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A Feasibility Study on the Application of Self-Shielded Flux
Cored Arc Welding Process for the On-Site Steel
Bridge Box Fabrication

Yong-Hwa Hwang'*, Jin-Hyun Koh’ and Se-Yong Oh’
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Abstract A feasibility study on the application of self-shielded flux cored arc welding to the on-site SM520 steel
bridge box fabrication for express trains and high way construction instead of gas-shield flux cored arc welding was
conducted in terms of weld soundness, mechanical properties, toughness and microstructures. All welded specimens
made with the self-shielded FCAW process were tested by magnetic particle and ultrasonic techniques and they were
found to be sound. All multipass weld specimens made with both self-shielded and gas-shielded FCAW processes
showed yield and tensile strengths of 462~549 MPa and 548~640 MPa, respectively. The impact values of Charpy V-
Notch weld specimens also met with the required value of 40J at -20°C. The hardness values of the top area of
weldments were higher than those of the bottom area because of higher residual stresses in the near surface. It was
found that welding characteristics of SM520 steel by the on-site welding conditions with self-shielded FCAW showed
almost equivalent to those by gas-shielded FCAW in terms of sound welds, mechanical properties and microstructure.

Key Words : SM520 steel, Self-shielded FCAW, Gas-shielded FCAW, Mechanical properties, Weld metal microstruc-
ture, HAZ, Ultrasonic testing and Magnetic particle testing
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Specimen |Groove angle| Welding | Heat input | Number of
No & shape position | (kJ/mm) pass
1 50°,D.V vertical 3.6-3.8 9
2 35°,S.B flat 0.9-1.7 25
3 35°,S.B vertical 1.9~2.7 16

Note : D.V(double V groove), S.B(single bevel groove)
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A A 9t 0.5 mm A2 E, BAlE lmm

C Si Mn P S SAL Cr Ni Cu \' Mo B Pcm Ceq
0.14 | 033 1.39 | 0.018 | 0.004 | 0.029 | 0.01 0.2 021 | 0004 | TR TR 024 | 039
Ceq=C + Mn/6 _ Si/24 + Cr/S + V/14 + Nv40 + Mo/4
Pem = C + Si/30 + (Mn+Cu+Cr)20 + Ni/60 + Mo/15 + V/10 + (5*B)
(b)
C Si Mn P S Cr Ni Mo Al
0.044 0.17 9.82 0.005 0.003 0.15 0.81 0.015 0.636
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No YS(Mpa)| TS(Mpa)| EI%) | RA(%)

. slf | S1 | 640 27 60
co, | s07 | 605 28 62

) slf | 521 | 623 27 66
co, | 525 | 627 26 63

; slf | 519 | 611 25 59
co, | 505 | 602 27 60
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Specimen Location of - CO, gas
No notch Self-shiclding shielding
| WM 89 93
HAZ 221 240
5 WM 53 60
- HAZ 203 180
3 WM 74 75
HAZ 107 110
FEHEEL 59-66%, TANES 25-27%= YIS,

CO, 7I2AE {79 FENEE= 505~525 MPa, 2
AREE 605627 MPa, GAFEES 60~63%, A4l
BE 26~28%% F 27 of§t £HF BFE & g
o] g3 A= Xol7t JFAT FEA=, A3
T, 9ReES 2 A9 e Mt A9 H|kdt
A dzatdch wekd Co, 7HaAE SN AX
Ae SHR ARFES} FEREM A hFe
g 7RSS BT S U

[e]
=]

34. SHMH

H 4= 845 EFYgRA =AE st 9
o A2 FAAIE Aot FAAE 548 B
QAT 20°C A AZAE @ FREAE FCA £3%
o] W FAA oI, AxEAT LHAH |, 29 39] &
HEo 2AXE Zt2, 89, 537 74J0l%, JtdE &
HAA 1, 29 39 T FHA= A 93, 609
75J0it}. $4F-9 FAA M o]s} 22 Aol &4
2 G2 ARG dE kel B 29} 7ol AlERIE 1,
3% 2 £oF Yol §4 ¥ £3FEFY ¥AE=TT 3
7] wie] A% &3vAzgol o FIR A2 AR
2123

oy drde A |1, 29 39 YT 4
e Z4zt 221, 2033 1075°) 2, 7EAAE S8AH 1,
29} 39] GPFF FHX = 240, 1804 11070jt}. B
- Hi AR SN FAXEY dF9EIt
A G o)A S d9EEY o Fogst
Ao oln] LHmMAMEA A 2AT vie} o] tF
& ol Al &-5F T3 SHF £ A8
H §HL <3 A7rFE e} Az o] u)H|SHrefined)
7] wtoltt, zevh &35 dFFF BT -20°C
oA SAAA 407 ole 87 HF STRE &
F RS 2 $x7iew @ dudes) vks
A= FCAWC] g 83459} Agaie F4MgL
H=3 A8 A



3]
er

gaFolr olzRHe FE v Aol

=

HT

Hardness{Hvl}

Hardnessir)

