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1.1 REMESERETIZ

+}#1 (base metal, BM) 2K FH K HEA0 45 il i A5 BR
INEEFE) 9168 mm X65 LA, BEE K 18. 3 mm,
HFEIEL N 1.0 mm ERS0S-G S22, il it ZEISS
Scope. Al %I 527 g fi{ % (optical microscope, OM)
DL} ZEISS Sigma 300 %437 & §F 4 1+ b S0 58
(scanning electron microscope, SEM) M%< X65 &2k

WAL, FERMEZ NIV EIK (quasi-polygonal

ferrite, QF). IR AKX (acicular ferrite, AF) Fl/b
SEVRHOT AL AL, WA 1 TR, X s 2
A FNTRER 5 BE )P X65 5 2k B Fl ER80S-
G M7 22 1y B AR Ak 2 )4 F0 J7 2= PR B n 3% 1 AN
2 s, X65 LM Mn oo R EEREH R
HIRCR, WO ITER Nb, V EZRMEGE AR | 2ot
ARIR A 1, 8 1 B AR TR B R ARFL S, R4k i
EFAE .

(b) SEM ‘

B 1 X65EL&NALR
Microstructure photograph of X65 pipeline steel.
(a) OM image; (b) SEM image

Fig. 1

&1 X65ELMF ERB0S-G IRLMUFH ST (RENE, %)

Table 1 Chemical compositions of X65 pipeline steel and ER80S-G welding wire
g C Si Mn Nb P S Ni Cr Cu \ Ti Fe
X65 0.10 0.23 1.21 0.60 0.013 0.002 0.03 0.06 0.06 0.04 — RiE
ER80S-G 0.089 0.581 1.366 0.60 0.021 0.007 0.0833 0.011 0.106 — 0.024 R

%+ 2 X65EL%NTN ERB0S-G IR 114 AR
Table 2 Mechanical properties of X65 pipeline steel and
ER80S-G welding wire

KR s &R A 8k 22 22 TIG J& (TIP-
TIG &) AT, AL E N 5G, AR BRSO, 4l
RN 2 mm, EEAL S PE RN 2 mm(FEAT B

Jet IR TR SR e - oo
bkt iﬂfiif *’;’Lﬁz %ﬁ’jﬁi‘z 1.5 mm), JF I SERE % 12,8 mm, 3% 11 EEH 8°, 4
el m 0 -
- - - o Hel ) 3 By 10°, 50 EE Ay 4 mm. SRATCR
P, SARW RN 15 ~ 20 L/min, BREE: T 225
ER80S-G 580 630 31.0 .
e 3 .
R3 BEIZSH
Table 3 Welding process parameters
. FgE L KL JeEs Sy BN eS| TR Bl B JZ R EE
= A v /emmin')  vi(cm'min’) Wimm /s vy A(mm's ") °C
IR 130 ~ 165 30 ~32 10~13 3 0.2 120 250
P 230 ~ 245 45~50 12 7 0.4 130 250
W7 255 ~290 50 ~ 70 10~11 9~23 0.5 140 250
i 210 ~230 30~32 12 11 0.1 25 250

1.2 BMEsRE

P TFMATT S % bRk GBIT 3075—2008 (4
Ja B RE 9 55 E Ble) Jy 4 J7 %) Ml ASTM
E466-15 { Standard Practice for Conducting Force

Controlled Constant Amplitude Axial Fatigue Tests of
Metallic Materials ) #47. 75T A 8 EUTIRUNR
PR TR 57 1, PR B AR R A R A,
TP SE AT L5, BURE AL B AR I U & 2 B
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7~. MRYEFRME NACE TM0177—2016 { 4R fEmifL
[IREE PN S T AR ) |, ¥ NACE A %
T, [ A T AR IR e 41 ] Na,S,0; 1R Al
H,S il #8 6 1 PR 5%, Hrb J8 b i W B R 0..001
mol/LNa,S,0;+NACEA(5%NaCl+0. 5%CH;COOH),
AR ZE K.
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Fig. 2 Sampling diagram and sample size. (a) sampling
diagram; (b) corrosion fatigue sample
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89 187 3 7K P IR R A% 07 0 v BRAS: 1 0 B 4
SR X ) B R AL R AR IV B IR 2 , 25 SE AN
BTN ) 138 MPa FIAFHEREMSRANY ] 200 MPa,
1 FSF- 249 25 1 2 338 MPa, B84 4 50, 75, 100,
150, 200 MPa 5 F#far 4531, He i Ak i 4 ik
Borialke. KB RPRARA R TS | IO, LAyl MA
A1 X A A2 IR 1 S5 0 SRR I A
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RIS A bR ZR 225 i 1 £&.
1.3 WERE

