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High Performance 550 MPa Class High Strength Steel Plates for Buildings
—Steel Plates with New Reference Design Standard Strength “HBL385,”
which Minimize the Construction Costs in Frame Fabrication

and Alleviate the Environmental Burden—
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Abstract:

JFE Steel has developed a high strength steel plate, “HBL385,” with lower limit yield strength of 385 MPa, providing a
combination of economic efficiency, earthquake resistance, and weldability. This developed steel has the middle strength
between HBL355 and SA440, and good weldability equivalent to HBL355. Production of this steel plate was made possible for
the first time by applying thermo-mechanical control process (TMCP) technology using the most advanced JFE Steel’s on-line

accelerated cooling system. Heat affected zone (HAZ) toughness of HBL385-E for high heat input welding was improved by

applying JFE Steel’s microstructural control technology for high heat input welding, “JFE EWEL,” accomplishing the Chary

absorbed energy value above 70 J (average) at 0°C. The developed steel has been approved by Minister of Land, Infrastructure

and Transport, and the actual application results of the developed steels are under increase.
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Fig.1 Placement of HBL385 in the steel plates for buildings
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Table 1 Chemical compositions of HBL385 (mass%)
Grade C Si Mn P S Ceq Pem
HBL325B =0.030 | =0.015| r=50 | =038 | =0.24
=020 | =055 | =1.60
HBL325C =0.020 [ =0.008| t>50 | =040 | =026
HBL355B =0.030 [ =0015| =50 | =040 | =026
=020 | =0.55 | =1.60
HBL355C =0.020 [ =0.008| t>50 | =042 | =0.27
HBL385B =0.030 | =0.015| t=50 | =040 | =0.26
=0.18 | =055 | =1.60
HBL385C =0.020 | =0.008| t>50 | =042 | =0.27
SA440B =0.030 [ =0.015| r=40 | =044 | =0.28
=0.18 | =055 | =1.60
SA440C =0.020 | =0.008 | r>40 | =047 | =0.30
Ceq = C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo/4 + V/14, ¢ : Thickness (mm),
Pey = C + Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + V/10 + 5B
Table 2 Mechanical properties of HBL385
Grade Thickness,  (mm) | YP (MPa) | TS (MPa) El (%) YR (%) vEc (J) RA; (%)
t=50 = |9* = 25 (average)
HBL325B, C 40 <t =100 325-445 490-610 = 80 =27 C
t>40 = 21%** = 15 (each)
t=50 = |9* = 25 (average)
HBL355B, C 40 <t =100 355-475 520-640 =380 =27 C
t>40 = 21%* = 15 (each)
t=50 =PGRS = 25 (average)
HBL385B, C 19=t=100 385-505 550670 = 80 =70 C
t>40 =R = 15 (each)
t=50 = 26%%* = 25 (average)
SA440B, C 19=t=100 440-540 590-740 = 80 = 47 C
t>40 = 20%* = 15 (each)
*T.P : JISNo. 1A, **T.P :JISNo.4, ***TP :JISNo.5
RA; : Reduction of area in through thickness tensile test (Z)
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Fig.4 Tensile strength obtained by advanced TMCP process
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Table 3 Chemical compositions of HBL385C

(mass%)

Thickness, / (mm) | C Si  Mn P S Ceq | Pomt | frinz
19 0.14 0.34 1.37 0.014 0.002{0.39]0.22|0.43

35 0.14 0.21 1.26 0.013 0.002|0.37{0.21 | 0.41

70 0.14 0.34 1.37 0.014 0.002{0.39|0.22|0.43

100 0.14 0.34 1.37 0.014 0.002{0.39|0.22|0.43

friaz = C +Mn/8 + 6(P + S) + 12N — 4Ti (if Ti = 0.005%, then Ti = 0) ;
Index to the HAZ toughness

Table 4 Mechanical properties of HBL385C

Thlfrl;ﬁ)s i P &) oy O RACH
19 422 552 44 76 289 74,70, 74

35 458 593 32 77 269 73,73, 72

70 445 596 31 75 290 76, 74, 74

100 432 578 31 75 247 72,69, 71

Tensile test : Full thickness (JIS No. 5)-C (197), 1/4¢ (JIS No. 4)-C (35, 70, 100 7)
Charpy test : 1/4-C, RA, : Z
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r t =100 mm :
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Fig.6 Maximum hardness test result of HBL385C
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Table 5 Mechanical properties of HBL385C’s CO2 welded joint

