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ABSTRACT

A Study on the Mechanical Behavior of Weld Part of
Ultra Thickness Plate by using EGN(Electro Gas
Welding) and FCAW(Flux Cored Arc Welding)

Go Min-Seong

Advisor : Prof. Bang Han-Sur Ph.D.
Dept. of Naval Architecture

and Ocean Engineering

Graduate School of Chosun University

Recently, a steel structure in industry becomes a larger
structure and consequently an application of ultra thickness
plate of the high-tensile is augmented.

An application of ultra thickness plate increase man—hours,
therefore multi-layer welding FCAW(Flux Cored Arc Welding)
substitutions of existing, applies 1Pole EGN(Electro Gas
Welding) processes from below steel thick 55mm and above of
55mm 1Pole EGW processes and FCAW processes and 2Pole EGW

process high efficiency substitution line welding process are



become accomplished for an improvement of welding productivity

However, EGW process affect big in physical properties of
the base metal and the welding material, differently the
multi-layer welding(FACW).

The welding of ultra thickness plate by EGN as well as
limited heat input and a heat treatment after welding is
required, for reduce a brittle fracture due to an overdose
heat input.

ODue to fracture toughness and fatigue |ife decreased in
accordance with highly heat input welding process on an ultra
thickness plate.

As some outside Classification (NK, GL) used in steel
thickness (65mm or more) questions about filed with the
relevant provisions and measures to enhance fracture toughness
and CTOD (Crack Tip Opening Displacement) or Kca (Crack Arrest
Ability) design standards for the destruction is required.

However, considering the domestic case of brittle fracture
of ultra thickness plate established criterion are not
applied, as well as the theoretical and experimental research
on the effectiveness and the very lack of systematic research
is considered.

Thus, for a highly heat input welding in ultra thickness
plate performance and mechanical behavior of materials
phenomena, by examining the safety and reliability in welding,

as well as urgent response, called the plan will prepare.

_Xi_



In this study, a high-strength ultra thickness EH36-TMCP steel
by highly heat input welding process

In this study, a high strength ultra thickness EH36-TMCP
steel highly heat input welding process applied to EGN, A weld
reliability and suitability, to ensure endurance, the heat of
welding and welding residual stresses due to temperature
changes and the prediction of residual stress and its impact
on the destructive behavior was identified, as well as
conventional multi-layer welding FCAW weld characteristics and

differences comparisons, were reviewed.
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A

(e) Cross section of FCAW welded specimen

Fig. 3.1 Configuration of welded specimen
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Table 3.1 The chemical composition in EH36-TMCP and wire (Wt%)
Material C Si Mn P S Ni Cu Ti
EH36-TMCP 0.18 0.1~0.5] 0.9~1.6 | 0.035 0.035 0.4 0.35 0.02
Wire for
0.05 0.25 1.6 0.009 0.007 1.4 - 0.05
EGW
Wire for
0.04 0.38 1.10 0.012 0.010 1.55 - -
FCAW
Table 3.2 The mechanical property in EH36-TMCP and wire
Material Y.S(N/mm?) T.S(N/mm%) E.1(%)
EH36-TMCP 355 490~620 21
Wire for EGW 500 615 25
Wire for FCAW 560 620 29
Table 3.3 Welding condition of specimen for EGW
S Number of Pass Current Vol tage Arc Time Spee'd IntTeermppass lHneth
(Total /2Pass) (A) (V) (s) (cm/min) () (KJ/cm)
Top(1Pass) 400 42 1589 4.5 116 235.2
EGW
(3G)
Bottom( 1Pass) 430 44 1310 5.5 162 206.4
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Table 3.4 Welding

condition of specimen for FCAW

(%Tg?r /05375222) , Interpass
Current(A) Vol tage(V) Arc Time(S) Tom(G)
Top Bottom

