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The 420 MPa and 500 MPa Yield Strength Grade Steel Plates
with Excellent HAZ Toughness Produced

by TMCP for Offshore Structure
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BT —50°C BEOERCKRIT s REMSER SRS,

RS RSO R L EE L RERE L, BEESEHLLTD
FLAEOERTSH D, HCEEREEE (HAL) oWr+aRmD
LAENED, - DB, HFEOBERELRLSEOTES
% B LA o sl Bt o Bk e mir L
L., MACS (multipurpose accelerated cooling system) ik, #Hl#E
e FoECHESIENCL D, BFEFELEO G L THYEBESEE

T ¥4 ENAITBRREEM

L3

BEMEMARIE S LT, AEREMCAV 5 YP420MPa
i (FE 101.6 mm), KEEETOERICHLBS5 YP420MPa 8
(R 60mm) HLURELYEME L7 YP500MPa ¥ (IRE
50 mm) HBISE L7z, TR LOEIRE, BESEELRET L O
OB SRR OTRRERIC L 0k, s s TMCP &
Vvl X7, B0 P 12 0.20% LTFTHH, FHRELTD
EHESATIETH D, AF 3~0kl/mm o SAW @Fin CTOD &
i —10°C FHL o —50°C OkigEEd) ©0.4mm Ll ORI
EHFLTEY, WHENOERLBEEERE LTIl H
THIENERENI

Synopsis:

Steel plates for offshore structures with satisfactory toughness
of the welded joint have been successfully developed using both
continuous casting and thermeo-mechanical control processes.  These
are the 101.6 mm thick YP 420 MPa stee! plate for a large structure,
the 60 mm thick YP420MPa steel plate for arctic use, and the
50 mm thick YP500 MPa steel plate,. The chemical compositions
of the steel plates were appropriately designed for improving the
HAZ toughness, The F., values of these plates were less than
0.20%, which enabled to weld without preheating. The submerged
arc welded joints with a heat input ranging from 3 to 4.5 kJ/mm
showed sufficient CTOD values of more than 0.4 mm at --10°C
The CTOD values of the steel plate welded with heat input of

5 k]/mm for arctic use were also above 0.4 mm at —50°C.

YEEFENLFERTH D, ARG TE, HAZOPEXEHDLD
CREASIT A MBETEOBECsWTHEM LT BL LD
T, ChGOMBEE S &I EEHER L0 MACS 7 e e Ak v
TR L1 3 Mo s LU F OB ERTFOEEEL I L 2.

2 RO B R MERE

P, EEELHA L LT BN R S h Ty B ER TR
EREO L O TE YPBOMPa g0 E 100 mm BETH DD, £
o CTOD REROERER L —10°C D § D Hi% L,

AW it SRR Rimikges Table 1 imda, wifitd kit
WA ALV IHERAKTLO CLOTH D, WATRROME
% YP420MPa i o84 10L.6mm & Licd ®, FBILEE
AL FZT CTOD ERBES —50°C & LA BHETOERY

