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Latest Trends and Lineup of Welding Consumables for Structural Steel Colum
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Abstract

This paper presents the latest trends in consumables for gas shielded arc welding, submerged arc welding, and
electroslag welding, which are commonly used in the construction of structural steel colum. Also introduced is
the lineup of welding consumables, which is tailored to the strength class of the steel.
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Table 1 List of CO, solid wires for building structures

Grade of steel plate TS*! 400 MPa TS 490 MPa TS 520 MPa TS 550 MPa TS 590 MPa TS 780 MPa
/ / / / / /
Welding joint Column type YP#?2235 MPa YP 325 MPa YP 355 MPa YP 385 MPa YP 440 MPa YP 630 MPa

[esmmsc \iG-50R EEmliEEETE
FamLARE M G-50R(N) [ musmecrpiG-60RMN) | | TousmaneMG-TORN) |
Square pipe EAMILIARC \[G-50R(A) TRUSTARC™ V[ G-60R(A)

column [FAMIL ARC™ MG-56R ]

[ emanac" NG-56R QN ]

Column-Column [FAMIL MG-56R(A) J
(for robot welding) [leggu_:“- MG-50R ] [ TRUSTARS™ \[G-60R ] [ TRUSTARC™ \[G3-8() }
( mmminser MG-50RIN) ) [ musmacMG-60RON) |EES

o | [memanee MG-50R(A) ) | zeusmecMG-60RW) ]
ircular pipe T
column [FAIIL ARC™ \[G-56R }

[FA_WE'MG-%R(N) }
[ EAMLIARS™ V[G-56R(A) }

FAMILIARC™ M G-50 ‘ TRUSTARC" M G-80
Column-Beam, Beam-Beam, [ ]

Column-Column [ FAMILIARC™ \[GG-56 } TRUSTARC™ [ (}-82
(for semi-auto welding)

‘[ TRSTARS G0 ]

$%¢1 TS ; Tensile Strength
#%2 YP ; Yield Point

N) ¥V =X, (A) YI=ATHL. (N) ¥V -2 35 B Inner tube M Conduit liner = Contact tip
REGARC™, (A) Y —XIENEW REGARC™, Zh . 30 |
ZROT L AYINEHETA Y ThH %, £3 25
1.2 NEW REGARC™BEEAV Yy K7A1 ¥ LR

FAMILIARC™ ** MG-56R (A) §E

NEW REGARC™ 7w+ 2%, #%®REGARC™ 7 g

0EAOEHMEE S S1THE#LL, 70 2 — VI 5 10

BV 2 WMBATIRBO LN BB XAy 5K 05

FEBLTBY, BRT AV EMEE KD 164 m/ 00
min 7%*5 180 m/min, R KIEHERIL320 A7 5340 A LA™ MG-56R(A) EAMLIAEE™ MG-56R(N)
IR T0De 74 Y RMEEORIINC PR, AR BI1 AR ERE Y RO~

Fig.1 Example about amount of contamination clogging in wire
feeding route parts
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F—Fa2—TLOEE (Lw ) L) BEEIKHIAMR L
722 LT, ERRHNTTA Y REOHD > X HWETEL
W ot EZbN5,

BHAR TR, 29524 Q90MPatka T 2, HE
32mm) E@ELY A7 7524 (JIS G 3136 SN490B, #

2 F v THROKRY
W7 3) FAMILIARC (324408878 T % o Fig.2 Contamination clogging at base of the contact tip
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Fig.5 Fluctuation of welding current, arc voltage and wire feed
resistance of improved and conventional [T] MG-82

Straight

Corner Welding layer

Root gap:4 mm Root gap:10 mm

35°

1
<t
N5

3 FAMILIARC™ MG-56R (A) &K T O PR R OO Writi~ 7 v & 8 %
Fig.3 Cross-sectional macro comparison [F] MG-56R(A) welded joint and welding layer

% 2 FAMILIARC™ MG-56R (A) A48 OBy &
Table 2 Mechanical properties of weld metal by [F] MG-56R(A)

YP(MPa) TS(MPa) vEgc(J)
Straight 567 645 Avg. 108
EAMILIARC™\[G-56R(A)
Corner Avg. 124
Spec.(490 MPa Grade) =325 =490 =27

Turn diameter : 300 mm

/ Torch cable : 6 m

Wire feeding resistance \

Wire feeder on movable table

4 T A Vet OB
Fig.4 Schematic illustration of wire feeding route
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Table 3 List of recommended SAW consumables for Box-Columns

