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High Strength X80 Grade Steel Line Pipe with Superior
Weldability and Improved Resistance to Unstable

Ductile Fracture
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Synopsis:

Studies were carried out on APISL-X80 grade steel line pipe with
superior weldability and improved resistance to unstable ductile
fracture. Both quasi-polygonal ferrites and bainitic ferrites with a
smal! amount of the second phase raised the strength of pipe with
Ligh Charpy absorbed energy, which enhanced resistance to un-
stable ductile fracture. These microstructures were obtained by
applying a thermo-mechanical control process (TMCP) to a steey
plate containing 1.8 mass% of manganese and 0.06 mass% of car-
bon. X80 stee] pipe with wall thicknesses of 10, 20, and 29 mm
was produced, and their mechanical properties were evaluated.
Charpy energy values over 150 ] were exhibited at —45°C. The
Py, value was 0.175% for all thicknesses, and the lowest preheat.
ing temperature to prevent cold cracking in the weld heat-affected
zone was revealed to be below 75°C,
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Fig. 1 Effect of micrestructure on the balance between stength
and toughness of steel

Bainite {Mixture of quasi polyganal
ferrite and bainitic ferrite)
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Fig. 2 Effect of manganese content on microstucture and
mechanical properties (Ve 5! summed volume fraction
of pearlite (P} and bainite (B) phases)
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Photo 1 Example of microstructures of bainite and polygonal ferrite-pearlite
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Fig. 3 DBrief explanation of the oblique y-groove test and its
cross-sectional view
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Fig. 4 Estimation of Ty by the parameter Py for the obligue
y-groove test
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Table 1 Target of mechanical properties of X80 steel

¥ys | 15 | ¢*a | DWTTSA™| Preheat
Z959C | at —20°C o | temp.

(MPFa) | (MPa) | (J/mm?) (%) (%) (°C)

>560 | >620 { >1.5 i -85 l 0.18 | <75°C

* Absorbed energy per unit area
** Drop weight test shear area
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Table 2 Chemical composition of X80 steel produced {mass %)
c | i Mn p s Al Ti N Others P
0.06 | 0.3 1.8 0.004 0.001 0.034 0.007 0.0024 Cu, Ni, Nb, V 0.175
Si Mn+Cu+Cr Mo V¥V Ni
Pon=C+ a0 20 15 "6 60 +5B
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Fig. 5 Effect of cooling rate on mechanical properties of steel
plates
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Photo 2 Example of microstructure of the X80 steel plate
produced
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Table 3 Summary of mechanical properties of X80 steel plates
produced
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Fig. 6 Brief schematic explanation for the WIC test procedure

Table 4 Welding conditions for restraint cracking tests

10 836 704 36 90 3.5(211]%) —120 100
20 591 721 45 82 5.5(422]) —125 80
29 572 710 46 81 5.1(407]) —123 g7

* Absorbed energy of 7.5 mmx 10 mm size specimen
** 19 mm-thick coupon

N B gL Vol 24 No. 4 1992

Test 7Current Voltage| Speed { Heat input .
method | (A) | (V) | (mmjs)| (klfmm) | Fosition
y-groove 140 24 4.0 0.84 Flat

WIC 140 24 4.7 0.72 Vertical down
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Fig. 7 Results of the oblique y-groove test for the 10 mm-
thick and the 20 mm-thick plates
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Fig. 8 Results of the WIC test for the 10 mm-thick and the
20 mm-thick plates
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Fig. 9 Comparison between the y-groove and the WIC tests in
the crack locations
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5.2 MEOHEMOIMK