— 13 —



FEHE SR AR ROME 1 [ s TMCP 81 YP420 351 0F YPS00MPa &t WS s e

Table 1 Target properties of the steel plates and the welded joints

Plate thickness Steel plate Welded joint
Steel m(t o V Charpy absorbed | Weld: Hear | CTOD va!
mm arpy absorbe elding eat input value
- ¥S (MPa) TS (MPa) energy (J) method (kJ/mm) {mm)
A 101.6 =414 =h17 vE_ =48 SAW =4.5 =0.38 at —10°C
B 60 =400 2530 T SAW 510 >0.10 at —50°C
C 50 =500 =570 VE_q=48 SAW 4.5 20.25 at —10°C
BifgLizbo, TLTMCIIMEY X L@ YPS00MPa ffr - L
- - >1330C  Coarse grain HAZ
1D TH L, (CG HAZ)
AL APL 8o 2W?2 Grade 60 %, @ B2 2W Grade 60 £
DERMFLGEAL LD Th b, MCOTBEBARTE STV
W7odh YS A 500 MPa F Crabieflil 2W IR MR Lz 0T
HEHe ' Aci—Aa Inter -critically
reheated HAZ
{IC HAZ)
3 LSRS EMERHORE )
!
EREEMMEABR AR D 20 0 MM E I HTIEL L D1 SUSC juer-crivically
Table 2 /Rd, WEKTHMELERT 500, ERESRIE, 5 Aoy oo Soarse
ESif, ENJ REM 2o T ofnilob¥agmco {ICCG HAZ)
HHE L MACS 7o e ADFEE YT - 72,
> 1350°C Sub-critically
Table 2 Metallurgical countermeasures for improving the < Act ;:?l?t;iczoarse
toughness of local brittle zones (LBZs) {SCCG [LAZ)
LBZ Metallurgy Countermeasure
[ SO Time
CG HAZ Grain size Fie 1 F tocal brittl { their th [ |
Utilizing pinning effect | - Fine dispersion of g our local brittle zones anc their thermal cycles
by insoluble fine precipi- | TIN
tate - REM addition
Microstructure grain HAZY, % LT SCCG HAZ (sub-critically reheated couarse grain
Reduction of the MA |- Lowering HAZ) ©h%, Fig. 1 ic sy 7 Lo L hAERIhS 4
constituent in upper - Lowering C _
bainite structure - Lowering N LBZs #x1,
Nucleation of fine ferrite- | - Lowering C,,
pearlite structure « REM addition 3.1 CGHAZ ¥z Dt
Matrix CGHAZ iz, Fig. LR Lick 5ieBHrl AA0BERHC X
Reduction of free N and |+ Lowering N P 1350°C Bl b & b X hicifs ©h Do CG HAZ Yl bR
sol. Ti + Control of THN
ELTRED LI ARNRE S,
ICHAZ é‘;“gfj;:“;it;f‘e toughness | (14ilizing the TMCP (1) REM $xof Ti %ML, 48 L7 REMO,S) w X
TINOEvy=v /e b, BERYI 27 LL4—
ICCG HAZ | Decreasing the MA consti- - b e fET
tuent . Lowering C, Si, AT H 4 MROHA LIRS, .
Decomposing the MA to i and P (2) ERFEEL ENCI>SHMOMM7 =74 +-2—F
ferrite and cementite
A ko
SCCG HAZ | Minimizing the detrimental s _ N
effect of precipitation hard. | 5&(2:;';;_2% Nb and 3.2 ICHAZ OEMICXT 285
ening on toughness c s

HAZ gitk oo, >0 BHEAS D, —2ik, AABFE
ik % HAZ ok L2 B THh . Fiodh 5—2h, H7
ABEOMY A sz X bAEK IS LBZ(local brittle zone) = &
ZH{kTch s, LBZ okl B I U % o Hbid, BEASDY LA
HIREEOBENEEY Wk EFL TV 5,

EEOPRY €, HAZ Wik 4 llo LBZs 2385 2 LAl LA
ThTv 3. Tids CG HAZ (coarse grain HAZ), IC HAZ (inter-
criticaily reheated HAZ), ICCG HAZ (inter-critically reheated coarse
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ICHAZ i, 1 ADBEIC X 0 EHA, Aa & Aa DRIT
b2, IR EEGTHEL, 0SS CILESROH X
(i & A KD b gy, 2 IR ENS S Wi fEo s IriEr &
DER LB AT vy F OFEEC L D EEREET 5,

Fig. 2 1= ICHAZ =54+ % fusion line 705 2mm $Eh -6 E
DYy =R A K~ L Y OREEREEORGRY T T,
ICHAZ imxtiod 3 HAZ 2mm o8I B BEc X2 {HEREL
Tud, Eh, kb I 28 BEoHE R ICHAZ ot
BEHYTHED 2 BNE LML TWD, BHOMMER: 7=
A B TMCP B EASRROFETHD,
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Fig. 2 Relation between toughness of base metal and that
of HAZ 2 mm

3.3 ICCGHAZ oEMicatd e

ICCGHAZ 1z, 1 AA0OEEHK X v EH21350°C Lk
ThANESD, wAAKLLID As & A o+ bb 2 B
EEMBIhHSThS, 2 HECENR IR BEBLA
F—AF A b C AERE L, martensite-austenite constituent
(MA) iR L, LBZ 275, ICCGHAZ & shs MA@
1% Photo 1(a) 1R+, BHEOWEY ©, ICCG HAZ Bk,
B MAoBTCREESLY, TOHMBRIULGM, Thbb7T A
SA MR IV MA RTHOER S RXECHEET DL - LAHLS
Ll oTuAh,

