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Recent Development of Structural Steel and Its Weldability for Construction
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Fig. 2 Temperature dependence of yield strength
in SN490 and FR steels

Table 1 Chemical compositions of 590MPa fire resistant steel(mass%)

Steel C Si Mn P

S Cr Mo Nb Pcm Ceq

BT-HT440C-FR 0.09 | 0.28 1.24 0.006

0.0015 0.18 0.78 | 0.02 0.22 0.53
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Table 2 Mechanical properties of tested steels
o Tensile Test at RT(1/4t) Tensile test at 600C Charpy Test
Thickness Direction
(mm) |LLoneitudinall  yp T8 EL | YR | YP TS EL Mi"rg(gv VTrs
Titransverse | (\pa) | (MPa) | (%) (%) | (MPa) | (MPa) | (%) 0 ()
Target 440/540 | 590/740 | =20 <80 >295 - - Av.>47 -
%6 L 508 673 29 75 - - - 279/287 | <840
T 520 687 29 76 323 417 33 268/279 | <840
60 L 472 652 30 72 - - - 266/279 1 <840
T 480 653 30 74 391 391 32 291/293 | <840
8 L 464 635 31 73 - - - 254/282 | <S29
T 461 645 31 73 312 396 31 154/246 | <829
Table 3 Properties of welded joint
. . Tensile test Charpy test
Welding Welding Heat Input ” L Noteh
method Material (kJ/mm) : YS T ote
Temperature | Test piece (MPa) (MPa) (%) position VEo(J)
RT Joint 596 658 23 WM 173
SMAW L~62 4.0mm 1.74~ Joint 341 417 20 FL 211
1.99 600C
WM 312 398 33 HAZ 230
i 692 19 WM 82
YODM 4 8 BP1:3.2 RT Joint 571
- BP2-LP: Joint 364 431 22 FL 101
YF-15B 45 600C
’ WM 367 436 29 HAZ 83
YDLER | RT Joint 510 | 620 | 19 WM 39
SAW 6.4mm 1 5 7 (00T Joint 303 376 23 FL 53
NB-52FRM WM 309 341 35 HAZ 52
v-DL - FR RT Joint 515 651 20 WM 53
6.4mm 44.0 00T Joint 390 448 19 FL 42
NSHE0TRS WM 376 404 16 HAZ 49
Y-CM - FR RT Joint 502 650 14 WM 171
SESNET 2.4mm 105.8 Joint 347 437 12 FL 39
YP-151 600T
WM 399 471 17 HAZ 30
100 -
o | 48L& SAWERY 7% F 440kJ/cm A7
—4— Surface - -
ol P, A $89 252 Uehiz g
70 F
&
s wf 33 TS5 590MPaz2H(SA4402h?
E 50 [
g ooy AR gF 2u3: AELS 490MPad ZAES A4
T 7% 100mm 749 $A7 Hn g 2 2834
20
o BAP} A7)E A97h 2R ol BAS o
0 . . Asl7] 948te] 590MPage Z=E FEI 14T (2
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Table 49 1% SA4407¢] EdEES Jehlln  23=AE 2%, C4H Pome WA A A7t
ATk, A Wt 48 Rt dEXT BE Al ) B A= HuAErt 300HvE A4t A3
F1 A CE 7ECE Cu 59 H2AIE ogss = Z2FHE Bgon, A y-grooveTEAE A
A2 7HA3 Sich Table 59 WL} 71AR A4S AL A2Fde MR Yol $HFILRA

Table 4 Chemical composition of developed steels

Thickness
(mm)

50
100
19
28 0.08 0.23 1.45 | 0.006 | 0.002 Cu, Ni, Cr, Nb, V, Ti 0.37 0.21
45
50
80

Ceq = C+8i/24+Mn/6+Ni/60+Cr/5+Mo/4+V/14
Pen = C+8i/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B

Steel C Si Mn P S Others Ceq Pem

0.06 0.25 1.40 | 0.006 | 0.003 | Cu, Ni, Cr, Mo, Nb, V, Ti 0.40 0.21

0.06 0.36 1.47 | 0.010 | 0.001 | Cu, Ni, Cr, Mo, Nb, V, Ti 0.41 0.22

Q| Q|w

Table 5 Mechanical properties of developed steels

; Tensile properties
Steel Th(l ckn;ess Direction | Position
mm YS(MPa) TS(MPa) EL(%) YR(%)
A 50 471 610 30 77
B 100 470 604 33 78
C 19 453 611 43 74
D 28 |Transverse| Y4 476 643 30 74
thickness
E 45 492 647 29 76
F 50 497 638 30 78
G 80 485. 644 31 75
Charpy impact properties
Steel Thickness Directi ",
tee (mm) irection | Position Absorbed energy Fracture appearance transition
vEo(min./av.){J) temperature(T)

