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Abstract: [Objective] Numerical simulations represent an important approach to studying the damage evolution behaviors of oil and gas
pipelines constructed using high-grade steel. However, the accuracy of simulation results is often restricted by the precision of damage
model parameters. Accurately determining damage parameters, being a challenge in the analysis process, is vital to ensure the accuracy
of simulation results. [Methods] This study established a fitting relationship between different pore volume fractions and characteristic
parameters reflecting material behaviors upon elastic-plastic deformations and damage fractures, through a finite element inverse calibration
method integrating material tensile experiments, numerical simulations, and the response surface method, to effectively calibrate the
parameters of the Gurson-Tvergaard-Needleman (GTN) damage model for the girth welds in X80 pipelines. The tensile experiment
process was numerically inverted, using the calibrated parameters, and the precision of this model was subsequently verified by comparing

the fracture characteristics and stress-strain curves between simulation and experimental results. Based on the above-mentioned GTN
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damage model, numerical simulations and result analysis were conducted for the single edge notch tensile and single edge notch bending
experimental processes for the girth welds in X80 pipelines, verifying the applicability of this GTN damage model. [Results] The accuracy
verification of calibrated parameters indicated alignment between the fracture positions and fracture characteristics presented by simulations
after parameter calibration and the experimental results, and high consistency of their stress-strain curves throughout the damage and
fracture process. A comparison of the four characteristic values of tensile stress, tensile strain, fracture stress, and fracture strain resulted in a
maximum error not exceeding 10%. In the applicability verification for the model, the apparent toughness values of single edge notch tensile
and single edge notch bending specimens were recorded at 0.399 3 and 0.324 2 respectively, corresponding to both final conversion rates of
about 1.23.[Conclusion] The parameter verification results prove the effectiveness of the GTN model and its parameter calibration method
proposed in this paper in predicting the damage evolution behaviors of the girth welds in X80 pipelines. In addition, the numerical simulation
results using the small-scale fracture toughness experiment model built based on the GTN model confirm the difference in fracture toughness

among specimens due to the influence of crack tip constraint degrees. The experimental results further demonstrate the substantial application

r [ %71 Y

value of the GTN model in the damage and fracture field of X80 oil and gas pipelines. (9 Figures, 3 Tables, 28 References)
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TAETEAE A R AR s AT e oy 22 e TR
iz s 20 CRCAIEREIR . TR AL A0 45 %30
THIRBEA . BEE IR BRI TE R
BRI IRZ R, MR E BN RO AN ST
AV R R I, [ S N T R T e et
PHAl A DR B U 22 A IR B B A

T, X A7 45747 W 2R S I 22 4 1 TN £ A B
TGV E B G E R LU T A BR 70% (Extended
Finite Element Methods, XFEMD #5145 #E ] . GTN (Gurson-
Tvergaard-Needleman) T fH 5 855 . oo, LU
BB B RO FA R A T A FR S AE N R A 2 b P
DAIZ AR AL T2 S IR 52 30 A% oM Rk 1 18 A S RS
P EAT A4 BB XFEM 5 GTN #5884 5 18 45t
Ptk U5 N2 7 3hA&S 9, Hrh XFEM RS0
PR oA A A s S k38 T R I R AL
(A& IE oR K, IR FH 7K P SR S B 1 0] S sh A A2 4k
[k — B R, A IR T R R B AL G PR T )%
JI T8 D\ DX A B R SR, A RSy SR R B
Btk RIS XFEM 3] A K R 24 g,
RT3 B S0 A 7 g 1) L, 3iE W T 1% 7 VR AE AR
SR 2T R & P M. GTTIN A2 U] 2 AT
AR BE R AR B T RSB A AR T S 45 4
TR 55 SO0 B AL R T A% A A B 8 S5 AT ARG
B AR B LR A AT R R SRS AR
ARG IR BB e TN RS iR %
05 B R 5N T GTN B, 1 2 1) S 06 45 S 1)
WEW] T GTN A5 AL AERLALL 5 ff [ 285 440 52 4050 48 A 1

TEVERE IR (0 Rk 2T Bl A, 2 81 Ak 5 ) A
/N RS B 34 0 4 1 LS 36 3 XFEM 5 GTN #5684 78
RALE TG W RAT N7 TH I RE JJREAT T VPAN, 45 R,
GTN R R Ay e L R 5 B TEAT b St 45
F I T A — Bk .

