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Application of Narrow Gap Welding Process with High Speed Rotating Arc
to Box Column Joints of Heavy Thick Plates
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Abstract:

Recently, heavy thick plates of high strength steel have been applied to the columns of high-rise buildings in
Japan. The maximum thickness of the plates reaches 100 mm and the application of SA440 steel, having yield
strength of 590 N/mmz, has now become common. In addition, unprecedent high welding performance, such as
higher than 70J CV at 0°C for the welded metal, is now required to fabricate these plates. The authors have
developed a new welding system to combine the narrow gap welding process with high speed rotating arc (Patented
by JFE Engineering) and the submerged arc welding to keep the required quality for the corner welding of plates

with the thickness more than 70 mm. The paper introduces the outline of the new system.
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Fig.1 Welding sequence of box column
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Table 1 Comparison of corner welding procedures
Welding procedure Groove shape and pass scheme Advantage Defect
25°—
357
. - Few restrictions for application | -
CO, gas metal arc welding - Small heat input Low efficiency
8-10 —
A unit: mm
25°—
35—~
CO, gas metal arc welding+SAW ? - Few restrictions for application “Low eﬁ“lcm{ncy
- Large heat input
8-10 ]
unit: mm
~- 1015
Narrow gap SAW or - Higher efficiency than @ or .® - Sensitive to accuracy and
Narrow gap MIG welding  Small consumable consumption cleanliness of groove
10-15 + - Small heat input
LA unit: mm
— 10715
P —
Narrow gap SAW . - Higher efficiency than 3) : Sensn_lve to accuracy and
(or Narrow gap MIG welding) - Small consumable consumption cleanliness of groove
+SAW with large heat input P - Large heat input
unit: mm
A Sy~
- Inapplicable to heavy thick plate
One-run SAW N (Maximum plate thickness is 60
. - Excellent efficiency to 70 mm.)
with three electrodes :
- Huge heat input
- Specialized equipment required

Multi-run SAW
with large heat input

- Good efficiency

- Strict procedure control required
- Large heat input
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Fig.2 High speed rotating arc welding process
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Photo.1 Effect of the rotating speed to the shape of weld bead
in narrow grooves
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Photo 2 Application to cylindrical structure
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Photo 3 Weld bead section of rotating arc welding
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Fig.3 Groove detail
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Photo 4 Procedure test for butt welding

T, BEHROVERERCIGHE R & 7% E ORI 2 BB L7z, %
KRR EZBTE 4 1285

52 Ky 7 ZHBREICK HEER

Ry 7 2RO 8 AR & B PR O fERR 729,
FWMROKR Y 7 28 BR BE 0 100 mm, K v 7 A~k
1000 mmO, MFEX :3000mm) THEL e = DL,
FSETEARIZ N 4 \ R $ AR #ERSE & U Cmdi it 7 — 2 Sk
Sors e E (BESME, 340 A-36 V-25 cm/min T 14~
15782) L7zo ZOREBRICEY, Ky o 2HART~EH
OBO, it TEHEOMEY (FTRIL) RHEEmMoEm
PEE DR 2 iR L 720 EIRIREZBTE 512, BB
M~/ uG5E*BEEHGBIIRT,

BES5 Ky 7 AHAREICEZHBRIKRL
Photo 5 Procedure test for box column corner welding
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Photo 6 Macroetch test specimen for corner welding
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Table 2 Tensile test results of all deposited metal

By . YS TS ,
Position of specimens | Number (N/mm?) | (N/mm?) El (%)
Deposited metal 1 552 647 24
(SAW) 2 563 648 25
Deposited metal 1 533 617 26
(Boundary) 2 558 627 24
Deposited metal 1 657 690 24
(NGW) 2 674 686 24
Acceptance criteria — — =590 —

*NGW: Narrow gap welding
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Table 3 Impact test results

Impact test: VEj-c (J)
Position of specimens Each Aver,
@ ) ®

Deposited metal (SAW) 132 110 123 122
Deposited metal (Boundary) | 148 117 160 141
Deposited metal (NGW) 79 87 89 85
Weld junction (SAW) 115 121 94 110
Weld junction (Boundary) 99 156 162 139
Weld junction (NGW) 203 205 187 198
Acceptance criteria — — — =70

*NGW: Narrow gap welding
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Fig.4 Example groove details in actual projects
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