A 50 195 / 227 -24

B 100 247 / 250 -40

C 19 278 / 285 -85

e 1/4 _

D 28 Longitudinal thickness 287 / 297 73

E 45 256 / 260 -58

F 50 266 / 292 -33

G 80 329 / 336 -50

52 Journal of KWJS, Vol. 27, No. 1, February, 2009



53

Table 6 Results of y-groove weld cracking test

Welding condition Cracking ratio(%)
Thickness | Welding | Welding Heat
Steel (mm) Method | consumable | Current | Voltage | Speed input Prehea}t Surface | Root | Section
(A V) | (cpm) ; Temp.(TC)
(kJ/mm)
0 96* 100* 98*
A 50 SMAW | 1-62 4mm 170 25 15 1.7 25 0 0 0
50 0 0 0
0 0 0
E 45 | omaw | OIMBOC T gon 1 a5 |3 | 19 25 o 10| o
1.4mm
50 0 0 0
100* | 100* | 100"
F 50 SMAW | L-62 4mm 170 25 15 1.7 25 0 0 0
50 0 0 0

* Cracking in weld metal

Table 7 Tensile properties of welded joints

Steel Welding method Heat input(kJ/mm) TS(N/mm®) Fracture position
A CMAW 2.5 643, 644 Base material
A SAW 4.5 647, 648 Base material
A/B SESNET 71.9 609, 611 Base material
F SAW 4.5 673, 675 Base material
F/G SESNET 71.3 638, 635 Base material
& gty & 4 v} Table 69 AAF y-groove -4
S— WA weld metal A AAE Jepideh. &S Table 79ME &85
3 . gﬁ,;ﬁ‘f"i{:‘,ﬁﬁ’fwhﬁm AN AHE UL Fig. 40 4 &HF
i1 /[_‘}—-3 LS. - e AN ZoE Yeian. d9e £8e) ANz
i e e SR %5}30‘8 #EALA] gor HEAAE BT
€T 2R TR R} Ed £YR AEE Rolx 3
J , e o £31% F4Q4 FAEH e §4TE ALl
Mok aien 3 RF G5 FAMEE Boln Y
: o2 . 36 Uiy 2H8Y
i ° i o
{les<" ") {1 &~ ° A2 gre A% mw@gﬁ% A% g
S s 5 sea® oM s Eel] 3 ATt &) AFPHo HUE
| S il | Sl g 4T+ 71%@3} =& #3450l 87Hn
: Atk YE V5-E &3 AdEe s gA Tl

h‘;. R
hﬂ'n*

R
Dvugtwogi ule
Howh

s

Fig. 4 Charpy impact properties of welded joints

RStk - BRARem 218 B1%

20094 27

sl weEw 7)E5-H 8% $4F Fee
0CAA 70J9) Ee FHALL AN Y. Lut
Ao AZTxES 21%3 9 FaAg u} A
Z¢ e 2= 353 2 188 &4A méOl
2753 itk nEE 439 e Box 7159 74

ESW 2 A3 SAWZE 451 gler %@?&%‘%
% 9F 500~1000kJ/cme Z2HYE £5e] A4

53



54

AEA-o S

T @ oy o e 2UYdE SHEE T e 1
L2022 JIEH 3 fRAE e Alzte] o3 QIAde] F
23l ml o] FAET}. ol EAHE HAs]
At LA e vlA ASES FURARA
£HGYEHUY ZstE L2HUolE AFY A%
£ 9Ask Z2FHUA Aol ¢ IFP(In-
tragranular Ferrite Plate, {Wizl/dsl|glo]E)He)
£ ZZA7)= HTUFF(Super High HAZ Toughness
Technology with Fine Microstructure imparted
by Fine Particles)7d°] ML=, Fig. 5elMe
Uvt TINZT HTUFFZ] 3893 242 e
W RAeZ HTUFFASY 22HUolE ARPL <&
100m o2 Yt TiN7ZFY 400umel vletd wj%
HAEE & § Ut Table 8 & Nd7rel 384
5 Uehd Zloltt. 2= EHIE gFez FE
371 98t CEFH HATEFE FH3 graln 9l