GTN 53453 B 284 Fir i 38 110 2 SOMDIR 25 R B A RE
HFL BRI A AT N BT 51 R 1A 7 W0 J2 THT L F 85 4 45473
LT R, SR I&E 2 07 0 A B 473 S B0 AT A 2
TF 5085 18 W 2490 M 1 B T, H AT R GTN A8
TS H0by 8 7 i BAFE Mk A VA BR G R
b5 2 vk Firh, Steglich 257 Y 2 1 ffg 45 750 2 400
FLIFEEAAT 9, T SEBL T X6 BR SR 5 M kL GTN 2
B T SR M. Rakin 255 A4 T B 0080 X
22NiMoCr3-7 HEAT T & AH 7 8, 3RELC T %40 BH Y 46
FLIRAR A K. 52 SC7 SR 4 AR 92, )P AL AR
BAWRHE T 7075-T 545 MFLIRRE 550, Jeh
S B A5 A bR SR 56 5 A BR T R AL AR
SEVED BT EARS & 4. ZAZ3IB B A 4T 7 GTN
BRI S b g . BRI TS S Al B T 5 b
PRMYOAR PE AT S E0H S, (B A B 50 R B, oW
& J F F AR o B0 FLIR AR AR 23 B e A ok R 9FE
RO, BB [ A AT 1 4 e 2
VI B B 25 i FLIR AR R 73 B 7 AR AE — 8 R 22,
H 3R 753 75 R R R OO R 14 3R AT 22 RS2 5 43
W, AR I o T A PR G S I b 5 V2R F R RHRL A
56 B A5 e S THT VR AR 485 6 19 77 5K, AT DATEAR A
IR S BT R AR E -

yqey.paperonce.org [ 153

https://www.cnki.net



r [ %71 Y

il 5558 | Inspection & Integrity

2024469 H 43 BB oW THGHE

IR AR TE LR 99T, X TE IR IR SR 45
DA R BEAT A Je N E 2. R, RATA PR IC I
) bR 5E i, T X80 4 T8 A AR 42 4T hr A iU 5%, 3R
1308 R 1R JRE 3803 i 2k, DL GTN 345 280/ v 5 A2
5, DAPURL N AR S BUhz B 7 2R AR | 2R 7 4
A% B, T e S8 THDVE B A 30 BB AU,
F ST [ AR AR B TR DL Ok &R SEBIL T X80
EIE R GTN SR S50 Xobr € SRS g
E. FEMEEEA b, 433 37 X80 i PR G4 K} 1) H
148k 74 (Single Edge Notch Tension, SENT). HLiZ1
#1245 il (Single Edge Notch Bend, SENB) 5t £ [ 44
B2 TSR, S8 o0 EU P 5 2R S8 e BEL 0 il e 1) 22 5
PR, T AT 1 52 2R ST S 100 PR PR 5 0 1T 7 A 1) W 2R ) 1
7 e )

1 GTN

11 REREN

GTN #5445 714 R 5 5% J & A A0 FL IR 2 18] 0 AR L AR
FH AR5 £ 3 R B S, I AR T 7R FLIRLAE B A
() 552 55 B B rp BRI R R e, 3
JE B K @

2
O . 3/5 5D
@:(?Tj +2q.f COS[_QZZ_O.yj_(l‘H[Sf D=0 (D

Ve 3 f<f.
. Jr— /e
foﬂ-H(f—fc), S @
S SZSe
1+ f_3
sV e

L oy 0,0 73 HIH Von Mises B JJAHRHE ARSL |
KK J7, MPa; 1. 924 25 B IEREG 1 NFLIRAKRTRS
#1222 B RENE B B LI 3R & T S BUR AR AR
REJI T BB BEAN AR s 7 M RHLIRAA R 20 3 7, il
FALIRARR T3 8 /e A RHSE D) AR B RE ) 58 4 R I
(RIWTRLALIRARUN G £ NS IERBRR S HL.
12 BHURE

A RER A5 A AR B LSRR AR R R Y
GTN i ML FEAE M, TEAST WA SH.
BT o3 WAy 5 1 H oy e ARl s B VAT
UEERER S W ONTER VN NGRS SOV I TR =R

1024 |_Yyacy-paperonce.org

n, LA B S H0n] DUIE A R S0 3R 155 56 2 B4 2
GTN A5 7 75 B 2 1) 9 NS 3L 952 %5 FE A R
P B R AT FLAI 2 B A LA B BB A IE R A g, ~qsn
1) 55 RN g~ 135 5 KON AR R b o 22 S W1 4R FL
TAARFR I EL /o FEAZFLIRAER 53 55 /o W S ALIR R AR 43
K S W R FLIR AR A3 50 fre N IES GTN 53457 455 7Y
2 A8 (A LR BT 5 S R = KR, 55
Tvergaard 25 BE LB HiE TR 5 AN S HUN
BB N ¢1=15. 2=1. ¢:=2.25. &x=0.1. Sy=0.3, Fl 4
4 NS EC R A RGBT hR E -
1.2.1 AR

N E X80 B IE IR SR SEMRL K IR M AR SO
Ficl &5 B IV 52 B G TN SR A5 0 S50 b e 1A,
Z 8 GB/T 228.1—2021( & JE M K} SR LR 55 — & 7
FARPAPIRIG 712 HEAT RIS (B 1D FERI K (D,
3D KRB SREUI A K 44 SCRE 3-8 il 2 3 4k B
SR 3-R AR 2R (B 2D R B 32 IR B N
Wi, B TE A EAE 6 P BB AP EMRL 5 M BEFR IR
LG, AARIE GTN B3 15 28 7 A4 T8 PR AR A2 W 44T
NI AT S, EIRIRSE 6 5 Bh AL B IR [F 5 T AR R
3 AR, FRIE I A fe /AR F T ARt

y L i
%%%% ! ;

