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Relation between Hot Rolling Conditions and Mechanical Properties
of Heavy Plates Produced from Thin Continuously-cast Slabs

Naoki OKUMURA, Toshiei HASEGAWA, Masahiko OpA, and Michikike NAGUMO

Synopsis :

Continuously—cast slabs with thickness of 80, 100, 150 and 210 mm have been hot rolled to heavy plates
of 31 mm in thickness after the austenitization at 1 000 °C, and the effect of reduction ratio on mechanical
properties of plates has been evaluated. It is demonstrated that center porosities are annihilated by hot
rolling even with smaller reduction ratio than usual under the conditions that high rolling shape factor is
employed for individual rolling pass. Increase in reduction ratio deteriorates the toughness of material
in the short-transverse direction whereas it has no adverse effects in the longitudinal direction. Statistical
analysis shows that scattering of data on absorbed energy measured by Charpy test has no positive relations
with reduction ratio. As far as weldability is concerned, increase in reduction ratio markedly increases
susceptibility of plates to cracking which occurs in the heat affected zone after submerged arc welding with
heat input of 200 kJ/cm was applied. It is confirmed that the rolling conditions made up of high rolling
shape factor and low reduction ratio, together with refinement of initial austenite grain, are appropriate
for continuously cast slabs in order to improve the properties of plate which are affected by solidification

structure.
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Table 1. Chemical composition of steel (wt%).

C Si  Mn P S v Al N H

0.17 0.31 1.37 0.019 0.010 0.043 0.027 0.0063 0.00025

T m=2y/R(H,—H,)/(Ho+H1), TCT, m: FERRE, Ho:F
HERUE, Hy : FEERE, R: o— V¥R HEREEEE 2%
FEENRRTAY S m O P AT 5 EES .

MEfn 55 £ 4 FALHEBEALCTRE WA 58 £4 8 28 A% H (Received Apr. 28, 1983)
* OHEABBGR)FE-BMHEF T (R & D Laboratories- I, Nippon Steel Corp., 1618 Ida

Nakahara-ku Kawasaki-ku 211)

*2 OB H AR (KR BB BFE P (R & D Laboratories- ][, Nippon Steel Corp.)
*3 TR ARSI (B) S MB T (Hirohata Works, Nippon Steel Corp.)
OB ARSI (BF) BB ®iE (Kimitsu Works, Nippon Steel Corp.)
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Table 2. Hot rolling conditions.

Thickness of slabs (mm)

Rolling schedule (mm)

Finishing rolling

Reduction ratio temperature (°C)

1 210 210-185-160-135-110- 90-70-55-45-37-33-31 6.8 860
2 150 150-125-105-85-65-50-37-33-31 4.8 870
3 100 100-80-60-47-37-33-31 3.2 760
4 80 80-60-47-37-33-31 2.6 810
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Thru-thickness direction of slab

Fig. 1. Relation betweeen hydrogen content and
location in the thru-thickness direction of con-
tinuously-cast slabs. Three kinds of symbols corre-
spond to data taken at different positions in the
longitudinal direction.
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Fig. - 2. Groove geometries for submerged arc
welding with heat input of 200kJ/cm.
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Fig. 3. Relation between yield strength (¢y) and
tensile strength (¢g), and reduction ratio (O@ :
Longitudinal, ]Il : Transverse).
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Fig. 4. Relation between reduction of area and
shelf energy (vEs), and reduction ratio (O : Lon-
gitudinal, [ : Transverse, A : Short-transverse).
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Fig. 5. Variation of absorbed energy determined
by Charpy test with reference to reduction ratio
((@ 2.6, (b) 3.2, (c) 4.8, (d) 6.8).

Absorbed energy

0-6
3 L direction
~
A
f'E\ O'AL \V \\
£ AN
~ \.\ST direction
«© ~<
0-2f N,
O 1 1 1 1 1 1 1

1 2 3 4 5 6 7
Reduction ratio

Fig. 6. Relation between §;, COD at onset of
ductile fracture, and reduction ratio.
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Fig. 7. Relation between fracture appearance

transition temperature (v77s) and reduction
ratio (O : Longitudinal, [] : Transverse).
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Fig. 8. Relation between §., COD at onset of
brittle fracture, and reduction ratio.
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Photo. 1. Fractured surface of the steel with
reduction ratio of 6.8. A: fracture of pear-
lite, B: decohesion of manganese sulfides.
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Fig. 9. Relation between fracture stress and frac-
tion of non-cleavage fracture determined on the
surface of failured specimens taken from the plate
with reduction ratio of 6.8. (O : Longitudinal,
/\ : Short-transverse. Notch location is away from
segregation zone. [ ]: Short-transverse. Notch
location corresponds to segregation zone.
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Fig. 10. Effect of reduction ratio on mean length
() and total length (O) of cracks occurring in
the heat affected zone (HAZ).
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Fig. 11. Change of estimated diameter of poros-
ities as a function of slab thickness and rolling
pass schedules.
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Fig. 13. Relation between length of manganese-
sulfide inclusions in the longitudinal direction and
reduction ratio.
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Photo. 2. (a) Section view of COD specimen
taken from the steel with reduction ratio of
6.8. Note that a microcrack (A) ahead of a
main crack (B) appears to have initiated in
pearlite. (b) higher magnification view of a
crack (A).
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Photo. 3. Fractured surface of a COD specimen
manufactured in the short-transverse direction.
Note that elongated manganese sulfide inclusions
are surrounded by lamellar pearlites.
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Photo. 4. Fractured surface of a COD specimen.
A fibrous crack and a transition zone made up of
a stretched zone and a tear dimple zone can be
identified.
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Photo. 5. Appearance of cracks occurring in the

heat affected zone (a) as polished. (b) as etched.
(c) Phospher image determined with an ion mi-
cro-analyzer.
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Vv, A7 FERmME (1000°C), HHRILEEE Y ET
H 2.6~6.8 0&EFICHI > TTHTERB L. ETH
DRBIFEMELE LD Z LI OTTV, L ETFRE
i 3lmm k LUic. FEEE SR 7c8it o BE BEREG XM,
BEIREOERE, BEHRAFAUTOMHREE .

(1) FTHA 2.6 05 BETHTHEOTLE
WRHEFEIEC X h v E —Re oF L IEETE, BF
G R A IR T ¥ .

(2) WEHROEWEME (Kbh, 6) FETH 2.6,
3.2 OBPAMNRE L EThROEIMCAET T 5. Hat
o oXEELTRIELE MnS X+ §; ORFR%
i N P

(3) WREHROBEEHE#ECKT2 COD, &, /E

T 3.2 CHRLIBWEZ R L. EIEIHRELCER
ABmECIA—5 4 P REEhERELC.

(4) v A ¥—RBRCETHEN=FAF—DIXH
D% L ETHOBEREKTCHNR, ETHINS
WL DENKE B EDERR 2T

(5) KRABBEHFCABRMERCEEINLEN
i3, ETHAVNIWE, ShBEEREDS A2 1HE
B DEREIRE N ERHLMC L.

B EDRERYRAETS L, MY THLIR LcH#ES
A5 FRIRT HBEEIER, ThbbA 7 7ERME,
B R A DEE T HEEDOHE LA bis 5 I7ES
WMROMBECRIFT IR THERTHERTERLLEX
A.
Kb, PoOSMAIEY Ihi, 4P, HABR—K
X EHLET.
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