CGHAZ X0 ICHAZ 3 1 MoFE#H1 7 A0 L hERS
nBa, ICCGHAZ i3, 2 @OEESY 1 7 Al L AR Eh D
DT, BB ABROSE A ABEORCMEL LS, Thizx L,
FAB ] SAAEEOREY, ICCGHAZ 4R 2 THE L
T\,

ot AETI, ICCGHAZ 17 — B B3 A ADHY 1

(a) ICCG HAZ (h) ICCG 1IAZ tempered at 450°C
(= M-A constituents) (+ Ferrite-cementite aggregates)

Photo 1 Scanning electron microscopic observation of simu-
lated HAZs
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(mass%)
Steel C© &% Mn P S Al Cu Ni Nb
TM1 0.07 0.11 1.45 0.01¢ 0.00! 0.035 0.26 0.73 0.012
TM2 0.08 0.38 1.46 0.004 0.001 0.033 0.20 0.20 0.025
NM 0.6 0.37 149 0.011 0.003 0.017 ~ 0.16 0.027

400
b [ Steel TML ©
£ Steel TM2
300 |- R 8 ﬁ 0
® Steel NM
o Steel TM1 A DO
S 200 |
-
T Steel TM2
100 -
Steel NM
0 100 200 300 400 500 600 700

Third peak temperature (*C)

Fig. 3 Effect of the third reheating peak temperature on the
toughness of the ICCGHAZ (The first and second
reheating peak temperatures of simulated ICCGHAZs
were 1 400°C and 800°C, respectively.)

7 LD R R, LR XD, 460°C BELL Lok
A r A RFHCBES L OWEREFEINSLY, Zhil Photo 1(h)
WaRT L5, MADZ 25 bbbt vad r~DGBETIEL
TG,

Fig. 8 1z ICCGHAZ oI BITT 3 AAEORENHE T
T & C-F Si o NM 1 500°C oFn#ch iz EnD
Low, 600°C ¥ THIAADRENERLTLHAEFCRERIER
VbRV, chisstl, B C-{E S oM TML X0 EC-B S o
FTM2 13 ~2A0EED LRI & L iru ICCG HAZ oiies
HEEIND, ¥ oW O KERBREE C-{E S o TMI i1
B Crhph, BEC-5SiofTM2 b s0°CEL L5,
ICCG HAZ R ERN 7 v —io 1 5 S pE Bl 2 BN LM
ek { kT B,

Fig. 4 ic ICCGHAZ 3 J 0 450°C o {EH EMM 7 v -t — %
Fi7- ICCGHAZ o 8tk ¥+ C, Si, Nb @@ x i,
ICCGHAZ @<, ¥R oBBREE TV, L,
450°C mER EEM 7 v 2=tz L b, ICCG HAZ oz HE X
o, ¥, SixERIEESCEETH S, ICCGHAZ vz,
Fo SigETE MA 2iEE S i, 460°C o EBERMT v~
B2t ICCG HAZ ¢it, Si% 0.2mass% (JU4B, % THT) *
LB MART 251 b e v PEDBLT
Z g, S TR, MA o AMER TG T Y e ThE D,
FMEM S, 0.10% T CoOEM, 0.03% FTo NbogEn
W3 A ADHERY A 2 4% ICCGHAZ o WtE & 41EE
Bz L AdnD,

