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A Study on the Welding Process of High Strength Steel Pipe
in GTAW-SMAW and SAW
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Abstract

This study is to compare the welding quality of API 5L-X65 Steel- pipe’s for natural gas transmission
piping applied by SAW at shop and by GTAW-SMAW at site.

The results can be summarized as follows; 1)Tensile strength of the welded zone by SAW(611.5 MPa)
and by GTAW -SMAW(608.6 MPa) was maintained greater than that of the base metal(583.5 MPa).

2) Hardness of the welded zone and HAZ by SAW(Hv 194.8) & GTAW-SMAW (Hv 196.1) was slightly
increased above that of the base metal (Hv 168.8), but less than the maximum allowable hardness(Hv 248).

3) Impact value of the welded zone by SAW(126.8 J) & GTAW-SMAW(88 ]) became lower than that
of the base metal(282.5 ]),but was above the requirement of API 5L(68 J).

4) Microscopic structure of the welded zone and HAZ by both SAW & GTAW-SMAW became fine-grained.
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Description [Wall thickness‘ Bevelangle | Rootface | Root gap
(mm) (") (mm) (mm)
SAW welded 111 30 6.0 0.8
joint 175 30 125 08
GTAW-SMAW 111 30 1.2 25
welded
joint 175 30 12 25

Bevel angle

Root face l ' Wall tlhi ckness

I 1

Root gap

___\p_T _

Fig. 1 Joint configuration of specimen for base metals

Table 1 Chemical compositions of base metals (wt, %)
. Compositions| - Mn p s v T Si
Materials
API 5L-X65 0.090 1.450 0.018 0.002 0.027 0.011 0.211
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Table 2 Mechanical properties of base metals
Properties Yield Tensile Impact Hardness
strength strength value
Materials (MPa) (MPa) 9) (Hv)
API 5L-X65 495.8 583.5 282.5 168.8
Table 3 Specifications of welding consumables
Welding Welding AWS class Size Manufacturer
process consumable (mm)
Wel.dmg EA3KA4 0 48 Lincoln electrode
SAW wire (LA-90)
Welding F8A4 Bonded Lincoln electrode
flux flux (L-880)
Korea welding
GTAW Welding ¢ 24 electrode QO, LTD.
rod ER70S-G (TGS-50G)
Chosun steel wire
SMAW Welding ¢ 40 CO, LTD.
rod E-9016G (LC-600)
Table 4 Chemical compositions of filler metals
a. Electrode (wt, %)
Compositions | ¢ Si Mn P S Cu Ni
Electrode
LA-90 0.077 0.610 1.790 0.012 0.007 0.059 -
TGS-50G 0.090 0.700 1.500 0.010 0.010
LC-600 0.080 0.520 1.100 0.014 0.006 - 0.560
b. Welding flux/Electrode(Deposited metal) (wt, %)
Compositions .
Flux/Electrode ¢ Mn Si S P Mo Cu
LA-880/ :
LA-90 0.073 1.270 0.530 0.005 0.012 0.420 0.078
Table 5 Mechanical properties of deposited weld metal
Properties Yield Tensile Elongation Impact
strength strength (%) value
Electrode (MPa) (MPa) 4))
108
LA-90/1.880 550.7 635.0 29.0 (233K)
TGS-50G 4998 5782 320 160
’ ) ) (253K)
LC-600 5684 666.4 28.0 150
) ) ’ (263K)

4 Table 59 &t}

24w 27 A (Filler metal) @] 77 Table
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VE glv]jo] g0 2 SAWe] L& o}al & 7)) (Flat- oA 473 K 2 230 AR&styc)

position), GTAW-SMAWo]-£-2 Zx}A(All Position) EHAR, £HAY, £HEEE U NP S £
lst outside 1 Wire
~ . 4
:[ —‘[ - 3 -
= 2
2nd _inside - 1
1-2 : GTAW
2nd outside 3-4,3-6 : SMAN
65—y {
0 45
1T ¥
Flat position { 1 All position
3rd inside
a, Welding sequence for circumferential welding b. Welding sequece for circumferential welding
(SAW) in manufacturer’s plant (GTAW-SMAW) in construction site.
Fig. 2 Welding sequence for welding work
Table 6 Welding conditions
Filler metal Current
. Wall Arc Welding
Welding thick. Weld voltage speed
process (mm) pass Class Dia. Pola- Amp. ) (mm/min)
(AWS) (mm) rity (a)
1st F8A4,
Out- EA3K- 4.8 DCRP 800 33 1,190
111 side A4
2nd
In- v " " 980 37 1,160
side
1st
SAW Out- ” ” " 870 36 1,400
side
2nd
175 Out- " ” ” 900 37 860
side
3rd
Out- " ” " 970 38 835
side
1 ER70SG 2.4 DCSP 150 15 80
11.1 2 " i " i 150
CTAW 175 1 i i i i 80
2 ” " v v v 150
11.1 34 E9016G 4.0 AC 140 25 120
SMAW 175 3-6 v " v 150 ” 80
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Table 7 Conditions of radiographic testing

Equipment & Television screen,
Maker SEIFORT
Object Material : API 5L-X65
Thickness - 17.5mm, 11.1mm
. Single wall exposure,
Technique Single wall view
Voltage : 160kvp(17.5mm)
Selection of Xeray 125kvp(11.1mm)
Radiation Current ©  4mA(17.5mm)
5mA(11.1mm)
Examination | Exposure time : 3min
Condition Distance(SFD) : 600mm
Penetrameter | ISO 6-12
Applied Code | KSB 0845

25 714N 4E ME

£3589 7AH 4AL AHs7] 93td Fig 3%
2ol AHE Aoy, B3 O SAWETH(Hel
w7 GTAW - SMAWE A (513, @ SAW
FAR (Ao 7 saWE A (FEH o HA FE
(T-cross portion) & F& #F ooz 33Ut

Top of pipe

-5:Microstructure
-4: lopact

4-5 Side bend
4-4

4-2:Side bend

4-3

4-1

1-1:

1-3:Tensile strength

1-2:Side bend
-3:Tensile strength 1-4:
-1:S1de bend 1-5:

Tmpact
Microstructure

3-5:Microstructure
3-4:lapact

3-2:S1de bend
3-3:Tensile strength
3-1:Si1de bend

2-1:Side bend
2-3:Tensile strength
2-2:Side bend
2-4:Impact
2-5:Microstructure

Fig. 3 Location for the extraction of test specimen
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(1)BM :Base metal
(2)HAZ:Heat Affected Zone
(3)DM :Deposited Metal
(4)HAZ:Heat Affected Zone
(5)BM :Base metal

Fig. 4 Check point for hardness
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Fig. 5 Tensile strength distribution of welded zone in wall
thickness of 11.1mm
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Fig. 6 Tensile strength distribuion of welded zone in wall
thickness of 17.5mm
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Fig. 7 Hardness distribution of welded zone in wall thick-
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Fig. 8 Hardness distribution of welded zone in wall thick-
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Fig. 9 Impact value distribution of welded zone in wall
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