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Abstract

API steel is used for line-pipe to transport the oil and natural gas. As the recent trends in the development of API steel
are towards the use of larger diameter and thicker plate, many researches have been studied to achieve higher strength,
higher toughness and lower yield ratio in API steel. However, the strength of API steel after pipe forming is changed
depending on the competition of the Bauschinger effect and work hardening which are affected by the strain history
during pipe forming process. So, the purpose of this study is to investigate the influence of microstructure on the
Bauschinger effect for API steel. To change the microstructure of API steel we have changed the hot rolling condition and
the amounts of V and Cu addition. The compression-tensile test and the microstructure observation by OM and TEM were
conducted to investigate the yield strength drop and the correlation between the Bauschinger effect and microstructure of
API steel. The experimental results show that the increase of polygonal ferrites volume fraction increases the Baushcinger
effect due to the back stress which comes from the increase of mobile dislocation density at polygonal ferrite interior
during the compressive deformation. The hot rolling condition was more effective on the Bauschinger effect in APT steel
than the small amount of V and Cu addition.

Key Words : Bauschinger Effect, API Steel, Polygonal Ferrite, Low Temperature Transformation Phases, Back Stress,
Pre-Strain
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Table 1 The composition of X80 API steel (wt. %)

C Mn Si Nb Ti Mo

SB1 0.05 1.8 025 0.04 0.01 0.25

SB2 0.05 1.8 025 0.04 001 0.25

SB3  0.05 1.8 025 0.04 0.01 0.25

Ni Al \4 Cu Fe

SB1 025 0.03 Bal.

SB2 0.25 003 0.04 Bal.

SB3 025 0.03 004 0.2 Bal.

Table 2 The temperatures of the steels used in the test

of Bauschinger effect
Thelast oot BeT Cooling
elling o) 00y rateCrs)
temp.(°C)

SBI-1 820 640 370 37
SBI-2 820 610 430 32
SBI-3 770 700 550 26
SB1-4 770 670 420 25
SB2-1 820 640 470 32
SB2-2 820 610 460 30
SB2-3 770 700 470 27
SB2-4 770 670 450 31
SB3-I 820 640 520 25
SB3-2 820 590 390 37
SB3-3 770 700 430 37
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Fig. 1 Optical micrographs of SB1
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Fig. 2 Optical micrographs of SB2
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Tabel. 4 Tensile properties of Line-pipe steels

SB1-1 SB1-2 SB1-3 SB1-4
SBI-1 SBI-2 SB1-3 SB1-4 YR(%) 75.7 78.1 71.5 74.6
V(%) 42 44 38 43 —
Yielding C C C C
SB2-1 SB2-2 SB2-3 SB2-4
V%) o 0 ” o SB2-1 SB2-2 SB2-3 SB2-4
SB3-1 SB3-2 SB33 YR(%) 83.7 84.6 76.4 82.9
V(%) 40 29 49 Yielding QD QD C QD
SB3-1 SB3-2 SB3-3
@ o0 YR(%) 860 79.3 84.1
Yielding QD C QD
800 -
C : Continuous yielding,
600 QD : Quasi-discontinuous yielding
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Fig. 4 Stress-strain curves of (a)SB1, (b)SB2,
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Fig. 6 Effect of yield behavior on Bauschinger
effect in Line-pipe steels
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Fig.10 TEM micrographs of Line-pipe steel after
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