TS 400 MPa TS 490 MPa TS 520 MPa
Grade of steel plate / / /
YP 235 MPa YP 325 MPa YP 355 MPa

TS 550 MPa TS 590 MPa TS 780 MPa
/ / /
YP 385 MPa YP 440 MPa YP 630 MPa

e PF-T53ES / smpc US-36L

]

(musmanePF-180ES * ! /musmanc US-80SP |

|[ eamiuiare™ PF-I53ES /raustarc US-49

llayer-1pass FamiaRc™ PF-T55ES /Famiuiare™ 17S-361.

)

[ emmsanc~ PF-T55 TS / musmane US-49 ]

2layers-2 passes

[ TAusTARC PF-T60K *! / Rustanc US-49

31 : New lineup

x4 BHESEMN
Table 4 Welding condition

Pass Electrode | Welding current| Arc voltage V&;el:el:ilg Heat input Pr::Se:::gr'a;E;Zr Groove shape
(6.49) (A) W) peed (kd/cm) P » P
(cm/min)

L 2,250 38 :/33\7

1 16 618 RT. Y
T 1,650 48 7580

g —¥

L 2,000 42

2 24 396 <250 < >

75,80

T 1,550 48
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Table 5 Mechanical properties of weld metal

Specification

Specimen

Tensile test™1

Charpy impact test™?2

(thickness) location YP TS EL
(MPa) (MPa) %) VEqc@)
106 111 100
KCLA385 Face 459 626 26 Avg.106
75
{76 mm) Back 533 654 26 97 121 142

Avg.120

120 97 123
SA440C-ST Face 471 641 24 e 113
80
(80 mm) Back 506 648 o5 143 121 144

Avg.136

%1 Size of tensile specimen; Dia. = 12.5 mm, G.L. =50.0 mm
$%2 10X 10 mm,2 mm V notch

Face_| ar 310
Charpy impact
specimen
Tensile
specimen
Back
1 ECAES 1
\ hS % 47 ilO
[mm]
7 R BRIUAL 1
Fig.7 Specimen location

Through hole Test plate Restraint jig
(Window) J
Restrained welding
770
230 1,100
Groove
f »
1,530
{cross section) .33,
80 | - i o leg length : =40 mm

[mm]

IOUI
M8 BRI

Fig.8 Schematic illustration of layout of both restraint and test plate

% 6 TRUSTARC™ PF-I60K / TRUSTARC™ US-49 747 438 DA iy M2 — 151
Table 6 Mechanical properties of [T] PF-I60K / [T] US-49 deposit metal

Tensile test Charpy impact test
Wire /Flux Diffusible hydrogen
YP TS EL VE () content(m1/100g)
(MPa) (MPa) (%) »e
TRUSTARC™ PF-J60K / TRUSTARC™ JS-49 606 686 26 12?&;;?191 32 Avg. 4.4
JIS 73183 S621-H4 =500 =610 =17 =27 =8.5
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SM490A Z$RH L7z 8N 5%, R4 OBHE SN
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WmEEZ 150C & L7zo WSS T 1k, A8WFMEIRICHE L
7B, FHBA S BB & B A4 U R sk (D
T, UT&w9) Z2FERML7. UTIE, JEHESEE + 10 dB
L, SHICHEISNZEREE — FiE FICHET % 8w
THEE L7z, MEBROMR, Bl L XV o a -3
D LN, EM %P B L -8 2 BHREE 150 LLE (250

TSGR\ 3 B A RN, JIS Z 31831ZHEHL L
A ERX SN LEE S b, TRUSTARC™ PF-
I60K/TRUSTARC™ US-49 D #l A& b & THE &IE D
SIS X O, KRR T i L 72, &6
KRB R AR T, BESROMEX S (]IS Z
3183 S621-H4| 1244 &, 590 MPa#k i o ik J i 12
TS 2R L7,

2.3 780 MPa#k#i BOX#E A MF 1 /N B EME

AR, S OERIEIC L B AF Y L — b OMRAL
OWNb H D, 780 MPak il A5 HEH S NG T b,
590 MPaf% 8l T BOXHAMFHEEL, 7~ —
T—=7@HICELD 1 NG L)AL EH SN TW 5SS,
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Table 7 Welding condition

