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Development of High Strength H-Shapes with Excellent Toughness
Manufactured by Advanced Thermo-Mechanical Control Process (TMCP)
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Abstract:

JFE Steel has developed high performance H-shapes applying an advanced thermo-mechanical controlled process
(TMCP). To obtain high strength H-shapes with excellent toughness, it is important to obtain refined bainite
microstructure, through suitable alloy design, hot rolling under the optimum rolling conditions, and accelerated
cooling after hot rolling. This paper introduces examples of recently developed high performance H-shapes, such as
520 MPa grade (in tensile strength) H-shapes for high-rise building construction application with excellent toughness,
weldability and earthquake-resistant properties, and 490 MPa grade (in tensile strength) H-shapes with superior low
temperature toughness. Alloy designing to obtain refined microstructure under the specific hot rolling conditions to
H-shapes, and the accelerated cooling facilities for shapes (Super-OLAC® S: On-line Accelerated Cooling for Shapes)

are essential for the development of high performance H-Shapes.
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Fig. 1 Schematic illustration of Thermo-mechanical control
process (TMCP) forH-shapes; (a) Conventional
controlled rolling (CR) process and (b)Advanced TMCP

for H-shapes
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Photo 5 Microstructures of controlled rolling (CR) steel and
thermo-mechanical control process (TMCP) steel;
(@) CR steel, (b)TMCP steel
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Fig.2 Strength and toughness of thermo-mechanical control
process (TMCP) steel compared with conventional
controlled rolling (CR) steel
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Table 1 Typical chemical composition of steel used

(mass%)
C Si Mn P S Others Ceq
0.17 0.33 1.28 0.020  0.003 Ti 0.40

Coq(%0)=C+Si/24+Mn/6+Ni/40+Cr/5+Mo/4+V/14
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Photo 6 Microstructure of developed H-shape(Flange portion)
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Table 2 Tensile test results of developed H-shapes

YPor0.2%YS

1 141 0, 0,
Size Position (MPa) TS (MPa) YR (%) El (%) 2
Spec. 355-(475) 520-640 (<80) 21) [ =31
F1/6 409 553 74 31
H900x400x19%40 Fillet 446 573 78 29 1, (mm) é
3
w1/6 402 531 76 27
F1/6 401 543 74 32
H1000x400%16x32 Fillet 414 566 73 30 W ()
Size : DxWxt *t,
W1/6 442 562 79 25
YP: Yield point YS: Yield strength TS: Tensile strength YR: Yield ratio El: Elongation
£3 HEHEMOY vV E—EHESERER
Table 3 Charpy impact test results of developed H-shapes
Size Position Dimension Eo (D) I (°C)
Spec. >27
F1/6 Outer surface L 237 —45 2
Inner surface L 248 —42 [ =1t
H900x400x19%40
Fillet L 208 -33
W1/6 L 214 -53 i, om)
IS
F1/6 Outer surface L 232 -23
H1000%400%16x32 Inner surface L 232 =35
X X X
Fillet L 187 -32 W (cum)
Size : DxWxt Xt
W1/6 L 225 -68

+Eo: Charpy absorbed energy at 0°C
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Table 4 Results of y-groove weld cracking test in accordance

with JIS Z 3158
Welding | Humidity Pre-heat g pce| RoOL | Cross
electrodo %) temperature |~ o " section | section
O (%) (%)
0 0 0
5 0 0 0
(1;/.[2(};32) 60 0 0 0
0 0 0
25 0 0 0
0 0 0

+Ts: Charpy fracture appearance transition temperature
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Fig.3 Maximum hardness test results for developed H-shape
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Table 5 Tensile test results of CO2 welded joint

Weld Heat TS Break
material input (MPa) position
- 552 Base metal
MG-36 30 ki/em
1.2 mgp 575 Base metal

TS : Tensile strength
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Fig. 4 Charpy impact test results of gas metal arc welding
(GMAW) joint
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Table 6 Typical chemical compositions of steels used (mass%)

C Si Mn P S Others

CR type 0.15 035 145 0.015 0.005 Ni,Nb,V

TMCPtype 0.13 027 1.56 0.017 0.003 TiN treated

CR: Controlled rolling
TMCP: Thermo-mechanical control process
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Table 7 Mechanical properties of H-shapes

YP, Tem, Absorbed T
Process Size 0.2%YS TS (MPa) EIl(%) (°C])9‘ energy (J) I (°C) |—|_EL¢_
(MPa) gy =
Controlled rolling 700, 3001324 304 551 27 -20 166 -20 z
(CR) 1 mm)
S
, 903x300x19x37 411 536 29 40 215 <50
Thermo-mechanical
control process W (mm)
(TMCP) 900%400x19x40 427 538 28 40 200 67 Size : D1,

YP: Yield point YS: Yield strength TS: Tensile strength
JTIs: Charpy fracture appearance transition temperature
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El: Elongation
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Fig.5 Charpy impact test results of welded joint
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