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Numerical Assessment of Tensile Strain Capacity for X80 Line
Pipe Using GTN Model

ABSTRACT

This study presents a nonlinear finite element procedure involving a phenomenological model to validate the tensile strain capacity of
the X80 line pipe developed for the strain-based design purpose. The procedure is based on the Gurson-Tvergaard-Needleman (GTN)
model, which models nucleation, growth and coalescence of void volume fraction occurred inside a metal. In this study, the
user-defined material module (UMAT) is implemented in the commercial finite element platform ABAQUS and is applied to the
nonlinear damage analysis of steel specimens. Material parameters for the nonlinear damage analysis of base and weld metals are
calibrated from numerical simulations for the tensile tests of round bar and full thickness specimens. They are then employed in the
numerical simulations for SENT (Single Edge Notch Tension) test and CWPT (Curved Wide Plate Test) and in the simulations, the
tensile strain capacities are naturally evaluated. Comparison of the numerical results with the experimental results and the conventional
empirical formulae shows that the proposed numerical procedure can fairly well predict the tensile strain capacity of X80 line pipe. So,
it is readily expected to be effectively applied to the strain-based design procedure.
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Table 1. GTN Parameters for SBD and non-SBD X80 Line Pipes

Variable SBD non-SBD
q 1.5 1.5
% 1.0 1.0
% 225 225
Sy 0.1 0.1
ey 0.3 0.3
Iy 0.0008 0.0008
Lo 0.000125 0.000125
fe 0.015 0.015
K 3.52252 7.66667
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aefate] FH WEE 2318 7RYEIGaL, oF At o] 3xj
A 9221 C3D8 K45 ARSSISITE =A1e] A7 Waks 2hle
3] 913k =9 E(side groove) EE Rdlle] vk,
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Fig. 11. FE Model for the SENT Specimen

CMOD/2

Crack

Fig. 12. Close-up Shot for Notched Part of the SENT FE Model (left)
and Measurement of CMOD and CTOD (right)

Z 1682171] 845 AM&ITE AAT a4 A7 AAE]
Q1 AmIsiAte ST Fig. 110k HiRo] tizzds o1&
sto] XA AlEe] 149 BYskslgiaL, =x] FHe] 84 7|+
0.lmm FE== Ag3IIck Fig. 120 =212 gk ey
34 CMOD$} CTODE Hgsh= WS Aot

Figs. 13(a)~(c)= W &E 73k AA14(SBD) X80 SENT AJ#
of tigh 3153 CMODS]| -3H& Hof=t), AEea} e 77k
TR A EHE eRITE Fig. 135 B, A5 &
o2 FAEAo] FiEgH THAEA] X ER] Rk o)A =4
ek FraoA g sk WEH o= Q1% H)AF go] Al=F]
Aol Z27495(condition number)E I WFEAL S=AJS)19] 441
< ofFA 3p7] wRERIH], & Aol AlElo) FYAdE Fofat
I S AAs] Sls) sl mElel] 7hu) 0.00027 0.0005
Awo] nie- 2 NS EYaIATE AETe] =YL A
A} Aldde) 2 YRJBheE A STAIE T ZIAIA
T3k Figs. 13(b) and (c)olx] Hzo] ] 0.0005Q1 7857}
0.00022]1 ZA9-HT}t ajale = o JPAA F
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FAE 84 F=AEMIgke] SRR =028 We 8408
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Zol] mE CTODFS BT, o]5& 4:$] R-curve (Resistance
curve) 241 1% W3 ds H7tollx] 583k ou|E heth Fig.
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Fig. 14. Contour Plot for f* Near the Notch Front Fig. 17. FE Model for CWPT Specimen
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Crack (mm)
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Fig. 18. Comparison of CMOD vs Force Responses for SBD X80
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Fig. 21. Comparison of Stress Responses and CMOD According to
Remote Strain for SBD X80 CWPT Specimen (SBD#7,
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Fig. 22. Deformed Shape Close-up Near a Notch with the Contour
Plot for f*(SBD#7, 6.5X50mm, HAZ)
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Table 2. Tensile Strain Capacity Obtained from the Experiments
and FE Simulations

Specimens Notch size Exp. FE Relative
P (mm) (%) %) | error (%)
SBD(#2) 7X50 1.74 1.65 5.17
SBD(#5) 5X50 3.95 4.15 5.06
SBD(#7) 6.5X50 5.95 6.12 2.86

nonSBD(#1) 5X50 3.22 3.22 0.00
nonSBD(#4) 8X50 1.82 1.77 2.75
—————— SBD(WMC) by CRES
————— SBD(HAZ)by CRES
non-SBD(WCM) by CRES
non-SBD(HAZ) by CRES
H B W SBX(WMC)measured
I B W SBD(HAZ) measured
® ©® @& non-SBD(WMC)measured
® ©® & non-SBD(HAZ) measured
O O [ SBDWMC)FEM
O O [ sSBDHAZ)FEM
O O O non-SBD(WMC) FEM
O O O non-SBD(HAZ) FEM
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Fig. 28. Comparisons of Tensile Strain Capacities Obtained by
Numerical Simulation, Experiment and Empirical Formulae
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