Electrode | Welding current| Arc voltage

Welding speed| Heat input

Flux / Wire (6.49) ) W) (cm/min) | (kd/em) Groove shape
35°
Y
L 2,050 40 A
50

TRUSTARC™ PF-T80ES /
TEUSTARC [JS-80SP 20 462 . 2

T 1,500 48

s

T e Ry
e et sl T

56789/)123456789:{)123456789({)1234567 83
T T S e S G S R

9 TRUSTARC™ PF-IS0ES  TRUSTARC™ US-80SP iA kT 0
Y— FhH B
Fig.9 Bead appearance of [T] PF-I80ES/ [T] US-80SP welded joint
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Table 8 Mechanical properties of welded metals

Tensile test Charpy impact test
Flux / Wire YP TS EL
MPa) | MPa) | (%) VEwcld)
TRUSTARC™ PF-I80ES/
prm———————" 644 822 19 Avg. 79
Spec.(780MPa Grade) =630 =780 - =27

780 MPa Ml 13 5 LRI FE DN A B DL /S ZAEHHF
T %o 780 MPa il sl o ¥ 45 48 3 AR H A sz 1k A3
WO THEI L, FER /S A MRS 2 ek (A5 B B AL EAS
Hbo 12, IABDENRABHETIEIT—27 7120 E
WZ ERLIETAEMEIRE V. REITIE, 780 MPa ki
BOX D AMTIAT U 1 S ABES Ry 7~ — Y
T — 7 BEMBTH BT 5 v 2 ATRUSTARC™ PF-
IS80ES, 7 A4 % TRUSTARC™ US-80SP @ #4512 o v
TN T %o

B OB ONWT, 74 Y [JIS Z 3351 YS-
NM6J), 7 5 v 7 A& []JIS Z 3352 SACG-I1/, JIS Z
383D VB ELEREOME K 5k [JIS Z 3183
S804-H4| 12/ E N5 BHMHETLEIEZ, AF TV
— MIZKRABAERE780 MPa#h sl (BE 50 mm) % Hw
TR7 OBWFMTHE L7, ©— FOMNBZR 9, W
i~ 7 v Z2B10127R 3. WHAEREMER, 590 MPafh LT
DU B N LB L FERETH D, Bk
RS RIFCTH 5, BHESROBMNEE 2% 8 1R
Fo HIRAERA TR 2 20 5 10 mm (78 O EH 4R
g, Yo V¥ — iR I M T2 S 7 mm AL
BTN L 72, BESEOTIEMNERRIX, AF 7L -}
MK EREL, Yy VE—RIZ 2 LV F =12\ T
i, FEHTT JUEEmET S Z LR S .

X110 TRUSTARC™ PF-I80ES  TRUSTARC™ US-80SP {A#:4k T 0
Wit~ 27 o

Fig.10 Cross-sectional macro comparison of [T] PF-I80ES / [T] US-
80SP welded joint

3. IL7 MARZTBEEMH

3.1 $EMRE Y S XIS U HBEMROS A>Ty S

IV 7 MuRT7EE (LT, ESWEWw9) &, &
WZIEAR DL AR E SN L EREE 70 A TH
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BOXMHIZBIFBAAF L TFL—F e WNFA T 7510
EWICELSBEHENRTWD, X IWTHMMBE Y 5 212
L7294 v Fy TERT. B3R 2 B350
OWii~7 B2/ L TEY, HAATELRBEL T
bo TNIZEY, THREBAAPHELNTVD Z &3
ATE D,

ESW &, JR#EPH 2 BECR LT 178 A TOBEHE A
BETHY, Ay FDORENITEAELZND X, WBERD
FIZIZIZ100%TH B E VI FEEXEH S, WolT) TH
WABIEEPE) 7O A TH L0, e LIBERT
MREDOMERIIEEREE 2 5, BHETIE, Zhbo0if
FEIZHIS T %, BSESAT 10 ESW H 7 4 ¥ O BFE I
DHATVS,
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3.2 550 MPa® K U590 MPailksili 75 v 7 AAW T
1

BOE O REREIEERHG Tl, EHABORKIZED
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WS LBl HEHODV Y v KUAXOREZ,
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MHEICEEEEZBXIIT) AP EINL, Thb%
BRICEERSREADPEL LT T v 7 AAD TAL XY 2R