Thickness, 1 (mm) | Shapes and dimensions of groove Welding conditions Tensile properties Charpy impact properties
150 Welding consumable : MG-55D | TS (MPa) | Fracture positions | Notch position | yEgec (J)
35 Heat input : 3.0 kJ/mm WM 157
35 / Preheat : None 580 BM FL 237
L—"};’g'l Inter pass temperature: = 250°C 581 BM HAZ 1 mm 261
HAZ 3 mm 237
Table 6 Tensile test results of HBL385C’s ESW and CO2 welded joint
Welding method/Shape and dimensions of tensile test specimen Tensile results
Diaphragm X Column (ESW) Column X Beam flange (CO, welding) TS (MPa) | Fracture positions
Welding consumable : KW101B X KF100 Welding consumable : MG-55
Heat i : 50. i 2.
eat input 504kJ/mm\|/ 160 |_ \I/Heat input : 2.4 kJ/mm 592 BM
[ 35 I1 | /35 ] | (Beam flange)
L] 70
4\ Parallel portion width : 25 599 BM
300 (Diaphragm)
Jodoogooccioooodd Table50000 00o0o0o000rFLOOOO0OODDOOOOOOoOODOO
Jgoob-oobbuo0odb -booobuoooboboo 00ooo0ooooobboooooJoooooooo
o000 Table6 00 00CO, 000000 OODOO 000000000Fg.9O0OCFTOOOOOOODOODO
godddddddddoooooooououoobo gdddddoooooooooobbobbobbobboobobo
gooooobobooooooooooboboo oo
gojdddddodoooooooooouobobobobobo Table 7 Chemical compositions of HBL385C-E
0000000000000000000000000 (mass%%)
0000,00000000000000000000¢ Thickness, 7 (mm)| € 8§ Mn P S | Cy|Pow|finz
0000000000000 0000000000¢C 32 0.12 0.28 1.54 0.007 0.001|0.40|0.21|0.36
40 0.11 0.28 1.54 0.007 0.001|0.40|0.21|0.35
4300000000 HAZODO HBL385-EO OO 50 0.11 0.28 1.54 0.007 0.001|0.40(0.21|0.35
oo Micro-alloying elements are added
0oooooo0 HAZOODODODO JFEEWELOD O OO Table 8 Mechanical properties of HBL385C-E
000 HBL38C-EO DO OO 32040050mm OO0 O0O¢ Thickness, ¢ YS TS El YR vEgec RA,
0000000 SAWODOESWDOODOO000000 mm) | MPa) MPy (%) C& O *)
32 472 602 33 78 361 83
J0M 0000000000000 000 Table 7. 81
40 473 604 32 78 346 84
0000000000 Table9O0OODOOOOOOoGOOQ
50 446 570 33 78 346 81

J Photo 2300 000DODOODDOODOOODDO Tensile test : Full thickness (JIS No. 5)-C (32, 40¢), 1/4¢ (JIS No. 4)-C (50 1)
0000000000 Fg 7900000000000 Charpy test : 1/4-C, RA; : Z

Table 9 Welding conditions for HBL385C-E’s SAW and ESW welded joints

Welding . . Plate thickness | Thickness of . . . Heat input
method Shapes and dimensions of groove (mm) diaphragm (mm) Welding consumable Welding condition (kJ/mm)
35°
50 L:1850A-43V
KW-55 (6.4 mmg) :
SAW 2 50 % KB-60IAD T: 1500 A—SIO \Y% 44.0
210 mm/min
25 X 25
50
380 A-53V
30 30 15.0 mm/min 80.7
50
50 KW-60AD (1.6 mmg) 380 A-48 V
W 2(2) 45 32 3 X KF-100AD 19.5 mm/min 562
55
L2 | 380 A-51V
40 33 15.8 mm/min 737

U 49 0 JFEO O No.5 20040 80L
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(a) SAW (50 mm)

Photo 2 Microstructures of HBL385C-E’s SAW and ESW welded joints
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