3.5. A E
2% 9% BA, Fuiel Bade] AuAEAs
HoZy 9t} AEAE 24 180~210 Hv, SF%
220~320 Hv, 354 210~240 Hy HHE wojs
or dPEEst S3aFERT At B 0lR
oln] HF vNZA AlRlelA 2z ve) 7o)
gt Aefol B Gy SHEE] vz vjws)
B g GPIe] wAzH o] Het o]
volB, A4} #H#ke|E(ferrite with second phase)t
AllEZHo|EM|=RtAEl ") H2tolErt A
g Fo g gzhEc),

2853 gEEERA S49

F SHEEFO] SHAEFI A
Ho} ZAxr} g, o] AR Kol
=2 IFSEH AGEI Rl

& B oo oo

2427} B Bokd A

i

SR g E T} T
2 AR

4.4 £

B ATgME I&H8 aEeaAdr] g
vk A A SM520 FEE FAE A8 gmm
FCAWE 148 7HE 2o #A oA HE7bsA
A7) Sisl F9ALT, o|& Ssl AZAE FOAWS
ATTLA FCAW ZEA|A9) £HEAS vFs )
o 2e 4E8S A

1. ¥ SgE2M 20 98t $45= s gAke)
FUAE 2 AANE 2 AR $FENT 88
FEY QPR YRR ¥ AUE 5 A 4

127

oH, AT 20°CoAM aFEHe F
40] Bu} R E9dh
9 7EAME FCAW Z2A|2d) 2% &
22 T QA Heto]Ee} Alo]=E o]
AE Ao AEde FCAWS] 2%
mA 2o} 7kaAE FCAWS 213 &
HFee) Az no 25 o Zsigic
3. F SHIBA 2 o3 ST e
£Rvt Qe o o). ojRe 8 &8
2] dggie) w2 o] gk wvpo|EA Hgjo| Bt
rtoleZeolE Heto|EvF A EAY] o]t &
HE AR At 845 R o w3 oA

33 = H.f?:
E ¥uelER
AT EANM

847

e
& HAFTt B AR ARl | B W
Fow Atggr}

4. /\-ﬂzz:/\h: FCAWE /\}—9-0}0:1 a—}z} ,Q_ 4 2zA 0{11
S-SRl 52 vtads FCAwel 28 &4

R 543 Ao dFsis] vl da 3
AE GFe e SHRUAA @ AE7Rsel 8l
th AtsEn

BZL

a8

[11 K. J. Rodgers and J. C. Lochhead, “Self-shielded

Flux Cored Arc Welding-The Route to Good Fracture

Toughness, Welding Journal, Vol. 66, No. 7, pp.49-

59, July 1987

Anon, “Self-shielded FCAW Speeds High-Rise

Construction, Welding Journal, Vol. 63, No. 4, pp.47-

49, April 1984

Anon, “Office Building Columns Field Spliced with

Self-shielded Welding Wire”, Welding Journal, Vol.

65, No. 10, pp. 53-54, Oct. 1986

D. 1. kotecki and R. A. Moll, “A Toughness Study of

Steel Weld Metal from Seli-shielded Flux Cored

Electrodes-Part 1, Welding Journal, Vol. 49, No. 4,

pp-157s-163s, April 1990

TAG 9], it B 202 2folo] BolA 92

Zro] £ Be] ol|zA g Qo) mixE g8, oat
L83, A 118 A 4F, pp.57-63, 1993, 12

TAE 9], “SA508 class 3 MEHAZ olH8-H 5

71AE Ado A g g dg, N e

2], A227 A|5E, pp.38-45, 2004. 10

[71 Classification of Microstructure in Low Carbon Alloy
Weld Metal, IIW Doc. 1X-1282-83, 1983

[8] K. Easterling, Introduction to the Physical Metallurgy
of Welding, Butterworths, pp. 75-77, 1987

[9] B. Dixon and K. Hakansson, “Effect of Welding
Parameters on Weld Zone Toughness and Hardness in

(2]

13]

[4]

[5]

16}



8} =54 A6d A)23., 2005

%
[t
2
N,
i

690 MPa steel”, Welding Journal, Vol 64, No.1 P122s,

Jan. 1995

R. A. Farrar and Z. Zhang, “Aspect Rations and Mor-

phology of AF in C-Mn-Ni Weld Metals, Materials

Science Technology”, No. 11, p.759, 1995

[11] N. J. Smith, J. T. McGrath, J. A. Gianetto and R. F.
Orr, “Microstructure/mechanical Properties Relation-
ships of Submerged Arc Welds in HSLA 80 Steels”,
Welding Journal, Vol. 58 No. 3, p.112s, March 1989

[10]

&S]

11 &l 8(Jin-Hyun Koh)

¢ 1985319 : Lehigh Unversity #&
& (FEHAD

©198715¢ : Lehigh University A&
F&a FsAh

019873 59~1991d 29 : ¥=47}
gddts

0 19919 39~8A) : 57| EASTH AL
A& W

<@y gop>
g3oba, vlolARAY, AAEAE

& 2 3l(Yong-Hwa Hwang) (S

020024 29 : SR/ & TS
7171583 (F44h

020054 59 : FEhsta 71AF
(FALEA)

019799 2937 : FFAAHATE

<HHEp>

Hgd Boly, S0k, dAHAR

2 Ml 2(Se-Yong Oh) (&3]

02002d 29 : =TT ST
71AIZEH (34D

02005 59 : Fuigia 71A1F 8

(FEharAtg)

<HAFok>

2234, §kF

128