B DBmEEE S Table 3 T & wRd, YSRIUTS &%
Carie X80 fk MR+ 5 R B h Twd, Bk (YS=Y5/
TS) i3 82~B5% T, 2 HREERX#HL { LTHRERXSDHIERD
HAFEEH I 2880 YS il ~ Ty, TMCF @R &~
LA FEEORBHEDFEL-EMYAVRI R Lo TIRE
COEGERTI L YR 2EST B o LN THD, Bbh
7o Cy B LHE 10, 20 2 X0 29 mm T % A Eh 2.8, 5.1 XU
4.8 Jjmm? FERE B TOBEL TV %, Fh, vyav-—fH
WEHBI BT 5 BO%FATT & 2 ¢ —20°C i kih 5 DWTT & SA
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Table 5 Mechanical properties of base metals for X80 pipes

. Cyat CVN50% DWTT-
Thick. | Y8 TS EI* YR¥ “ .- FATTB SA —20°C

(mm) | (MPa) (MPz) (%) (%) (Jjmm%  (°C) (%)
10 | 809 718 30
20 | 603 738 40
29 | 625 745 47

85 2.8(16BJ¥HK) < 80 100
82 5.1(405]) < -—100 90
84 4.8(380]) <—100 86

* Tensile properties were obtained by flattened rectangular
specimen in the transverse direction according to APISL
{39th edition}, 1991,

*#* Yield to tensile ratio
#+k Gross energy of 7.5 mm x 10 mm size specimen

I ek E R Vol. 24 No, 4 1992
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Table § Absorbed energy at positions of seam weld of X80

Table 8 Mechanical properties of simulated girth weld of X80

pipes pipe and CTOD values
’ .. . —ope Tensile propeties
Wall thick, Cy for notch positions in weld at —20°C () Wall MPa CTOD values of weld joint
(mm) Weld metal Fusion line** thick. Weld Weld at —5°C (mm)

(mm) deposit¥* joint

10 100% 200% YS ‘ TS TS Base metal Fusion line**

20 172 135

" Lo o 20 ‘ 607 1 702 | 707 \ 0.36 0.58
* Cel-80

* Gross energy of 7.5 mmx 10 mm size specimens
*k Weld metal occupied 50% of a notch front

Table 7 Tensile strength and CTOD values for seam weld of

X80 pipe
Wall thick.| TS of weld joint | CTOD values at ~20°C(mm)
{mm) (MPa) Base metal Fusion line*
0.66
0.64
20 740 0.65
0.53
0.54

* Weld metal occupied 509 of a notch front
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g - AR vy oY - ERRBRER Y Table § Ry,
EEERSH D Vit HAZ 2T, T7T0@E0 v — ABETIC
€ —20°C € 100 ] Ll DRI = F 4+ — 2 B iz,
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BERT, 7 » FAEREN, BB IUHAZ L1, HAZ ©
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L7z,
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4 EFig. 6 iCm Lz WIC BB TORERR & L O BELEF LA~
&L,

** Weld metal occupied 50% of of a notch front
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—5°C CHERTHEESOB S L A& OFETEM LA CTOD
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(1) #/E 10, 20 35 LTF 29 mm o # = W2 X80 fENEFH
TMCP o X bR LA, 3 2 rfl Bl A ~ 1+ 4 PRSI
THZ Ay, BHEEEENED L S FEN TR TEES
WBHEH AR B,

(2) TMCPiZX b, FPem BEFERD X70 ICHERL - ¥ ¥3RE
A X80 CEDAIEATRE .

(3) ERIhEIMNLNDy BRRELARE WICHRO 21§
DB AR TP LA R, BUE 10 mm e\ T 75°C,
R 20 mm 2 30Tk 75°C Ll 100°C LUF o 8 BEIE T #%
BEMNE LR, RPCREBBEEENR IR,

(4) WICEBCcREESEV BEDCEH hIAERLYRT &0
5, FH HAZ @ hEFE0F M iif s v XA
DOHNHETTH S,

{(5) #MEOBEMEBELBEN O L -, TMCP SUFW
T L h R LA XBC SRS AN, TEE ML o Lk
Hra&oi@hiofis s L RFATHEEEYAMT S C
LA D BT,
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