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High Tensile Strength Steel Plates and Welding Consumables
for Architectural Construction with Excellent Toughness in Welded Joints
—JFE EWEL Technology for Excellent Quality

in Large Heat Input Welded Joints—
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Abstract:

The “JFE EWEL” technology for improving the toughness of heat affected zone (HAZ) effected by large heat input welding
has been applied to make SA440 high strength steel plates for architectural constructions. The developed “JFE EWEL”

technology consists of minimizing the coarse grain HAZ region through controlling TiN particles, refining the microstructure

of HAZ by using BN and Ca inclusions as nucleation sites of intra-granular ferrites and decreasing carbon equivalent (Ceq) of

steel. Furthermore, welding consumables have been newly developed to control the microstructure of HAZ through diffusive

B atoms from weld metal to base material. The developed 100 mm thick SA440 grade steel plate exhibits excellent HAZ

toughness in welded joints produced by SAW and ESW with large heat inputs. Consequently, JFE Steel has various kinds of

high strength steel plate and welding consumable for architectural construction with excellent toughness in welded joint.
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Fig.1 Schematic illustration of HAZ microstructure in large
heat input welded joint

Table 1 Aimed properties of steel ptates and welded joints

. Welded
Base material ..
joint
Grade
YP TS YR El* vEo vEo
(MPa)  (MPa) (%) (%) @ )
HBL325-E | 325445 490-610 =80 =21 =27
HBL355-E | 355475 520-640 =80 =21 =27 20
=
HBL385-E |385-505 550-670 =80 =20 =70
SA440-E 440-540 590-740 =80 =20 =47

* Test piece : JIS No.4
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| - Control of grain size in HAZ |<:‘jinning by optimized TiN

- High cooling rate by
—IC:‘ Super-OLAC
- Optimize of heat

treatment (SA440-E)

| - Low C,, alloying design

- Control of microstructure in <:| - ACR control

HAZ grain - Microalloying technology
- Fusion line microstructure C:, - B atom diffusion from
controlling by welded metal WM to FL

Fig.2 Concepts of “JFE EWEL” technology for improving
toughness of welded joints with large heat input
welding
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Ad\;anced TiN steel

Conventlonal steel

Photo 1 Microstructures of synthetic HAZ of conventional
and advanced TiN steels made by heating to 1 400°C
followed by quenching
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Fig.3 Effect of microstructure on synthetic HAZ toughness
and hardness (Reheating cycle: 1 400°C, Atsoo-s500°c:
1000 s)
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Photo 2 Synthetic HAZ toughness (vEo) and microstructures
of the developed steels, (a) HBL325 grade and
(b) SA440 grade
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Fig.4 Schematic illustration for behavior of TiN dissolution
and B diffusion from high B bearing WM during large
heat input welding

Developed welding
consumables (B free)

Developed welding
consumables (High B)

Photo 3 Microstructure of HAZ in welded joints made by using
conventional and developed welding consumables
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Table 2 Chemical compositions of developed steel plates, SA440-E (mass%)
Thickness (mm) C Si Mn P S Others C.q (WES)* Pey*
t= 60 0.08 022 1.58 0.002 0.001 | Cu, Ni, Ti, etc. 0.38 0.22
60 <t=100 0.08 0.21 1.53  0.008 0.002 | Cu, Ni, Ti, etc. 0.38 0.22

* Coq (WES) = C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo/4 + V/14
** Poy = C + S1/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + V/10 + 5B

Table 3 Mechanical properties of developed steel plates, SA440-E

Tensile properties Charpy impact test Reduction of area obtained
Thickness . L N
(mm) Position Direction YP TS YR EI Positi Directi vE, | by Z-direction test
(N /mmz) N /mmz) %) (%) osition irection ) (%)
Target 19-100 1/4t C 440-540 590-740 =80 =20| /4 C =47 = 25 (Each = 15)

1/4¢ C 470 643 73 30 1/4¢ C 221

Developed 60 1/2¢ C 462 637 7326 | 1/t C 215 72 (73,72, 70)
thick plates 1/41 C 478 660 72 28 1/4¢ C 225

100 1/2t C 466 646 72 22 1/2¢ C 183 62 (64, 61, 60)

52000000000

0000000000 Table3OOOOO0O 60mmO0
g1ommO00000000O0OO0OO0ODOOOODOOO
JOOO0100mm0 /40000000 Photo4 OO0 L
oboboddy+ed2000000000000O0DO
Joboboboobooboobobobobooooog
gbobobooboobooboobobobobooooboon
gooowmwommIO0OOoOoOoooooooogsonogn
gbobobooboboobooboboooboooooboon
Jobooobooboboooooot

5300000

ooDooooooobOooDOoobDOobboDOonO 60mm
oooooO0oOobOOoOobDOoOoDOOoosAawOnooooort
ESwOoOoOooooooooboboboooot