1 1 240 300 30 31 405 373 119 119
2 2 280 300 31 31 352 361 123 135
3 3 300 300 31 31 365 359 114 157
4 4 300 280 31 32 143 223 123 128
5 5 300 280 31 32 182 209 141 147
6 6 300 280 31 32 193 262 137 130
7 7 300 280 31 32 172 191 131 112
8 8 300 310 31 31 151 265 115 129
9 9 300 310 31 31 174 262 119 145
10 10 300 320 31 31 147 244 131 125
" " 300 320 31 31 199 226 149 136
12 12 300 320 31 31 151 237 127 115
13 13 300 320 31 31 201 246 139 118
14 14 260 320 29 31 131 212 152 124
15 15 260 320 29 31 171 187 121 131
16 16 260 320 29 31 121 257 147 135
17 17 260 275 29 31 117 213 114 105
18 18 260 275 29 31 153 227 127 111

19 275 31 176 125
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%5 BER EEH2 MEER

5.1 EGW &2 MEEFFE

5.1.1 5I5REE:

SHLO| AMUTE AMEH half thicknessOl CHoll AAISIFCH. QI&EAS A}
25 ZTHOIA IS0l T/l QAT HIARS2 2540Mpazs A2 0AM 2FR6ts
U2 AJES EOIE = QURUCH. EGN STAISESHHON OIS AIEZUE Table 5.1

Table 5.1 Tensile test results of EGW
; Tensile strength
ltem Slzze Area(m)
(w> tmm) Total load(Ton) | Unit stress(MPa)
Spec. - - - 470~620
1 25.0x 40.2 1005.00 55.60 542.16
2 25.6x 35.83 903.68 49.80 540.05
3 25.4x 38.5 977.90 53.30 540.25
4 24.9x 37.8 941.22 50.85 536.17
5 14.00 153.86 9.95 633.75
<) Requirement: Min. 470MPa
«) Specimen Size (w Xtmm) : 25 X 39(Halfthickness)
«) Fracturelocation: B. M.
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. &g Z1 Table 5.2

da2r30AM 27

zg Adge 2
2 Photo. 5.10l E0l= Hi2t 20| Z2&0] ALK LA2H
XE CHFEES g2 =08 = UL
Table 5.2 Bending test results of EGW
[tem Specimen Type Angle Requirement Resul t
1~4 Side bend 180° Open defect length< 3mm | Accepted

Photo. 5.1

Bending test of EGW welded specimens
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5.1.3 #HERAER

200l AF2I =2 AIE(CUN impact test)=S

O

2o 29

Old ZUXIE Table 5.3 ¥ Fig. 5.100 LIELHALY.
F.L+1mm,+2mm,+3mm,+5mm, +10MM)E % <IXI(Face, Middle)E
50J Ol&tel 042 20l1 A2l HA=27A
£ S0l =6t UASS HAE &= JJUCH

_|

=
=T
=

20M 270t=

Absorbed Energy(J)

Photo. 5.2 Results of CVN impact test

& Requirement: Min. 34J at-20T
«w WM. FL, FL+1mm, +2mm. +3mm, +5mm / Face, Center

400

350

300

250

200

150 +

100

50

o]

FL

Fig. 5.1

FL+1 FL+2

Notch location

Impact test
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Table 5.3 Impact test results of EGW
Notch Location Specimen No.
(Face) sl
1 2 3 Avg.
Weld Metal 146 .6 148.6 163.4 152.9
Fusion Line 313.1 210.9 280.6 268.2
Fusion Line + 1mm 246.0 272.1 280.5 266.2 Trans.
. . Requirement
Fusion Line + 2mm 231.0 337.1 325.7 297.9
34J(at
Fusion Line + 3nm | 341.6 314. 1 318.7 324.8 -20T)
Fusion Line + 5mm 328.0 299.8 316.4 314.7
Fusion Line + 10mm 323.4 322.9 317.3 321.3
Notch Location sl 1.
(Middle) Remark
1 2 3 Avg.
Weld Metal 126.7 126.7 119.6 124.3
Fusion Line 170.8 302.2 328.0 267.0
Fusion Line + 1mm 270.7 280.5 283.0 278.1 Trans.
. . Requirement
Fusion Line + 2mm 217.9 307.0 323.4 282.8
34J(at
Fusion Line + 3mm | 328.0 328.0 273.2 309.7 -20C)
Fusion Line + 5mm 350.5 339.5 316.4 335.5
Fusion Line + 10mm 341.6 341.1 346.0 342.9
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5.1.4 WMERER

