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Strain aging sensitivity of multi-phase pipeline steel
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ABSTRACT Transversal pre-strain experiments were carried out to investigate the effect of transversal hole enlargement on the tensile
strain behavior of multi-phase pipeline steel. Experimental results indicate that the work hardening behavior after pre-strain treatment
has directional characterization. When the pre-strain direction parallels to the final tensile strain direction the work hardening rate is
very high. Only when the pre-strain rate is lower than 2% the yield ratio can keep below 0. 95. When the tensile strain direction is
perpendicular to the pre-strain direction the strain-stress curves can maintain a continuous yield character which has low yield ratio
( below 0.75) and high uniform elongation rate. In addition strain aging treatment was carried out to investigate the effect of anti—
corrosion thermal coating treatment on the tensile strain behavior of multi-phase pipeline steel. It is shown that the multiphase pipeline
steel has excellent anti-aging stability.
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Fig.1 Schematic of pre-strain experiment sampling
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Fig.2 3D microstructure of X80 multi-phase steel
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Fig.3 Kikuchi map of EBSD for X80 multi-phase steel
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Fig.4 Normalized Kikuchi contrast value distribution of X80 multi—

phase
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Fig.5 Strain-stress behavior of X80 multi-phase steel
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Fig.6 Strain-stress behavior of multi-phase steel under different strain aging conditions. Transverse properties after pre-strain: (a) 0.6%; ( c)

1.0%; (e) 2.0%. Longitudinal properties after pre-strain: (b) 0.6%; (d) 1.0%; ({) 2.0%
1 X80
Table 1 Tensile properties of X80 multi-phase steel after pre-strain and strain aging
Ry s/MPa R /MPa  UEL/% Ry s/MPa R /MPa  UEL/% Ry s/Rys Rpol/Ry,
545 723 10.3 0.75 530 709 10.6 0.75 1. 16 1. 08
0.6% 632 732 6.5 0. 86 505 732 10. 8 0. 69 1.22 1. 09
0.6% 664 754 7.0 0.88 551 732 9.2 0.75 1.15 1.08
1.0% 664 745 7.8 0. 89 500 738 10.0 0. 68 1.28 1.10
1.0% 680 753 8.3 0.90 591 736 7.7 0. 80 1.12 1.06
2.0% 714 756 7.0 0.94 514 736 8.3 0.70 1.31 1.10
2.0% 732 768 6.2 0.95 545 728 6.7 0.75 1.24 1.07
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Fig.7 Interaction force between two parallel edge dislocations
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Fig.8 TEM images showing dislocation evolution during pre-strain process in ferrite: ( a) original mobile dislocation at the rolled condition; ( b) dis—

location pile in ferrite after 1. 0% pre-strain
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