K HV-10CCD B4 8 (A B2 T X X65 452K
JRFEHE S A RH U I S T U A ) 45 DX 1 s 22
{8, IN#EATA 98 N, NS [8] 15 s, 7EHE B 7
PR T RN S 2 mm PRI L, 7RIX 5526 F
T 17 5, BRAE 0 AE I ER 9 AR, AHREPE

(a) BRI
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Fig. 3 Hardness test distribution

1.4 HWEIE

A3 3R FH 240, 400, 800, 1200, 1500 [ F1 2000
H 1Y & R AENT X65 B 2R A I 4245 3k & Al RE
T TR, ZEd L B AKLEE R W2. 5 14 HI
AISEFIIEATIE G, SR 4% ARSI RS 4 F0 )
TR AR 20 s 2247, Sk FEERHT I ARAS X3 4 21
PERE, 181 ZEISS Scope. Al B2 B iMAE A1 ZEISS
Sigma 300 #4357 St 414 ¥ 8 BB LA L ROWL2H.
LK. AN, 1E ZEISS Sigma 300 %137 & 54
L S8 R OEE T X 65 A5 4R AN M B4 Sk S b
SRR T I R SR8 R i A%

2 AR5k

21 RHYEALR
Kl 4 2 X65 45 2 AR 4 4 Sk B IRUTETTE AL 7
PAESLH BM., 4G X, (fine grain heat affected
zone, FGHAZ). 17 4% (weld metal, WM), fH S #2
M X (coarse grain heat affected zone, CGHAZ)4 1
XS B, BEAE  IREGEMR X, KRA% 1Y 100 53 0 v D
&1 5 o8 X65 LI AT IR AR 4% L LA

B 4 X65EL&iMEREELBEER
Fig. 4 Cross-section morphology of X65 pipeline steel
welded joints
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(f) FGHAZ (SEM)

B 5 X65E&MERERELAN
Fig. 5 microstructure photograph of welded joints of X65 pipeline steel. (a) WM(OM); (b) WM(SEM); (c) CGHAZ(OM);
(d) CGHAZ(SEM); (e) FGHAZ(SEM); (f) FGHAZ(SEM)

FREZIA DX LA K 240 i PR M DX 1) S P 2. e 2B
i SE MR R AR (ferrite, F). Ktk D1 G/ (granular
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Fig. 6 Microhardness distribution
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S-N ithZk. 3 44 H,S Ji i IR 45 T B A s iy S-
N IEIA SHEE R, N SN T LA ), X65
B LR AN AR S 1 B Tz 55 77 i 5 10 0 R AR AH G
PEELR, I IR (AR, aURE i B il 55 77 i A AIK.

1 8 FIEL 9 2y X65 B LAN MR L TE 50, 75,
100, 150, 200 MPa Jij J I T 1) JE§ e 55 iy 11 T2 35
AT I 3 W7 10 ] DL & B, S48 R TR
FH, B HyS MR SR (9% 55 2480 AU 2% 11
Az 93 55 1R L GO B R UR A e Ak A KR B
W, AnRle & | e &, XSt 5 17 A 2 R i S 4
. R IR Jg 50, 75 MPa BHRRERT A T AT
ZANPE ST RGO, T RECZ A E AL
N R, RSB ORSE, eAh, USRI fE
R 71 50, 75 MPa i Wr 1 3R A A7 7R & K )5
T =, T v L D A SR 2 1T o e i
TR PR A B 7 T 8 (A8 N, 480005 68 Tl B )
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Fig. 7 S-N curves of X65 pipeline steel welded joint

F 4 X65 HELkIMEREL SN HEIESH
Table 4 S-N curve fitting parameters of X65 pipeline
steel welded joint

K C, /10"

MRS UEELR 55
fHz m SO%IFTE R  95%f7Ti%  R/MPa
2 2.34 2.00 1.26 42

PRSI . EUE G4 FeS"™ LB, I A
AERR 4 1R T 55 8 Tl T SR, i LR B
ok o (0 A 8 o Pl (2 A, R TR T A
ARk AN, JE T X E0E B AT — E BB IRAE
JAU, BT LA A7 B S B GAKH .