3.4 SCCGHAZ MM »d Dkt

SCCGHAZ & 2 E#hw 1 7 L4234 LBZ ¢4 b, CGHAZ
DE2AADEBY A 2 AT ) A TR EMBR T RELOTH
%, CGHAZ GIT[E¥E L Tyt Nb 23, 600°C BE~0Binsis
L o#EHE NyC,N) L UHiE L e Haes, Fig. b
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0.33%51-1.5%Mn-0.15% Ni 0.07%-15%Mn-0.15%Cu 007%C-0.35%5i-1.5%Mn
-0.01%Nb -0.16% Ni-0.015%Nb -0.13%Cu-0.16% Ni
IccG- |5 60 60 60
HAZ [
I
40 4+ 40
E | fo’—_o\
'“‘IP“C) s b 20 20
BO0C /)= L
=3
S ) 1 L 1 0 ] 1 ol 1 1 1
0.07 0.08 009 010 011 012 0 02 0.3 04 4 0.0 0.02 003 0.04
1CCG- 5: 20 l —20 20
Az S| 5 -
+450C f;:‘ 0 _0__—__0/ — 40 oF o
uoocy[= b A !
+ &
s | 20 —60? -20p
t |2 _:1.__0/0
4‘30(: 5 _40 1 1 L 1 | — 80 1 i — 40 ] 1 L
0.07 008 009 010 0.11 012 0 0.2 03 04 0 001 002 003 004
C content (mass?%) Si content {mass%) Nb content (mass?)
Fig. 4 Effects of C, Si, and Nb on toughness of ICCGHAZ and that tempered at 450°C
Fusion line SCCG HAZ ot B+ Nb o i rd, Nb o 0.03% T
Ac DI SCCG HAZ o B8l
~ 600C L EoBgEapERogecl T oaiy 4 &g, REM 51U
i Double Ti M L7 E C-{E Si-Cu-Ni-Nb F2 A4 & LIEER %
300 weld  cycle HE L. BRESFELSCE )RV RECR TR LT,
P o . Cu e 508 Ni %ML, & Bic MACS 2 % - 7o H BEEIE -
) ) ¢ Q HEsH T s £ AT LD EEO#ERYH -7, Cu BLT Nid
50 | .
. g ° HAZ @i T 525 C ki ¢ ME LAY AL THE LCHEN
o o] zhb,
[}
5 4 RIROEEM
g 40 BRRMEOLFRIEPBETOLR
100 T Double Table 3 |2 &HEO LSERATFo Cop 2 0.38~0.41%, P
As-weld I )
cyce L 0.20% LIFTaHh b, FoLLTOBENTRETHE, Fig. 61
-
sor | ® | ¢ SMTOWETRYRT. BATETIE, P, S BOTHM % 55
0.07%6C-0.1%8i-1.4%Mn ET5 E &b, REM HRinGEE %15 @ ks s i TE A 310 mm
0 ! I I 1 1 DEEHE L, BEIE G, HENEECHEF 2B, RES
0 001 00z 003 084 085 006 R EGE L SEELO®, I Al R LA,
3 . el
Nb content in base plate (mass%) fods, YPSOOMPa %0 » 7 C o2 CiL, REERED fo,
Fig. 5 Effect of Nb content on toughness of SCCGHAZ IEAEHOE, BRELE Tt Fic, #HE 101.6 mm oA
Table 3 Chemical compositicns of steel plates (mass?)
Steel C Si Mn P s Cu  Ni Nb Al N C, ¥ P, % Note
A 0.08 0.18 1.53 0.004 0.001 0,19 0. 40 0.024 0.029 0.0036 0.38 (.18
REM-Ti
B 0.07 0,11 1.45 0.010 0.001 (.26 G.73 0,012 0.035 0.0025 0.38 0.17 treated !
C 0,10 0.15 1.50 0.004 0.002 0.26 0.49 0.030 0.037 0.0038 0.41 0.20
Mn V4+Mo+Cr  Cu+Ni
*1 — —_—
Cog=CrH—g+ 5 15
Si Mn+Cu+Cr Ni Mo V
*2 . e T — 5
Paa=Choyt—55 +tgot 75 TP
Jes B gk Vol 25 No. 1 1993 — 16 —



po Rl B 2 TMCP 8 YP420 33 2 2 YP500 MPa LiMe i & @ 17

of molten iron converter| |treatment degasser casting

Reheating Plate
furnace rolling

Pretreatment i_‘ LD l_.LF andd FI | o RH type -—pCOHllDUOUSi—‘

MACS{accele {Steel A and B)
rated cocling)

L el O

Fig. 6 Manufacturing process of steel plates

WTiL, BRhLE0He o7  EREOS, BETEEYHIE
L.

4.2 BHBRFRY

Photo 2 B # o XS EEEABETT. VIRt B> =7
A PR EUSA A P EAOHEBTHE,

Table 4 i BH OB EBRZB B IV 2mmV /5 F ¥ v L —FE
BERTT, WTROMIES, Table L imRLAcEE, BitoBHE
Ex, WE 128 TenlRLT VS, ¥, WE10L.6mmd
WAL DOWT L, IWEFHSIERBRC ST A VERT7% ML
*x<, TRRMT A FTTHERELT-%,

ki, S OBEESERAREY 3 S CTOD 38 GRA
Eah B kL, AL, BxB, £Ofud Bx2B+4 R}V kb
it FOfEE, CTOD {E, MAFIUHC T —10°C T,
BERARED BHF T —50°C Tvvihd 1.7 mm BEofEzsl
e

