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Table 1 Chemical composition of L360MS pipeline steel and welding materials

Bttt 54/ V%

B
Si Mn P S Ni

Cr Mo Cu A% Ti Fe Al Nb

L360MSAFL#  0.100 045 1.65  0.025 0.003
SRR 0.030 040  0.30  0.010

0.010  61.60

0.05 0.04 &
22.00  8.70 0.03 3.00 0.10 3.7

1 EERORTRE
Fig. 1 Schematic of welding groove size
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A I 55 Wi R I8 T8 A8 N ), 45 T8 i 4T i) Ak
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oH A Gt 8 BbR ) AR B0 T 14 e 0k sl (R R
FHRA~0.1), A% A Bz 17T L& A i /N
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PSR RERE | KR 4E DL KA IR X (HAZ ) B0 57 1
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BBPR(CT) 1R, I H ) & L-T(L KB
s EARIE T, T o8 e s/ NV I Oy 1)), RH
K4 s, BHAARDTF 3R BT A R A Wi T
FTEEYEH IS, R I PWS-50 780 B 3 fr) IR 9% 25 18 16 2
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R=0.1, f K& R 4.5 kN, gk iy =8 %k, i
B REER 25 C; Wil 55 2E8E U , PR AL
B SRR , B e KA R 4 kN AT 57 M ey
JEA G BRI R R = i YCL10/2 BUKT 24 g2
Je BT 2 R I R BOKE o, I R
FHR PR PR R BN, R ey e 20 2 i SR T
B 11350

57 M8 i 5 5 A A AR, &I TS
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Table 2 Welding process parameters

.y , A A¥if/(Lemin ') A/
S SRS B EA/mm RN JEEEHR /A BB E/V 0
T T (kJemm ')
HRAE ERNiCrMo-3 2.4 Ik 76~85 8~11 10~12 15~20 0.54~0.95
AR ERNiCrMo-3 2.4 B 92~100 8~11 10~12 10~15 0.70~1.12
AR ENiCrMo-3 3.2 IR IER 72~78 22~25 10~15 0.95~1.40
T AR ENiCrMo-3 3.2 HIRIER 72~85 22~25 5~10 1.23~2.03
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2 IREERESR IR

Fig. 2 Size of tensile specimen of welded joint

3 HAZ EFHHERBUEALE
Fig.3 Sampling position of HAZ fatigue specimen

B4 CTi®EER~
Fig. 4 Size of CT specimen
65 IR 23 B0 4 06 S R £ Tt Vs RS ol B 6 D
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I BT B AR IX, EE] T 5m A A AR AR A, O
FEAE T AT FARAI LT AT 5 g i P AR
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SRR AR T miR Rk, B SRR T R
FLR I M 72 B0 A RE O 1T 9 25 5 R B HAZ 7 A
BERRFR AR F7 , (38 i Ak A el R ReE T v

5 L360MS ELIMIREEINEEEE S5
Fig. 5 Section hardness distribution of L360MS pipeline

steel welded joint
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L360MS 45 2 AN AR 1242 K 1) st Ml o 2 R BTE 0 55
FES3i124 463, 557 MPa, W5 % 11.6 20, Wi
(BT RS L, X UG R BRI B i TRk
b, B SR T EOIRAS . & 6 nTLAFE Y, BN ) -
IO A T 24 S B e 1y 68 = TRUIR AR AR, R DL B i 1) B
NP, R ELE IR, S HEL B R
LI fE

6 L360MS &2kt 1F 3 SLixl R OB (0 B 77 - Bz 35 il %
Fig. 6 Tensile stress-strain curves of L360MS pipeline steel

welded joint samples
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FERBIEA G, IR RER K. BROLIA & Bk R
PRFIB IR, LR R RA AR 2P fg . e
e RSl 3 H0N, BIVRE g 56 B A 9 B AK AR
I, 257 2B EET R R AR MBI R A, 17
TR YR s YRS KB TR (B AK 85
1) I, 9% 55 AU B FUF OB BR R A, E2LAEF
AT Y o BB BROL IR (i e L B0 R it A A
BHAT Ly e R rp i I BB (O, RO Bk
SR TR H AR S EOGHR R R B S

H1 P 8 AT UL, JRAE IR 55 SRS FRI 4 AR 32 2 26
BB IGIR . Y AKBURIT, REULPIT HEY BE, o

107



FF

(=)

F L360MS & X ARIF 445 Sk 0 95 37 ZL Y SR AT Hy VA B 35 A5 - Fm)

MATERIALS FOR MECHANICAL ENGINEERING

E7 SMREFRUY REEER(RanEay R )
Fig.7 Morphology of fatigue crack propagation path in base metal (crack propagating to right):