J

ro
12
~

|82 Photo. 5.30 S AIStHI2F 20| Top side2t

&2, 21

Z2009 NES =l
2 215HVE B8 BRPI MO B

T = Hv2350l36t,

39
o
OH

iz

F-I[[

Bottom side 2|

2HE

IUIHJ

&

Photo. 5.3 Hardness measurement point of EGN welded specimen

Table 5.4 Hardness test results of EGW

=
=)

= X+
S5

oY

I

Jn
oy
I

S0l Bt 0l Ciax
HAZ= 2180lot2

Hardness Value (HV10)

1 2 3 4 5 6 7 8 9 10 11
206.5 | 174.4 | 185.6 | 175.0 | 215.4 | 215.6 | 209.2 | 191.7 | 187.8 | 190.1 | 214.9
12 13 14 15 16 17 18 19 20 21 22
210.4 1 199.3 | 204.1 | 218.1 | 232.2 | 235.6 | 236.4 | 207.2 | 216.9 | 212 | 211.1
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5.2 FCAW fa#%&R2| tEREFFHE

5.2.1 5|5RaER
EYRO UXATES ABE half thicknessOl CHOH AAIGIRACH. AFASZAD
S 2TOIA MEOl SAH AIHAE RS A4540MpaZ AAUA 27ots

$HS HTS oY = UASLICH. FCAN STZAIZEHO CHE UEFAIE

[
e

rr

P

Table 5.5 Tensile test results of FCAW

) Tensile strength
Size -
| tem (W tmn) Area(mr)
Total load(Ton) | Unit stress(MPa)
Spec. - - - 470 ~ 620
1 25.3 x 38.0 961.40 52.60 536.17
2 25.3 x 37.5 948.75 51.30 529.89
3 25.3 x 37.3 943.69 51.95 539.48
4 24.9 x 37.8 941.22 52.25 555.13
5 14.20 158.28 10.50 650. 11
« Requirement: Min. 470MPa
«) Specimen Size (w Xtmm) : 25 X 39(Halfthickness)
«) Fracturelocation: B. M.
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Table 5.6 Bending test results of FCAW
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Table 5.7

Impact test results of FCAW

Notch Location Specimen No.
(Face) Remark
1 2 3 Avg.
Weld Metal 110.1 126.7 107.7 114.8
Fusion Line 64.8 96. 1 98.1 86.3
Fusion Line + 1mm 278.1 173.3 107.7 186.4 Trans.
. . Requirement
Fusion Line + 2mm 337.1 323.4 318.7 326.4
47J(at
Fusion Line + 3mm 299.8 318.7 307.0 308.5 -20C)
Fusion Line + 5mm 346.0 323.4 334.8 334.7
Fusion Line + 10mm 339.8 340.7 340.2 340.2
Notch Location Specimen No.
(Middle) Remark
1 2 3 Avg.
Weld Metal 49.9 52.0 37.6 46.5
Fusion Line 98.4 84.7 103.1 95.4
Fusion Line + 1mm 190.8 378. 1 334.8 301.2 Trans.
. . Requirement
Fusion Line + 2mm 354.8 378.1 343.8 358.9
47J(at
Fusion Line + 3mm | 323.4 253.4 314.1 297.0 -20T)
Fusion Line + 5mm 330.3 323.4 309.4 321.0
Fusion Line + 10mm 309.4 299.8 304.6 304.6
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HE
Hel
i
z
E

@ Requlrement Max. 260Hv for Weld, Max. 350Hv for HAZ

PSS Tamn

Photo 5.5 Hardness measurement point FCAW weldéd épecimen

Table 5.8 Hardness test results of FCAW

Hardness Value (HV10)

1 2 3 4 5 6 7 8 9 10 11
194.8 | 217.9 | 212.9 | 207.9 | 212.0 | 218.5 | 218.2 | 231.4 | 223.8 | 210.2 | 190.9
12 13 14 15 16 17 18 19 20 21 22

232.6 | 225.3 | 222.6 | 198.8

186.4 | 229.6 | 240.6 | 241.6 | 204.5 | 225.2 | 220.7
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