% Jile G 2000

Fig. 5 Simulated HAZ microstructure of HTUFF
steel and TiN steel (a) HTUFF steel (b)
TiN steel

t}. 71& ARG CaHE Aetn F=ESE A%t
of Mn, Cu, Ni%< 7Kgt BT-HT440CHF9
7% MA(Martensite Austenite Constituent)] A
AL dA] Y8l AEZFE st Mg %2 Cas
3o AA3) Fh3l AAsE 2 FsES AR
AZATh. Table 99 79 71413 442 vehlz 3l
ot e A, dalg, APL BF 438 B4
Hol1 git}. Table 10+ Box columns#¢ &3%4
< Uehd Aolt}. Fig. 6& Box columns¥-9 WYY
d £4%9 F4A4ES Jepd Folch. JEUA oF
20~1000kJ/cm 9 ZUYE M= 453 24
AL Kol Ut} Fig. 7L MEd dYdd £358%
9] iyl ESWEAEEY 232 A& el o)t

3.7 BHS(Bridge High-performance Steel)Zt®

A2 AR AMT #Esie AMdule
Z U749 Y 2 fAHEeY Aol AsA 87
H1 9} mEFRoklME 71Ze ZAAd thu]sk] B
ot} 3 S BA3ke A9 de] 27T §l
t} olg} Z-& Needsol &3k dEFRARN = 2
T, 94, &34, I, W] £ AAY A
il A L7)go] AFE T . aFE 3% AR
FBLT7F 43 500MPad 2 700MPagd A7}
BHS7}olth. BHS7E 138y 9 §EF=7 943t
39wt 9 R FR7F Yem, Eg BHS500

Table 8 Chemical compositions of developed steel plates(mass%)

Steel C Si Mn P S others Ceq Pem
BT-HT355C-HF | 0.12 | 0.26 | 1.50 | 0.008 0.002 Nb, Ti 0.39 0.21
BT-HT440C-HF | 0.10 | 0.16 | 1.56 | 0.006 0.002 Cu, Ni, Nb, V, Ti 0.39 0.23

Ceq = C+8i/24+Mn/6+Ni/60+Cr/5+Mo/4+V/14
Pcm

C+81/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B

Table 9 Mechanical properties of developed steel plates

Tensile properties Chf/rf};h?ziizt;es Through-thikness
; 1/4 thickness position o properties
Steel Th(lﬁi{;;bss Direction position
YP TS EL | YR vEO min / av. TS Reduction of
(MPa) | (MPa) | (%) | (%) () (MPa) area(%)

BT- L 450 574 32 | 78 298 / 302

HT355C- 50 564, 564, 562| 77, 77, 76
HF T 451 579 26 78 220 / 252
BT- L 468 610 31 77 251 / 254

HT440C- 60 607, 615, 610{ 69, 74, 75
HF T 466 603 32 77 234 / 236
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Table 10 Welding condition of box columns

¥ BT-HT440C-HF

o
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T

200 [
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o
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¥

150 [

—
<
<

v

100 [

evelopment target

Welding conditions
Steel for . . . Heay
column Welding portion Welding method Current | Voltage Spped ! Welding
(A) V) (em/min) input material
(kd/mm)
BT-HT355C-HF | Column diaphragm | ESW/single pass 380 51 14.3 814 YM-55HF
BT-HT440C-HF | Column diaphragm | ESW/single pass 380 51 11.6 100.4 YM-55HF
L 2100 36 -
BT-HT355C-HF Column corner SAW/single pass 230 41.0 Y-DLHF
NSH-53HF
T 1700 48
L 2200 37 _
BT-HT440C-HF | Column corner SAW/single pass 200 50.3 Né}llj— IL;)I;IZF
T 1800 48
BT-HT355C-HF Column-beam |GMAW/multi passes 380 40 220/450 | 2.0/4.0 | YOW18/21HF
BT-HT440C-HF Column-beam  |GMAW/multi passes 360 41 220/450 | 2.0/4.0 | YGW18/21HF
250 250 250
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Fig. 6 Welded joint toughness of box columns