4.3 BT

EEEEIASS Y JIS 73158 ofls Y HHRH AARC L
b7z, Table 4 T oERE4 7T, AR IV B ORI
EE 255°C LT Tk o, SiICoEht 25°C LEWEETHEDC
L, WTMOMLERTERCTHTRELOBEEINEELE

Thick-
Steel ness
{mm)
A 101.6
B 60
C a0

Photo 2 Microstructure of steel plates

2 bh%,

4.4 ZEEFTHAE
HWEORLAEVHMAOEERTIHCOVT, Bkh5% 0B

Table 4 Mechanical properties of steel piates

Plate Tensile properties Charpy impact propertics Iir:n};;at
Steel thickness | [acation  Direction Absorbed energy (]} 509 without
YP TS El FATT cracking*?
(mm) (MPz) | (MPa) (%) —a°c | —goec | —s0°C | O Q)
L 439 535 32 421 382 130 —73
1/4t T 451 556 3l 430 364 277 —-92
7 — 527 77 — — — —
A 101.6 =25

L 428 530 33 424 421 397 — 86
1/2¢ T 420 528 32 385 368 292 —84
Z — 524 Al — — — _
14 L 480 539 21 —_ 305 312 —114
/ T 480 © 549 28 —_ 315 329 —114

B 60 =0
1/2¢ L. 495 549 30 _ 307 213 —115
T 485 554 27 — 295 250 —106
L4z i 515 591 28 279 268 213 —105
/ T 530 603 27 211 214 169 —95

C 50 25
Lot L 504 596 27 242 185 101 77
/ T 523 598 26 176 143 86 —68

#1  Reduction of area (%)
# JIS 73158

— 17 —
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MMM B h . TMCP # YP420 35 1% YP500 MPa #hifgieigist SR

moob, 250°C ¢ 1h O BAEL TV, v v E—EHERR
kD Eo T LA,

Table 5 i REBE R4 RT, ENSLABC I AHAEERBREC L
FL 4~7°C LTS (G FARERS CHRNEOE L.

5 BEBFORERM

5.1

BREEA

Table 6 = Ml O HEEM L R"T, HME & 3 AME 3~5
kjjmm o £B47=—o 7 — riEEY @RATA E LT,
BROBIBIC W EEEREEER L LT ASE 19.3k]/mm o E Y
—BOF T T — T — RS ER L,

5.2 RWEMFOREFISM
Table T i &HMFO5|IRBAB L LOBTFLEED & » L v — R

i {L

Table 5 Effect of strain aging on Charpy impact properties

Plate Charpy impact properties*?
Steel tﬁéi{ S;?ii[f‘gi{ld Absorbed energy (]} FSA]’OI/‘OT
(mm) —40°C —80°C | (°C)
No 316 273 -—99
A 101.6 § 3%+ aging 312 156 —92
59% +aging 329 305 —95

¥ Aging: 250°Cx1h

*  Specimen location and direction: subsurface, transverse

*

ABEELYTT. MFOF[W/IEEIL Table 1 © AEELYTFHEL
fo TR, HHMED Y A —FR=F 411 19.3k]/mm DX
ABMAEES FH L MBO fusion line (B4 88 50%, HAZ50%

Table 6 Welding conditions

Steel thligclli;iss Welding W)ife (!;Irh(;%\;e Electrode Current Voltage Speed Egitt Ptreer}rlxzat Il’ltt;;%aﬂ
() method Flux (mm) (A) (V) {mm/min) (kJjmm) °C) C)
= — 550 32 350 3.0 100 | max. 250
A 101.6 Multipass KWiOIB
SAW | KBI100 - - i
’If‘ ggg gg 455 4.5 min. 250 | min, 250
. KW30T —
Mullipass ) =" sl - 600 a2 230 5.0 RT | max. 150
KB100 "
B 60
A
Each side | US255 .1 L 1200 38
one pass X = T1 1100 43 450 19.3 RT -
SAW PFISOLT I T2 1150 45
50°
, X — 550 30 280 3.5 RT | max. 250
C 50 Multipass KW?(OCM
SAW | kRlI0o
L 530 30 455 4.5 RT
7 T 550 32 max. 250
Table 7 Mechanical properties of welded joints
- Tensile test V-Charpy impact test
ate
: Weldin Heat input .
Steel thichness rnethlodg (T«}[rlnri) TS Location of | Lesting Absorbed energy (J)
(mm) MP: temperature
(MPa) rupture (°C) WM FL HAZ! HA7Z3 HAZ
A 101.6 SAW 3.0 575 BM —40 162 234 317 453 441
‘ 4.5 566 BM —40 145 217 295 442 434
B 60 SAW 5.0 569 BM — 060 177 231 276 342 345
19,3 588 BM — 60 88 57 103 158 289
C 50 SAW 3.5 634 BM — B0 107 128 165 232 223
4.5 623 BM — 60 83 134 183 239 251
I B Vol. 25 No. 1 1993 18—
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2EtrE) ¢4 571 ThHH, ABRESKkI/mm T oS BEED
BEIEMELE, »FuBETCI28] 0L, BEMETHLEE-S
foe

