type of boundary condition for various cooling zones.
Cooling zone D ® ®
Mold Heat flux q=10000(268.0—33.5+t)
Zone 1
Zone 2 . Heat convection by flowing water
Secondary Heat convection by spray water T
i Zone 3 he (T 35) and radiation
coolin =hs(Ts—
g Zone 4 4 ' q:hr(Tsf‘35) +E( sf4_354)
Zone 5
A i Heat convection by air and radiation
ir coolin,
& a=ha (Tu—20) + Se(Tu'— 35"

22.5
20.0

3
w1

15.0
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Elastic modulus(GPa)
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Temperature(C)

Fig. 4 Elastic modulus vs. temperature.
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Fig. 5 Yielding stress vs. temperature.
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Fig. 6 Boundary condition classification and initial
condition for temperature analysis.
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Table 3 Cooling water volume and zone length in each zone of secondary cooling zone.

SUNRT Zone 4 Zone 5
Coolin
oonng Zone Zone Zone Zone
water ) : ) 5 Upper Lower Upper Lower
S 2 :
volume surface surface surface surface
U (7/min) 41 438 452 290 b12 591 218 314
Zone
length 0.46 1.081 1.395 5.632 6.911
L{m)
ol Tyi= ety Elew (K)oleh, Table 2ol 1600
A Eehush gl 45 ool W@ AA7) 1400
4;_9, Brimacombe™o] A A15k AlojsL, o]z} Y 3 1200
/L01 OJou/(] Ll /1— oﬂ 0] 0} oj Ler/”'T /[SJ‘;: Brima- g 1000
combet®o] A AIGH A% Aol ket w4 g g
& 600
Al O & A o 5;‘;,7 7kl 5
1= i L{'\ } 1,‘4. [ 400
Bs=T0.6X W% 5 Tg0196 (3) =0
0
0 4000 8000 12000 16000

o] 71 4], Wi FuFin (water flux density) i vl

!

23 [/m*min o] v, W:Li’Bi Alabxlel, s
Wl e (/minel v, L el
ol (m), B+ £uly el & (m)ol},

Table 32 ol Auzeie 4 sdetol 42 w7y
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By 1.6m, 4 .4 0.22m2 AlAstdcl, =a}
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Fig. 8 Crack modeling.
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Table 4 Time duration of each heating zone.

Zone | Zone || Zone ||
Zone
1121314156789
Time(min)| 30 | 30 {30 | 20| 20|20 |20 |20 |20

(unit :

Q:‘l'SMK T 100

9g+z/3> <,9§3%Z,73

100

kecal/m?hr)
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Table 5 Gas temperature (ambient temperature)
at each heating zone.

Zone | Zone || Zone [I

Zone
1213|456 7|89

0:(°C) 1750 102111142 [1169|1236{1260 1270|1296|1297

Table 6 @ value at each heating zone.
(unit : kcal/m2-hr-C*%

Zone Upper surface | Lower surface
1 0.53 0.25
Zone [ 2 0.63 0.24
3 0.72 0.22
4 0.96 0.19
Zone || 5 0.86 0.34
6 0.81 0.21
7 0.29 0.12
Zone I 8 0.76 0.32
9 1.00 0.39
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Fig. 9 Slab temperature vs. time for various initial

temperatures.
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Fig. 10 Slab temperature vs. time for various global
heat flux changes.
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Fig. 11 Slab temperature vs. time for various local
heat flux changes.
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Fig. 15 Maximum C(t)-integral values for various

global heat flux changes.
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Fig. 16 Maximum C(t)-integral values for various
local heat flux changes.
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