— A & L 72550 MPa 3 & U590 MPa il il (2 X &3 % 7

Fig.11 Example of ESW cross-section macro

4 ¥ FAMILIARC™EM-56ST 3 & Of TRUSTARC™
EM-60ST #Bi% LT\ 5, FAMILIARC™ EM-56ST I
[JIS Z 3353 YES560-M ], TRUSTARC™ EM-60ST &
[JIS Z 3353 YES600-M | (2S5,

JIS Z 3353 MR FEHGRERIC BT 5 B4R O BRIy
HERABAERO—BERI0ITRT, WTILOTA YD
H&L6mmTH Y, 75 v 7 AIZFAMILIARC™
EF387 7 v o7 RELMAGOETHHEINS,

BT, EW B SN WEICE
WC, JODRABRELGBYATT7ITLEAF YT L—b
DOAEHEE LT60mm X 40 mm & 65 mm X 45 mm
ZEEL, BOXBWNFA T 79 A%E LTS
WFERAZER L 72, SMOMAGDbEERI, BHES
B LUREERER12ICENREIURT,

BT ORI EE 2RISR T, WTNOREE
MBI A5EMREB L Y v L ¥ — B RE I E
SN ANRY 7 2 TR T 5 2 ARSI N, ¥
YV —HEEEBICHLT, BREEOAL LT, ESW
BRI ER SN M TH %5 Bond B & VHAZ
(Heat Affected Zone, Bond+1 mm) I2BWTH, AR
v 7 TR T A 2 LR S 7z,

R BEHEINT LS FORAT IEEMEO—EE
Table 9 List of Electroslag Welding Materials for building structures

TS 400 MPa TS 490 MPa TS 520 MPa TS 550 MPa TS 590 MPa
Grade of steel plate / / / / /
YP 235 MPa YP 325 MPa YP 355 MPa YP 385 MPa YP 440 MPa
EAMILARC™ [[F-38 /EAMILIARCES-55 ] [ EaMILARCEF-38 / TRUSTARCES-60ST ]
Solid wire ( sawwpnc BF-38 ) eisec BS-555T ]
(Flux / Wire)
( ewwisecEF-35 / ramusnce ES-565T )
! 'd
Flus cored wire [ FAMILIARC™ FLF-38 /EAMLIARC™ EM-56ST *! —

(Flux / Wire) TRUSTARCEM-60ST *!

%1 ; New lineup

10 JIS Z 335312 HERLS % W44 O BRI M B
Tablel0 Mechanical properties of the weld metal in compliance with JIS Z 3353

Grade of steel

Tensile test (center) Charpy impact test (center)

(thickness) Flux Wire
YP(MPa) TS(MPa) EL(%) VE 5¢(d) VE (@)
550 MPa | by pprcegpe-3g FAmLARE™ EM-56ST 483 657 26 - 51,78, 57
(25 mm) Avg.60

JIS Z 3353 YES560-M

590 MPa

e

TRUSTARC EM-60ST

126, 111, 115
Avg.117

JIS Z 3353 YES600-M

¥SESNET® #% GAP:23 mm, DCEP, 1 layer-1 pass , 380 A-48 V

R EHEMEB X UM
Tablell Welding consumables and steel plate

No. Flux Wire Skin plate Diaphragm Backing bar
1 EAMILIARE™ [\ [ 5 6o K(,I.j A385C-ST K(TL A385C
(t: 40 mm) (t: 60 mm) JIS G 3136
s T8 SN490B
9 TRUSTARC™ [0 [ GOST KC]_j A440C-ST KC.fL A440B
(t: 45 mm) (t: 65 mm)

i 4) SESNET i3 H $:i5# THEMOEHHETH 5.
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Tablel12 Welding conditions and groove shape

No. Welding conditions Groove shape
. Pillar |Baking bar
1 H.I : 861 kd/cm (ckin plate
380A-50V
Wire feed 123 mniDiaphragm
speed'9 m/min N
2 H.I :964 kdJ/cm Q
Baking bar

F13 BHAIR ORI
Tablel3 Mechanical properties of the weld metal

Tensile test (center)

Charpy impact test vEqc(J)

skin plate side

No. | vyp TS EL RA Weld metal —
(MPa) | (MPa) (%) (%) (Bond-1 mm)
Bond (Bond+1 mm)
1 119, 84, 128 141, 122, 83 117, 120, 127
460 659 26 70 Avg.110 Ave.115 Ave.121

2 481 700 25 70

167, 114, 166

Avg. 149

115, 68, 109 124, 111, 108
Avg.97 Avg.114
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