[= %] @A 888)A
Korean J. Mater. Res.
Vol. 28, No. 8 (2018)

AFSAES T

e wAzAT AAH E4 WAE

https://doi.org/10.3740/MRSK.2018.28.8.478

dd 2A9 dF

A A3t FT. age?

AoAE TEdTA

20 5 5 5
N EEA e e e

Effect of Rolling Conditions on Microstructure and Mechanical
Properties of Thick Steel Plates for Offshore Platforms

Jongchul Kim', Yonhchan Suh!, Sungdoo Hwang' and Sang Yong Shin®'

Technical Research Center, Hyundai Steel Company, Dangjin 31719, Republic of Korea
%School of Materials Science and Engineering, University of Ulsan, Ulsan 44610, Republic of Korea

(Received July 23, 2018 : Revised July 23, 2018 : Accepted August 9, 2018)

Abstract In this study, three kinds of steels are manufactured by varying the rolling conditions, and their microstructures are
analyzed. Tensile and Charpy impact tests are performed at room temperature to investigate the correlation between
microstructure and mechanical properties. In addition, heat affected zone(HAZ) specimens are fabricated through the simulation
of the welding process, and the HAZ microstructure is analyzed. The Charpy impact test of the HAZ specimens is performed
at -40 °C to investigate the low temperature HAZ toughness. The main microstructures of steels are quasi-polygonal ferrite and
pearlite with fine grains. Because coarse granular bainite forms with an increasing finish rolling temperature, the strength
decreases and elongation increases. In the steel with the lowest reduction ratio, coarse granular bainite forms. In the HAZ
specimens, fine acicular ferrites are the main features of the microstructure. The volume fraction of coarse bainitic ferrite and
granular bainite increases with an increasing finish rolling temperature. The Charpy impact energy at -40 °C decreases with an
increasing volume fraction of bainitic ferrite and granular bainite. In the HAZ specimen with the lowest reduction ratio, coarse
bainitic ferrite and granular bainite forms and the Charpy impact energy at -40 °C is the lowest.

Key words thick steel plates, rolling conditions, tensile properties, charpy impact properties, heat affected zone.
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Table 1. Chemical compositions and rolling and cooling conditions of the thick steel plates.

Chemical Compositions (wt%)

Steel C Si Mn P S Others
0.06~0.07 0.05~0.10 1.0~2.0 <0.01 <0.002 Al, Cu, Ni, Ti, Nb
Rolling and Cooling Conditions
Steel Slab Reheating ‘ Rol'ling P'as's ' ‘ Finish Rolling Finish Cooling Cooling Rate
Temp. (°C) (Roughing Mill / Finishing Mill) Temp. (°C) Temp. (°C) (°C/s)
L 4/4 740
M 1050~1150 4/6 770 400~450 3~5
H 4/4 790
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Fig. 1. Schematic diagram of weld thermal cycles of the steels.
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Fig. 2. Optical Microstructures of the (a) L, (b) M, and (c) H steels.
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Table 2. Tensile and Charpy impact properties at room-temperature of the steels.

Tensile Properties

Mean Charpy Impact Energy (J)

Steel Yield Strength Tensile Strength Elongation Yield Ratio (1972173
(MPa) (MPa) (%) (%)
L 497 615 25 81 472 + 1 (473/472/472)
M 485 595 25 82 472 £ 4 (473/467/475)
H 434 571 29 76 473 5 (467/476/476)
th M 7+ mAzz e Zuztd Helo|Eg QAE Table 3. Charpy impact properties at -40 °C of the HAZ specimens.

Ho]L}o] E(Granular Bainite, GB)Z T+ Aot 1
22 Pejoles} #ri7k detolst HAle L, ¢
43 vlolutel 27} FA4H oaowb oA whE AL

O] E(Martensite, M) 5= MA(martensite austenite cons-
tituents)7} ZEETHFig. 29| T AR FA| 7).
43 et B Z021E slgolE vk we Wzt
sEold YYHE 2902 347 2AYYAR 29
= T3 W (packet)o]l =L, FHZL ol mIAIRE &
3%, vlZalilelE, MA 53 22 A4 oliye] &
Ao} Y= 2H o]tk M e FohAY Aol
ARY A7)= 5~10 yumE L 73 vl<sio). spx v 2
ZolE AA-Y A7+ 1~-3 um= L 7o B8l 2+,
RREE AW FAAA BTk M 29l 9HF ol
WolEx 3718 =717k 50 um o) Fo= vi-¢- i,
Witel EAshe sl E EE MA 4e =27]7)
13 umolth. H 7o) mAlzAe E074y slejole, o
718 4 ool B BefolE o] Yk
H 74l #0249 szl 499 271% 5-10 umel L
Helo]ES] A& 13 umo|al AT} ek
q.' H 701—_0,] ?ﬂ] A H-]]O]],]-O]Eﬂ- b‘ﬂ}\—ha o:]oﬂoﬂ/q*_
73} o] B el o|Apigo] WAEA om, g
3 wlolyolES] Z7|%E 20 um AEE ZTHFig. 29 @
EAS I RS R )

I

o\)lr

o]—

=<}

O

L-H Specimen

M-H Specimen

Specimen Mean Charpy Impact Energy at -40 °C (J) (15/2"/3)
L-H 158 + 105 (226/212/36)
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H-H 42 + 58 (109/12/6)
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Fig. 3. Fractographs of the fractured Charpy impact tests at -40 °C for the HAZ specimens.
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Table 4. Vickers hardness results of the HAZ specimens.

Specimen Fracture Mode Vickers hardness (Hv)
L-H Ductile 294 + 12
L-H Brittle 271+£24
M-H Brittle 257+9
H-H Ductile 301+15
H-H Brittle 25116
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