,
R
.

100 pm

(d) Ac = 75 MPa F 2L 1

(b) A = 50 MPa " (JE =4 (200 175)

(€) Ao = 75 MPa | ZLE05 2

(c) Ag = 50 MPa (1 ihr=4) (100 £5)

T =)

() Ao =75 MPa T RAJE ity

B8 Ac=50, 75MPa B} X65 &%k 15k W hE 5 O
Fig. 8 Corrosion fatigue fractures of X65 pipeline steel welded joint at Ac = 50, 75 MPa. (a) crack source at Ao = 50
MPa; (b) corrosion products at A = 50 MPa(200x); (c) corrosion products at Ac = 50 MPa(100x); (d) crack
source 1 at Ag = 75 MPa; (e)crack source 2 at A = 75 MPa; (f) corrosion products at Ao = 75 MPa

ankE 9 FraR, B J10E A 100, 150, 200 MPa B K7
F T 2 A BT SO, FA7E B B2 i i PR D)
TR A 9a WLELH] T RUIRAERE, HE0TE
Sk 7 7 1) ST AR ACRE ) A . DR e g ok
WEEF, R 2R T %, 7F HoS BB, —
J7 TN T AR SN, PR i SRR 2,
kA B ot el R 8 e P S B R g —
Jr T, S* I HS REASIM I BIHL SN A 205 745 5 ik
AN E RS T, FEOE T W &R T
W K, &R WA TE & S Bl & A & ik
B, DRI 57 2480 i ack v i 1 DR S 4R i B i
TER 71 50, 75 MPa B W7 FHOf AR B9 55 4L,

T AE S 70 100, 150, 200 MPa i W2 31 B i (4 9%
SIELSL. — 5 T, 9 55 WEBUIR 28 A8 I T AN i A% Ak
SR, A 22 48 Ry 7 AR Ak Bl R, B T
i 558 v O 2 B B9 55 W, 9% 97 W SUEI &5 )
— 5 T, 1 77 W A/ N 32 1S JE TR AR A,
AN 5T B8 23 (5 55 W SCS A, 0% 55 T 11 BRI 3R
USRIt B S S0 [ BE 25 9 55 WAL, I
JIWE 100 MPa T 9% 55 #ESCF- Y[R BE 2l 0. 528 pm,
3 ST 150 MPa T 95 MESCF- 4 [EIBE A 0. 793 pm,
I J7 1 200 MPa T 95 MESCF- 4[] BE A 0. 866 pm,
=g AL FLOE N iy R I ER U N
SURRFRN IR T, a8 A prist 82 1
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(g) Ac =200 MPa T Y244 IR

(h) Ac =200 MPa Ay R4

(f) Ag = 150 MPa " [ 57 RELL

- £ .
. -_rh-“ < m

(i) Ao = 200 MPa ?E’Jﬁ%ﬁﬁz

9 As=100, 150, 200 MPa Bt X65 B4k M Rt Sk fE g =5 i O
Fig. 9 Corrosion fatigue fractures of X65 pipeline steel welded joint at Ac = 100, 150, 200 MPa. (a) crack source at Ag =
100 MPa; (b) secondary crack at Ac = 100 MPa; (c) fatigue striation at Ac = 100 MPa; (d) crack source at Ag =
150 MPa; (e) secondary crack at Ac = 150 MPa; (f) fatigue striation at Ac = 150 MPa; (g) crack source at Ag =
200 MPa; (h) secondary crack at Ac = 200 MPa; (i) fatigue striation at Ac = 200 MPa
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Fig. 10 Propagation path of corrosion fatigue crack of X65 pipeline steel welded joint at Ac = 150 MPa. (a) typical
corrosion pit; (b)crack propagation front; (c) secondary crack; (d) M/A component near the secondary crack
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Fig. 11

Propagation path of corrosion fatigue crack of X65 pipeline steel welded joint at Ac = 200 MPa. (a) typical

corrosion pit; (b) crack passivation; (c) crack propagation front; (d) secondary crack
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