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Progress in this Decade and Future Prospect of Welding Technologies on Steel Plates and Pipes
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Abstract

Various aspects of qualities are required in steel structures, such as strength, toughness, heat
resistance, weldability, anti-corrosion and the requirements have been getting severer. Welding
science, therefore, should be more sophisticated in many fields such as efficiency, quality, energy
and cost save. In this session, the author will review the progress of steel and welding technology
along this decade, and will introduce some topics in shipbuilding, civil construction, bridge
engineering, tanks, and renewable energy fields.
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Schematic diagram of four-electrode VEGA® welding
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Macrostructure of welds 100 mm and 200 mm thick with
four-electrode VEGA® welding process
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Welding method: GMAW
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NSSW SF-1 - GP (exclusive
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NSGP®-1 [FZMRFEBDERHER B ORE (—17F1)
Cross section view of welded joints of NSGP™-1 after
corrosion test
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Impact test results of welded joint (plate thickness: 20mm)
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Appearance of the TOKYO SKYTREE®
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Example of welding positions required in the TOKYO
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F£2 SF-55 # BB EESEOLFMER & HEARRAF G
Example of chemical compositions and mechanical properties of weld metal with the SF-55 flux cored wire

Typical chemical ition of weld metal
Brand name Classification ypical chemical CoMPOSIHOn oF weid meta Mechanical properties
(mass%)
SF.55 JIS Z 3313 YFW-C55DR C Si Mn Mo Others YP TS EL | Charpy absorbed energy
(T550T1-1CA-G-UH5) 0.06 0.4 1.28 0.15 — 560MPa | 629MPa | 25% 94] at 0°C
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Appearance of the Tokyo Gate Bridge
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Example of the panel points on the Tokyo Gate Bridge

YP: Yield point, TS: Tensile strength, EL: Elongation
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Charpy impact test results of welded joints on SBHS500
steel by high arc energy SAW
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9%Ni steel (max.)
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Critical CTOD at —165°C [mm)]
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AN =BERL) THAHDIH LT, Ni s TMCP-L-T CTOD test results of welded joints
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Ni I EOMGEAFEB L 720 B 1112 Ni R = (L g (SMAW, GTAW)

= EETE O CTOD (Crack Tip Opening Displacement) 5A5% é . Notch(FL)

Horizontal weld
(SAW)

FERAZIRT, R 4187 Heat A, Heat B DG IZHB W

T 9%Ni §l & AR DB /GRS N TV D 12,
SHIZERBEO LNG ¥ > 7 R = Mg L 72 KB /‘ ~

Bre LTk IAnED RHER S il L 7. SERRE ‘ 600mm ‘

1212, RBERZRS BLORI3 IR T, WAL 19 ARG CTOD MEEE

#.? GTAW (Gas Tungsten Arc Welding) #k T & SMAW CTOD test results of welded joints

600(6~25mmt)
460(40~50mmt)

x4 LFRA CBESE

Chemical compositions and production process

Chemical compositions (mass%) .
- - Production process
C Si Mn Ni Cr Mo
Heat A (7.1%Ni-steel) 0.05 0.05 0.8 7.1 added | added TMCP (DQ-L-T)
Developed steel ;
Heat B (6.3%Ni-steel) 0.05 0.06 1.0 6.3 added | added TMCP (DQ-L-T)
Conventional steel 9%Ni-steel 0.05 0.22 0.65 9.2 Tr. Tr. RQ-T

DQ: Direct Quenching, RQ: Reheat Quenching, L: Lamellarizing, T: Tempering
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x*5 +TFMFLEEERARER
Results of cross weld notch wide test

Thickness Width . Notch Fracture stress (net)
Welding method — Temperature (°C)

(mm) (mm) Position Length (mm) (MPa)
6 600 SMAW Fusion line 36 -166 822
25 600 GTAW Fusion line 50 —167 - —181 752
Heat A (7.1%Ni-steel) 25 600 SMAW Fusion line 50 —168 - —185 756
40 460 GTAW Fusion line 80 -165--179 768
40 460 SMAW Fusion line 80 -166 - —179 812
50 460 GTAW Fusion line 100 -163 --173 807

6 600 SMAW Fusion line 36 -165 1002
12 600 SMAW Fusion line 24 —165 954
Heat B (6.3%Ni-steel) 12 600 GTAW Fusion line 24 —-165 983
32 600 SMAW Fusion line 64 —-165 857
32 600 GTAW Fusion line 64 —-165 851
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Fracture path and fracture surface of cross weld notch wide test (Heat A, 25mmt)
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0.7 Plate thickness 60mm, X groove
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No groove preparation is required
before outside welding
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Advantages of high heat input SAW in arc time
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Example of macro sections by high arc energy welding
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Charpy impact test results of welded joints by high arc
energy welding
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