Fig. 7 ESW microstructure of BT-HT440C-HF column
(skin plate side HAZ of diaphragm joint)
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Fig. 8 y-slit restraint cracking test of BHS500,
BHS500W and BHS700W
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Table 11 Specification of chemical composition of BHS
T Chemical composition(%)
Steel
(mm) | ¢ | g | Mn | P s Cu | Gt | Ni | V |Mo| B | N | Pem
< < < < < < <
BHS500 16~1001 4y | o755 | 2.00 | 0.02 | 0.008 | ~ j B 0.006| 0.20
0.3 0.05
< < < < < < < <
BHSS00W 1 6~1001 41 | 050 | 2.00 [ 0.02 | 0.006 | . | 075 | 0.006| 0.20
0.5 0.30
6~50 =
BHS700W = = < < < > < OEO < < < ~ 0.30
0.14 | 0.50 | 2.00 |0.015; 0.006 0.3 | 0.80 0.05| 0.6 [0.005 <
50~100 2.00
0.32
Table 12 Specification of mechanical properties of BHS
YS TS Elongation Charpy impact energy
Steel (MPa) (MPa)
a a Thickness % Temperature(T) vE(J) Direction
t<16 >19
BHS500 =500 570~720 t>16 =26 -5 >100
£>20 >20 V-notch
Normal to rolling
t<16 =19 direction
BHS500W >500 570~720 t>16 >26 -5 >100
t>20 >20
t<16 >19
BHS700W >700 780~930 £>16 >26 -40 >100 Vrnoteh
Rolling direction
t>20 =20
60 60
BHS500, BHSE00W BHEP00W |prmememmmeesmmene =
2 50 1 s 50 . ) ;
T 40 |kt g b Do, St ©
& 30 mmw S 30 -
%ﬂ 20 E’ 20 =
—é 10 é 10 %D
5 ol S bl ] g
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70-80 b3
Preheat temperature (C) Preheat temperature(C) é
&
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7ol A% $RE HIAEE o 281HvGSoE &
o FFAMA AN gFske J1EE FEI] UEIn
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FA9 A% % 50T, 80mm FAY AR A$
°f 75T dgo] "asdtd &3 Adddsrde &
3% FFolgt & 4 Stk HSB6OOLZS &4 7
A 54L& Table 149 Jedcl FCAW
SAW 3% Z=e 2% 600MPag ol4S xst
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Table 13 Specification of mechanical properties of HSB(wt%)
79 715 | LA C Si Mn P S Cu Cr Ni
HSB500
< <0.18 <0.55 <1.80 <0.020 <0.006 - - -
HSB500L 100mm
HSB500W <0.18 <0.65 <1.80 <0.020 <0.006 |0.10~0.50| 0.45~0.75 |0.05~0.80
HSB600
< <0.10 <0.55 <1.80 <0.020 <0.006 - - -
HSB600L -
100mm
HSB60OW <0.10 <0.65 <1.80 <0.020 <0.006 |0.10~0.50| 0.45~0.75 0.05~0.80
ESBGOOL A0mmt HSB60OL
440 80
_ —a—40t
R Uo7y
3400 I E ‘-O’ | "—
2 EET EEAA (2005) = 370Hv = 60
§ %90 Te3s3 . 2 1 %
< £ 10t e
% 320 1 e N,
= ® 286 281 5 .
%280 304 TT—e e J = 20f N\
= 280 g N e
200 il 1 1 1 1 1 L L L L Il L 1
20 40 60 80 100 120 140 20 30 40 50 60 70 80 90 100

Fig. 10 Maximum hardness of HAZ in HSBGOOL

Bead length (mm)

Preheating temperature (C)

Fig. 11 y-slit restraint cracking test of HSBG0OOL

Table 14 The mechanical properties of welded joint in HSB60OL

FCAW SAW
Thickness YS(MPa) TS(MPa) YS(MPa) TS(MPa)
(= 450MPa) (= 600MPa) (> 450MPa) {= 600MPa)

40mmt 524 638 525 617
80mmt 595 658 596 673

|HSB600L(FCAW) 15kJ/cm HSB6OOL (SAW) ¢ 50kJ/cm (80mmt)

300 T T T 7 T i - ' ! ! v
F | ——40mmt —e—vE

CVN impact energy (J)

CVN impact energy at —20C (J)
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Fig. 12 CVN energy of FCA and SA welded joint in HSB60OL
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Table 15 The mechanical properties of welded joint in HSB800
Steel Welding Process Welding YS TS(MPa) EL
(Heat Input) Consumable (MPa) Target > 800 (%)
POAW AWS 5.29 733 859 15.6
(23kJ/cm) E110T5-K4 730 862 14.5
HSBS0O 741 855 16.4
- AWS 5.93 682 813 15.6
(50kJ/cm) FI12A10-EG 688 814 15.7
692 816 15.3
8 Welded Joint(FCAW) e l Welded Joint (SAW)
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Notch location (mm) Notch location (mm)
Fig. 13 CVN energy of FCA and SA welded joint in HSB800
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