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Development of Field Girth Welding Simulation and Test Procedure Development to Evaluate Pipe
Properties at HAZ in Girth Welded Portion
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Abstract

It is important controlling properties in welded portion generated by field girth welding. Thus
Nippon Steel & Sumitomo Metal Corporation is conducting two developments about the girth
welding. The first one is simulation technique of the field girth welding, it is called “field girth
welding simulation”. The second one is a test procedure development to evaluate properties of weld
heat affected zone generated in pipe body, it is called “weldability test”. A field girth welding
simulation on X80 UOE pipe and a weldability test on X65 seamless pipe are reported in this paper.
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F:1 X80 HEBMDILZER S
Chemical compositions of base metal of X80 UOE pipe
(mass%)
C Si Mn P S
0.06 0.14 1.72 0.006 0.0012
Others Ceq (ITW) Pcm
Cu, Ni, Cr, Mo, Nb, V, Ti 0.43 0.18

\_Root pass
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Bevel preparation and pass sequence
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®R2 BEEG
Welding procedures
Pass Root (inside) Hot Fill - cap
Process Semi-auto GMAW PGMAW
Position 1G 5G 5G
Equipment DAIHEN RMS RMS
DM-350
. . Nippon-Sumitomo YM-SCV (1.0 mm)
Welding wire
(Eq. AWS 5.18 ER70S-G)
Shielding gas |75%Ar-25%CO,|  100%CO, |70%Ar-30%CO,
Heat input
(kJ/mm) - 0.3 04~07
Preheating was not applied.
Note
Inter pass temp < 100 °C
K3 BELEOILERS
Chemical compositions of girth weld metal
(mass%)
C Si Mn P S
0.069 0.71 1.48 0.009 0.005
Cu Ni Cr Mo v
0.31 0.04 0.04 0.02 0.01
Ti Nb B Sol-Al Insol-Al
0.002 0.008 0.0006 0.008 <0.001
(0] N Pcm Ceq (IIW)
0.03 0.0033 0.19 0.35
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Macro structure and measurement lines of hardness
distribution
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Cross weld hardness distributions
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! Diameter: 3.0 mm

thickness

15.6 mm

{2mm

“Full strip” specimen

Round specimen
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Schematic illustration showing location of tensile specimen
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Stress-strain curves of girth weld metal by using round bar
specimen
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x4 MHEBEEZEOS|RYABRER
Results of tensile test on girth weld metal

. . Yield strength |Tensile strength
Specimen type Location
(MPa) (MPa)
Outside 574 728
Round bar Middle 708 745
Inside 693 734
Strip Full thickness 674 725
Base metal data 541-576 717 - 741

Girth weld

8 F5[5R ) SHERIERISESIER
Fracture appearance after the cross weld tensile tests
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Charpy impact test results at welded portion

#&5 CTOD HEiER
CTOD test results

. Temp. CTOD value
Notch location .
(O (mm)
Weld center line -10 0.32,0.35,0.33
Fusion line -10 0.40, 0.61, 0.34
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R6 BERM
Welding procedures
Low heat input High heat input
Process Pulsed GMAW SAW
Position Pipe rotated Pipe rotated
Aimed heat input 0.5 kJ/mm 1.6 kJ/mm
Preheat/interpass temp. max. 50°C 125 ~150°C
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Backing ring
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Example of half K bevel

(mm)

(a) 0.5 kd/mm GMAW joint
HAZ straightness: 0.76 mm
CGHAZ+ICCGHAZ: 64.9 %

(b) 1.6 kd/mm SAW joint
HAZ straightness: 0.98 mm
CGHAZ+ICCGHAZ: 52.5 %

11 <UD CERETHEER
Macrographic examination results

R7 BRUSOERRM E I 7 OEBEHERER
HAZ straightness and CGHAZ+ICCGHAZ ratio
Joint | Specimen | HAZ straightness CGHAZ
WPS +ICCGHAZ
ID ID (mm)
(%)
M2 MW-1 0.76 64.9%
PGMAW MW-2 0.88 66.9%
0.5 kJ/mm M3 MW-3 0.68 58.9%
MW-4 0.73 62.8%
52 SW-1 0.98 52.5%
SAW SW-2 0.85 57.3%
1.6 kJ/mm $3 SW-3 0.95 67.1%
SW-4 0.56 63.8%
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precrack on the HAZ ratio on the precrack
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Temperature (°C)
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CTOD test results at coarse grain HAZ
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