(a) intergranular propagation and (b) transgranular propagation

B8 REMNESRIUY RBELSR( RYEAETR)
Fig. 8 Morphology of fatigue crack propagation path in weld (crack propagating to right):

(a) parallel cracks and (b) circumferential crack
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Fig. 9 Morphology of fatigue crack propagation path in heat affected zone (crack propagation downward):

(a) crack twisting and (b) crack branching

108



HET R St mA B

T lH,

(=)

W L360MS ‘& AR IF 445 3k 04 9 35 FLY AT A VABIE % A - Fm)

MATERIALS FOR MECHANICAL ENGINEERING

A LU A/ N BRI R R SR ARTR, 24
ROy R B 1IN, ZRECEE T R AR EROE
PR, MREIRB ORI, 2T LI
HRY R, SR, HAZ 28 rii B ROk
WUy Z . S HAZML, fHaerh 280 i iE
SR, okt Ul WA S B AT 5 i B 57 8 SRR
24 FEHFRYY RER

o 10 /T RUA Y, BERF L HAZ SR 5E HP 9 55
HEREY IR, iRy R XA Bk . 4t
THANTR] XA E A 57 R0 PR 3 XA IEER

Bl REMHRAETEE R 40 000 IR Z 1T, 280K i
JUFARAARA, SRR RER £12 80 000 KT,
SUK BT AR P 0, BT DURE S % 57 M AUTEE IR
80 000 JAlR & , #EA TPy e X, U R
& HAZ R FETENG IR K 29 60 000 JE R Z /i, 24k
JE LTI, MR R EGR $) 120 000 JA T, 24
SR FETF IR P in, 2480 APy R IX ; A5aEiat
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B 10 ZFXFERFIRFENLE o-N B2k

Fig. 10 Typical a-N curves of different samples from different zones of joint: (a) base metal sample; (b) HAZ sample and (c) weld sample
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Fig. 11 da/dN- AK curves of different samples from
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Table 3 Regression analysis results of fatigue crack

propagation rate of welded joints
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Fig. 12 da/dN- AK double logarithmic relationship curves of

different samples from different zones of joint
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13 REFHERLTE
Fig. 13 Schematic of surface semi-elliptical crack: (a) whole tube

body and (b) local amplification of crack position
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Fatigue Crack Propagation Behavior and Fatigue Life Prediction of L360MS

Pipeline Steel Welded Joint in Bimetallic Composite Pipe

LI Yangyang', WANG Jixiang?, ZHOU Peishan', XU Yingchao’, WANG Bin!
(1. School of New Energy and Materials, Southwest Petroleum University, Chengdu 610500, China;

2. China Petroleum Pipeline Research Institute Co., Ltd., Langfang 065000, China;
3. West-East Gas Transmission Branch, Pipe China, Shanghai 200122, China)

Abstract: Multi-layer and multi-pass butt welding of 1.360MS pipeline steel/N08825 nickel-based alloy bimetallic
composite pipe was carried out by using NiCrMo-3 alloy as welding material. The hardness and tensile properties of
welded joint of L360MS pipeline steel after stripping NO8825 nickel-based alloy coating were measured. The fatigue
crack propagation test according to the actual operating conditions was carried out on welded joints of .360MS pipeline
steel. The crack length-cycle number curves in different regions were obtained by using the flexibility method. The
fatigue crack propagation behavior in different regions was studied on the basis of caculation of the Paris formula, and the
fatigue life was predicted. The results show that after tensile test, the joint specimen was fractured at base metal, and
the weld was in a high-strength matching state. The hardness of the weld was in the range of 220-250 HV, which was
significantly higher than that of the base metal (170-185 HV). The highest hardness appeared in the weld area adjacent
to the fusion line, and the lowest hardness appeared in the heat affected zone. The fatigue cracks in the base metal,
heat affected zone and weld mainly propagated in intergranular and transgranular modes. However, the fatigue crack
propagation path in the weld was more tortuous, accompanied by bifurcation and even annular cracks. The Paris material
constant C of the heat affected zone was the largest, followed by the base metal, and that of the weld was the smallest.
Under the stress ratio of 0.1, the fatigue crack propagation rates of the base metal and the heat affected zone were faster,
and that of the weld was the slowest. After modifying the material constant C, the life prediction formula of fatigue crack
propagation along the depth direction was obtained. It was predicted that the fatigue life of the heat-affected zone of the
pipe with semi-elliptical cracks along the circumference of the pipe body was the shortest, and the heat-affected zone was
the weakest area of the fatigue performance of the welded joint.

Key words: 1.360MS pipeline steel; welded joint; fatigue crack propagation; fatigue life
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