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Development of High Deformability Linepipe
with Resistance to Strain-aged Hardening
by Heat Treatment On-line Process
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Abstract:

High strength linepipes with excellent deformability have been developed. These linepipes have higher buckling
strain limit to prevent local buckling or ductile fracture caused by the ground movement at permafrost by the
ground or seismic region. Furthermore, strain-aged hardening can be suppressed by these linepipes, so that they
can keep their excellent deformability after reheating for external pipe coating. Both dual phase microstructure
control for deformability and the reduction of solute C through promotion of carbides precipitation in order to
suppress strain-aged hardening can be achieved by applying Heat-treatment Online Process (HOP) subsequently
after accelerated cooling process in plate rolling. Trial production for API5LX70, 80, and 100 linepipes was
conducted. And the X100 linepipe shows both enough low Y/T ratio and high uniform elongation not only as UOE
formed but also after reheating at 240°C for fusion bond epoxy coating.

BB T T4 VREEEHIT 2R DS AATD

1. EU&IC

NTwb, TNHOMIRTIE, WL L 2 KBIBR T

EAEORE#E A 754 VRFIOMEIIBWT, HEM
e b2y ikshEom b, BLO, HAbicX 5ME
BEZEONFAOBE,I S, EHRES A V314 7O
W&y, BBEOIAXA MY URRNLEIEEREDLSNT
Whe =i, XA TTA OEERMIEIE, G, MR
WO, H AV, BALKET ABRBE L Vo 78R 2 i
WANLIEN TV D, ZOFSE, BMELEAbET, K
M, EERMERE BXO, YT MR L v o 2Bk
Ve END. BUE, FFICHEEAT B X OA Mo 1 a5 12

2007 4F 4 H 17 H3At

£ VA T OMWEDFET B ERTFMENL, BT
T, IS OMEMGTE L O EHoH T AT 12 B %%
A 754 VRISV S, O FARN— 23 EHE TIN5
LW FRErEEShEY, cox ksl 54
Y8 FIRECIEMB X OBIIR O AT 2 5 m
BEASLBE L XD, 728 21E, TEMZ TR O R IR AR 12
JETHY, T4 284 T35 TSR R AT 5 LE
W bo Fig. VIZHERD /A4 7OhE (D) LEE () ol
LS4 TORBEROFAEOBGEERT Y. —#I0,
RRFRIE O 384 TIIRITARAE L, D/t ledv/h S vz
EIRAEIR O T RABHINT 5. Thbb, KEBIZ b
AT XN 2B BWTIE, T4 054 TOHEEN



i O3 AR R BN RIS ATE 7 4 784 T DS

1.5
- Uni-axial compression
- Conventional pipes
S U
= LOF O # Improved ™,
E i O E = \.material ¢
3 PN o e
£ -
= 05F
g i
. [ ¢, =35-L (%) O
[ " D
0 J S Y
30 40 50 60 70
D/t

Fig.1 Relationship between buckling strain by axial compression
and pipe diameter to thickness ratio (D/f)
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Table 1 Chemical compositions of the steel used

(mass%)
C Si Mn P S Nb Others
0.06 0.2 1.8 0.01 0.001 0.04 Cu, Ni, Mo, Ti
Slab reheat Slab reheat
1.100°C . 1.100°C .
~—¢.Rough rolling ~— 4 Rough rolling
', Controlled rolling %, Controlled rolling
\ Y Finish rolling X Finish rolling (above Ar3)
o (above Ar3)
H Accelerated Accl(?lerated | On line
! cooling cooling heat treatment
Air cooling

(a) Conventional TMCP (b) Online heat treatment

Fig.2 Schematic illustration of TMCP conditions in plate
production test
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(a) Conventional TMCP (b) HOP process
Photo1 SEM microphotographs of the steels
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Fig.3 Schematic illustration of microstructure change in the
HOP process for dual phase control
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Table 2 Longitudinal tensile properties of the pipes by conventional TMCP and HOP process

Dimensions Longitudinal tensile properties
Process oD WT Dit YS TS YT uEl* novalue
(mm) (mm) (MPa) (MPa) (%) (%)

Conventional TMCP 813 15.6 52 564 657 86 9.8 0.09

HOP process 813 15.6 52 548 684 80 12.2 0.12
OD: Outer diameter YS: Yield strength
WT: Wall thickness TS: Tensile strength
D/t: OD/WT Y/T:YS/TS X 100

* uEl: uniform elongation
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Fig.5 Relationship between transition temperature on Charpy
test and tensile strength
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Fig.8 Results of quantitative chemical analysis of carbide
precipitation for both pipes
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Table 3 Chemical compositions of the steels for X70 to X100

linepipes
(mass%)
Grade | C Si | Mn P S Nb Other
X70 | 0.05| 0.2 | 1.6 | 0.01 | 0.001 | 0.04 | Cu, Ni, Mo, Ti
X80 | 0.06 | 0.2 | 1.8 | 0.01 | 0.001 | 0.04 | Cu, Ni, Mo, Ti
X100 | 0.07 | 0.2 | 2.0 | 0.01 | 0.001 | 0.02 | Cu, Ni, Mo, Ti




Tiif O 37 RN PRI B L 72 v )

LB T4 ¥ 34 TOR%E

. =

Photo 2 SEM microphotographs of the plates for grade X70 to
X100

Table 4 Tensile properties of the trial production pipes

Dimention . Tensile properties*®
Direc-
Grade | OD | WT | D/t |on | YS | TS | ¥/7T | uEl
(mm) | (mm) | (mm) (MPa) | (MPa) | (%) | (%)
Longi.| 555 | 669 | 83 |11.7
X70 |1016.0| 21.0 | 48
Trans. | 550 691 | 80 | —
Longi.| 581 | 734 | 79 |10.1
X80 [1016.0| 17.5 | 58
Trans. | 584 | 752 | 78 | —
Longi.| 658 | 822 | 80 | 6.5
X100 | 914.4| 143 | 64
Trans. | 693 843 | 82 | —

* Requtangular specimen, but uniform elongation (uEl) was mea-
sured by round bar specimen.
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Fig.9 Longitudinal stress-strain curves for trial production
pipes
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Fig.10 Longitudinal stress-strain curves for trial X100
linepipes
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