5300000000000
0000000000000 Table4 D00 OSAW OO
O63ki/mm0Od 200 1000ESWDO OO 100 kd/mm O
gooooooboooooobosawiood eswooogong
gdoboooooooooboooooooooooo
wMOOOO rFLOODODOOODOOOOOODbOOOOO0OO
gboboooogooot
O0o00o00oooooowMOOOOOOO Photo 5
Joboboobooobooboobobobobooobooog
Jjobooboooboobooboboboboboooooodg
HAZzOOOOODODOOOoDOoOOoooOcGHAZzODOOODO
gooooowMboooobobbbooooooooo
goooboobobboooooooooyooooooo
Jooooooboobooboobobrt
OeswoOoooOOooooDooo HAzZOOOOoOooDoOoo
Photo6 00 0HAZOOOODOOOOO F+BOOO
J0ooDoorFLODOODODOODODOOODO CGHAZ
oooDoooooooACRODDOWMOOOBODOO
Jobooooooot

53200000
OsAawO OO ESWODOO WMOFLO OO HAZ3mm O
JO000000000 Table 500 00SAW O OO ESW
gooboobDOooOobOOooboobOobOobDOoboOr
WMOFLOHAZOOOOOODODOOODOOOOO 707

Table 4 Welding conditions for evaluation of welded joint toughness

. Electrode Current  Voltage Speed Heat input Plate Thickness
Welding method (Diameter) Flux (A) V) (mm/min)  (kJ/mm) Pass Groove shape (mm)
SAW
KW-55 KB-551 2300 40
(Tandem 180 63 1 Y shape 60
electrode) (¢6.4 mm) AD 1 800 53
KW-60 AD  KF-100 Skin plate : 60
ESW (¢1.6 mm) AD 380 52 18 100 ! I:i] Diaphragm : 60
JFEO O No.5 20040 80( U 42
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Table 6 Results of tensile test for welded joints

Welded joint type TS (N/mm?)  Fracture position Tllustration of tensile test specimen
o 2547
SAW welded joint 611 HAZ * - /
(according to JASS 6) R = 50N\, 2
Z A/37'
-
Diaphragm-column- %t IDiaphragm <:Beam ﬂangel %5
beam flange cross- 658 HAZ of
shaped welded joint diaphragm side R=50 A
(according to JASS 6) bt
wy
—bét——blgl:— oA

unit : mm

Flange

g"hragm
I L ’
.
Skin plate

Photo 5 Macrostructures of (a) SAW, (b) ESW welded joints
and WM microstructures of (¢) SAW, and (d) ESW
welded joints

M : Observed position

Skin plate
Photo 6 Microstructure of ESW welded joint
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Table 5 Results of V-notch Charpy impact test of welded joints

Charpy absorbed energy, vE,
Joint Position Notch
type position HAZ FL WM
Q) ) Q]

Web side 2 mm from 247* 165

SAW Flange side surface 123%* 132 95
2 mm from

ESW S.kin plate surface 185%* 92 78

side

172t 210* 98 100

*3 mm from fusion line
FL : Fusion line
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Table 9 List of JFE Steel’s steel plates for architectural construction

oo 0o 0ooooo oo oo ooooo
HBL352B, 325C ooooooooo SN400A, 400B, 400C
DOOOOTIMEPOD | yp 355, 355C nsoo (JIS G 3136) SN490B, 490C
E 15[ CDPDDDD 550 N/mm’ HBL385B, 385C SN400B-FR, 400C-FR
D0o000000 SM400B-FR, 400C-FR
ooooo oooooooo SA440B, 440C SN490B-FR, 490C-FR
590 N/mm’ 0 O SA440B-U, 440C-U |0C00O000O0O 0oOooooooo SM490B-FR, 490C-FR
JFE-LY 100 HBL325B-FR, 325C-FR
Doooooooooo | JFE-LY160 SM520B-FR
JFE-IY225 HBL355B-FR, 355C-FR
Table 7 List of high strength steel plates with excellent 30 0000000000 CAMP-ISIO vol. 160 200300 p. 340-343!

toughness for large heat input weld joints

AL
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7
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SN490CTMC-E |JIS G 3136, 19 — 40 mm

2 i
A0 Nmm™ | ey oscE ooo,  40.1-100 mm
520N/mm? | HBL355C-E  |000,  40.1-100 mm
550 N/mm? | HBL385C-E  |000, 19 —100 mm
590 N/mm? | SA440C-E ooo, 19 —100 mm
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Table 8 List of welding consumables with excellent toughness 10t
for large heat input weld joints
110
oooo ooood 10000 120
oooo oo JISoo oo JISoo
13[
490-520 Z 3351 7 3352
N/mm KW-35 ysmi | KBSSIAD po
14(
Z 3351 150
SAW 550.590 KW-101B  YS-NM1 7335
N/mm> + + KB-60I AD i
T Kkwss 73351 FS-BTI
YS-M1
490-590 KE-100
ESW | N/mm? |KW-60AD 32(]5353 5632 Joo FZS3§2}33
oo KF-100AD
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