6 mm

9.50 mm

I 65 mm

100 mm

1 X80 EBEIFMBEM R BRI R T E
Fig. 1 Dimensions of rod-shaped tensile specimen for girth
weld metal in X80 pipeline
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Fig. 3 Fitting curve of real stress-strain curve and Swift
equation for girth weld in X80 pipeline
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Table 1 Parameters of elastic-plastic materials for girth weld /o 0.000 25~0.004 5
in X80 pipeline /i 0.000 015 4~0.05
E/GPa v K/MPa & 7 /. 0.000 08~0.03
210 0.3 560.891 29 3.018 0.110 55 e 0.03~0.6
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Table 3 Simulation experimental results of single-factor, 4-level GTN damage model for response surface

55 /o 7N /. fr & o/MPa & o/MPa
1 0.001 313 0.012 512 0.022 52 0.457 5 0.113 449 651.467 2 0.170 400 213.6754

2 0.002 375 0.025 008 0.015 04 0.3150 0.105 305 649.140 0 0.141 155 209.630 1

3 0.002 375 0.025 008 0.015 04 0.600 0 0.105 305 649.140 0 0.154 077 144.977 1

4 0.003 438 0.037 504 0.007 56 0.172 5 0.087 374 643.877 2 0.102 043 569.424 6

5 0.002 375 0.025 008 0.030 00 0.3150 0.105 305 649.140 0 0.144 401 270.673 4

6 0.002 375 0.025 008 0.015 04 0.3150 0.105 305 649.140 0 0.141 155 209.630 1

7 0.002 375 0.025 008 0.015 04 0.3150 0.105 305 649.140 0 0.141 155 209.630 1

8 0.003 438 0.012 512 0.007 56 0.172 5 0.106 941 649.628 0 0.147 688 547.963 4

9 0.002 375 0.025 008 0.015 04 0.3150 0.105 305 649.140 0 0.141 155 209.630 1
10 0.002 375 0.025 008 0.015 04 0.3150 0.105 305 649.140 0 0.141 155 209.630 1
11 0.002 375 0.025 008 0.015 04 0.3150 0.105 305 649.140 0 0.141 155 209.630 1
12 0.003 438 0.012 512 0.007 56 0.457 5 0.129 762 648.917 2 0.165 519 210.297 4
13 0.001 313 0.037 504 0.007 56 0.457 5 0.105 306 618.6519 0.139 041 215.625 6
14 0.001 313 0.012 512 0.022 52 0.172'5 0.106 929 652.093 2 0.162 339 233.9210
15 0.003 438 0.037 504 0.022 52 0.172 5 0.105 303 646.137 2 0.129 434 534.616 0
16 0.003 438 0.012 512 0.022 52 0.457 5 0.106 929 652.093 2 0.170 400 213.6754
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5 Jo I /e fr & oy/MPa & o/MPa
17 0.002 375 0.025 008 0 0.015 04 0.030 0 0.105 305 649.140 0 0.126 493 604.258 30
18 0.000 250 0.025 008 0 0.015 04 0.3150 0.105 305 649.140 0 0.141 155 209.630 10
19 0.002 375 0.000 015 4 0.015 04 0.3150 0.136 284 652.570 6 0.136 284 652.570 60
20 0.001 313 0.012 5120 0.007 56 0.457 5 0.126 488 651.534 4 0.126 488 651.534 40
21 0.004 500 0.025 008 0 0.015 04 0.3150 0.105 305 646.639 5 0.139 516 162.451 60
22 0.002 375 0.025 008 0 0.000 08 0.3150 0.103 668 640.676 5 0.129 730 210.100 40
23 0.001 313 0.012 5120 0.007 56 0.172 5 0.126 488 651.534 4 0.154 179 15.546 01
24 0.003 438 0.037 504 0 0.022 52 0.457 5 0.102 043 645.910 9 0.140 615 243.098 90
25 0.001 313 0.037 504 0 0.022 52 0.172 5 0.105 306 648.651 9 0.131 027 526.969 10
26 0.003 438 0.012512 0 0.022 52 0.172 5 0.106 941 649.628 0 0.159 076 250.057 50
27 0.001 313 0.037 504 0 0.007 56 0.172 5 0.105 306 648.651 9 0.121 605 538.392 90
28 0.002 375 0.050 000 0 0.015 04 0.3150 0.103 649 615.617 3 0.129 715 214.410 40
29 0.003 438 0.037 504 0 0.007 56 0.457 5 0.103 673 645.536 0 0.136 261 274.645 20
30 0.001 313 0.037 504 0 0.022 52 0.457 5 0.105 306 648.651 9 0.142 235 214.531 00
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