5.3 BERFO CTOD Fix

CTOD #Eaiz, B &FE L+ Z0RBI %Ay, BS5T62 ik
BT Fote 2, KEEYRA VWL EBHEEOBSIILT
API RP2Z 2 @A L, RBE L ORI 1T - 7

Fig. T W &E O « OB E#F O CTOD ARy RT. A
g 5 kJ/mm ¥ To % BEEMF oI HAZ Ho CTOD {Ei,
AL —10°C ¢ 0.61 mm LIk, B A —50°C T 0.54 mm LI L,
SO A —10°C ¢ 0.42mm [l b & APT 2W HB % /re Lic.
¥, O ORFORIER I BT BN BAZ o Jb¥ik 16% BT
# b, API RP2Z o#EHHREL TV 5, £, MBYA VAR
19.3k]/mm OWHEE —BO#KF fusion line Fo -0 Cr kit3
CTOD {&tx, 0.14mm Ll ECHh i,

CTOD %o L LM Mc @A T 28 dfc» Tk, 4D

« The value is greater than plotted one
40
20+ » ! .
= ) 3 o o .
E OF 8 ° ° 8 ° 3
= 08 o o
2 osF ° @ o
I o ° -
a 04 [
3 L
&=
2 oap
-]
O] 1 1 | | 1 | 1 1 ! 1 1 1
Noteh locati WM| CG WM CG |WM| CG [WM| FL [WM| CG |[WM| CG
~oteh focation HAZ| HAZ  [HAZ HAZ  [HAZ
Testing temp.(C}| —10 —-10 -2 —50 =10 -10
Heat input (kJ /mm) 30 4.5 5.0 1493 3.5 45
Stee) A B C

\ENIh T, RO APl oW csE B w e Rl
B 75mm LUF e 0.25 mm, Fheir ZIREORCL 0.38 mm
o CTOD A ERINTV-H, L LiAin, ZORKERT
s oFEHEGORE I, BENENCTAREBRREY L -
Ao ERE A

—7F, 5 2EELW LR, HERSTMEEERESR
Tk, REHERE (BRESREE) ©o CTOD {E21 0.1 mm [l -7
FTEhEIVEVI BEBRAE LR T2, CORRIZLR
VE, BB R RABERE LS IR VTY, —50°C Tof#E A
BThd,

6 &

il

mEMEENoWt TR RENRNERICE S, L¥EK

SLLTREM B XU T2 HMN L7 E C-E Si-Cu-Ni-Nb T

WIRL, IBOEHFEEYAERE LR L. ffiofdEcsic

=Ti, P, SZEORMM L ERL, EFfESEE L0 TMCP %

HALL, BESBESOEE O F Mo TRAZ 3I~5 k]/mm

DY 7w -7 - P BESTFYIERCEREL. TOBR, Kol

A EI,

(1) #E 101.6 mm @ YP420MPa §8i#is, APl 2W Grade 60
W|ELCTHaelEs I UEELRHo, ¥ BERBEERO
CTOD {5, —10°C ¢ 0.6l mm L ETH 2,

(2) #RE 60 mm oXEEJE YP420MPa i, EETE O
API 2W Grade 60 i & L T-Ha /o8B s X OVBMER D, &
7, BRSSO CTOD Ed —50°C ¢ 0.54mm LI LT3
%o

(3) #HE S0mm @ YPS0OMPa g@#fiz, + o EES I UHE
Ao, T, BEMBERO CTOD {H —10°C T 0.42mm
BEThs,

fr 30, KB YP420MPa iR D fE% & SHEK Bl T, HRD
MR TECLEFETEGOMESLE, B{EHOoBLYEL
T

Fig. 7 CTOD test results of SAW welded joints
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