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Without Backing Auto-GMAW Welding Process Decelopment
and Mechanical Test for X65 Pipeline Girth Weld
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Abstract: In some overseas offshore oil and gas field development projects, the girth welds of submarine pipelines sub-
jected to sour servive condition is mandatory to use welding process for root pass without copper shoes to ensure that the
welds will not have sulfide stress crack (SSC) during the service process of hydrogen sulfide (H2S) acid corrosion. In order
to solve the problem that copper atoms of copper shoes are diffused into the weld metal and have a destructive effect on its
performance during the root pass welding, a full-automatic GMAW welding process without backing for pipeline S-lay and
mechanical tests were developed by using surface tension transfer (STT) for root pass and gas metal arc welding (GMAW)
for fill and cap passes . The test results of mechanical properties meet the requirments of the project welding specification
and DNV OS F101 (2013) standard. All welded joint samples have passed the sulfur-induced stress cracking test under
NACE 0177 standard, and can be applied to the welding construction of X65 carbon steel subsea pipe in acidic environment
containing H,S; STT surface tension transfer for root pass welding is a single-sided welding and double-sided forming tech-
nology, with small welding heat input, little spatter, and good weld formation. It is a reliable choice for backing less back
cover welding technology.
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Fig.1 Automatic welding equipment
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Table 1 Chemical compositions of X65 pipe(wz. %)

C Mn Si P S Cu Ni Mo
0.04 1.14 030 0.004 0001 0.16 027 0.07

FARBE JEE B4 82 i 2 38 TR A0 7 7 J e 14 4
S, DRI 20T 77 A A Sl oA ) RS S B 114
PUBRPERE QN 2 s

R2 X65EMhFMRE
Table 2 Mechanical properties of X65 pipe

JENRBREE  Brhismps e PR EHE5TY) i
/MPa /MPa /% /1 /% /HV5
512 585 28 331 80 Max. 225
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Pem CE
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Table 3 Chemical compositions of welding materials (wz. %)

C Mn Si P S Cu Ni Cr N
0.009 145 087 0.008 0.007 0.16 0.01 0.02 0.003
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(5)FPEHL I LR 06 22 Rk P 2 i)
AH L DE L, P UEAR SRR BT K4, 78 A550hE fa A A8
B AIEE R =

(6) I 4538 TR AR T 200 °C 3R FH K ¥ (i e
TN H ZIR T MY D IR U A B



K

26 2023 4F
T4 BEIZSH
Table 4 Welding process parameters
HiE ES AU LI CENER SRR FE PN
e b /mm et % Wi/ (L-min™) /A A% /(cm-min™) /(kJ-min™)
B Supra MIG 1.0 DCEP  50%CO,+50%Ar 25 160~180 15~16 22~35 0.55~0.65
PJE Supra MIG 1.0 DCEP  50%CO,+50%Ar 50 240~250 24~25 60~70 0.45~0.55
W7 Supra MIG 1.0 DCEP  50%CO,+50%Ar 50 220~250 23~25 60~75 0.45~0.50
i Supra MIG 1.0 DCEP  50%CO,+50%Ar 50 200~210 22~24 60~80 0.45~0.50
ARBT L IR A R BRI, JF B = AUT Rl &7 WEAE
E’ié@ﬁﬁ% E@ﬁiﬁif?j?ﬁ}ﬁﬂﬂ%@ 4 Fﬁ% 5 Table 7 Side bend test
1.5 EEXEAE WS R /mm S /mm ARA 4R
ik El5 17.49 10.11 s v 3
PRSI A8 W AR AT ST RT T T 180°, 4R El6 17.58 10.03 fius Gk
A MUT ., ®4K MPLLL K H sl AUT K56, PRaE 50 mm El7 17.62 9.95 TE~ T
EI8 17.70 9.98 s Gk

JELHE T £ DNV OS F101 AR R
2 RS

R 4 2 B0 K% B B2 DNV OS F101(2013) #5 #f
PRI LR ARG AT T 2 R BRI, A4 - A8 [ hir
il AR aE RS (4417 DNV OS F101 Bff 5%
B. B300 & 75 %5k I 1SO 6892) . 25 i i % (i 47
ASTM A370 % ISO 5173 R ) | wp i i 56 (i A7
ASTMA370 }2 I1SO 148—1 3K ) i i AR 4% 2 W
55 ($417 DNV OS F101 B} 5% B. B1000 &5 5 23K &
ISO 6507-1) , i A 121 e 45 SR 24t /e 225K, Bk
R L3R 5~3R 8. MRAEMIA ZWIE S ANE 3 PR .
Horp e B B A {E S 237 HVS (L& 4) L ik T NACE
0175 JE RS XT R R i BE 225K (/NF 250 HV10)
T 1 R 4 SSCYERE 1 e AR A, W R4k
[ SCC IR I PRt T fR ks .
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Table 5 Cross weld tensile test
FE S v S S S ) = AT AN ] 0141053 [EAS
BT /mm /mm /mm? /MPa AL
Ell 17.63 19.98 352.25 594 E57)
El12 17.67 20.02 353.75 589 bt
F=6 EIRGERHIXIY
Table 6 Cross weld tensile test
WA AR R JEIRSRE BuhRE WSt
45 /mm /mm> /MPa /MPa R/%
E13 6.26 30.76 536 607 23
El14 6.13 29.50 532 604 24

#x8 Etbmdziksg(-20°C)

Table 8 Charp V-notch impact test(-20 °C)

PR T JmEDALS I SFED R EE R
El ok 126/132/122 127 s
E2 AL 184/208/112 168 i
E3 A L+2mm  268/180/290 246 Gk
E4 A L+S mm  300/300/300 300 Gri

B3 #BEEWURIR

Fig.3 Macro test
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Fig. 4 Hardness test result
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Fig. 5 Sulfur induced stress cracking test
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Fig. 6 Macro test of samples after washing
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Fig.7 MPI test of samples
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Fig. 8 Microcosmic test of samples profile
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