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Development of YP350 MPa Class Steels for Ice Seas Use with Improved Local Corrosion

Resistance in Welds and the Properties of its Welds.
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Summary

Local corrosion of the welds of offshore structures in ice seas is a serious problem as the paint and
cathodic protection system of the structures are damaged by the impact of ice. For this reason, the
fabrication of offshore structures requires the following considerations ;

(1) Local corrosion resistance of welds.

(2) Excellent low temperature toughness of base metal and welds.
(3) Steel products, welding materials and fabrication methods, considering weldability for wide
range of welding conditions from small heat input for repair welding to large heat input for

high productivity.

In this paper, development of better quality steel products, welding materials, welding methods and the
properties of the welds which satisfied the above requirements are reported.
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2.1 WEBERMOUE

BESDRRER2HNET 5D UTOE LY 205 %
BEDTI,

(1) iRz TMCP BRI L, =D 7 affifiz s
g (HAZ) LRU~RA 74 ML T 5,
B4 L LR O Cu, Ni DRFEH(1)R %
WET2ICRA/FBL LBBEMNE2RET
2,

AJE.=~38XACu+11xXANi+03<+1%
ACu=Cu(##f) —~Cu(BEEE)
ANi=Ni(f##1) — Ni (FELR)
AdE. 34 L BEESBOCERDIEC L 5 BE
BAROEA2RTHEETHD, 5/5RME 580 MPa
FBERIMOBBRRABRER D> S BERIREEL
72bDOTHB9,
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EEMOERICB I CAKERR T 57:0, UTOA
»oEFEEED .

(1) @Kz TMCPSi2ATRCEC & L, BBV~
D Nb, TiDWME Cu, NiOBEERMT LD
HAZ O CAMHEEZR S,
EEMRRREED Ti, BRI X VIBHEDE X
OB E SR 7 =54 VB L, BECA
HEOREEH 2,
SBEY S~ — V7 — 7 BEBRERC X 5 RABEE
TIIERIRERE 2 WY EE L, BERROMIIHE
DBECELIESEVEIRERT 5,
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2BTIRATEZ 5D YP 350 MPa #kfic b BT E
B IDERERT L0, BRERCOVTEIRERHA
B%{T-o72,

3.1 GESRR

HERRSAE DL % Table 1 TR T,

itk CN, NN i3 TMCP$#TH Y Cu, Ni, KUBED
Nb, Ti 28U 72 b O TH 5, —FHE SM RBEEM TH
D, BERORRGEEOLBERBM L U THL:, #3E
SR D 2 7 i % Fig. 112RT, K CN, XU'NN i

Table 1 Chemical properties of test steels used for 1st
test.

Desig-

nation C Si Mn P S Cu Ni Nb Ti

Remarks

N 0.08 {0.27 | 1.37 { 0.006 [ 0.002 { 0.32 | 0.35 | 0.006 | 0.008 | TMCP

NN 0.06 | 0.18 | 1.18 | 0.004 | 0.001 | 0.52 | 1.54 | 0.007 | 0.009 j TMCP

v 0.16 | 0.37 | 1.43 1 0.018 | 0.005 | — - - -

Normalizing

CN T

D

SM 25um

Fig.1 Microstructure of base metal used for 1st test.

7254 b A+ 4 MEE» S %505, HEHOH
WSMOBER7 =54 b+8—F 4 PEBERLTL
%,

3.2 BERUEEME

WE7 — B (SMAW), 7597 AA7A YRRV
T:REBY A7 — 7 B (FCAW), RUY 7=~V 7 — 78
B (SAW) BEsM 25EL, VBT L R&BKR LhA
B~ KRABT 1 /S THBEL o, BHEEM% Table 21C7R
¥, CN SiciEE L .58 DB ESBHMOLESTRER %
Table 3, /NABA(1.5k]/mm), BUKAZE(13.2k]/mm)
BT HAZ O % Fig. 2 WRT.HAZ © 3 7 uifii
AN ABDEE R 100% <4 4 M E, 27 KRABOD
BERNR, RUCRHNIC 7254 bE2EFAEA 4 vl
BrERL TV,

3.3 EEEREREN

EESRBIROKXET 1mm &£ VHE 2 mm, #& 50 mm,
£ X 120 mm (KABEEHOHEE 200 mm) OREHER
BEE&2 AL, RERBES0°CO 3%NaClHhT2HA
0.5 m/sec DIEHAEE AR 217> 7. RBEH%E
Tabled 2R L7z, BRHARI BT 2 RWER O T

Table 2 Welding conditions on V grooved test plates.

. . Welding Welding
It
ﬁzltil:g H;Zt::“;t current Are v((‘)/) age speed Groove
(A) {mm/min)
50
N
SMAW 1.5 170 24 160 VI
o
X7
SAW 35 600 30 310 /18
S—
1200 36 350 P
850 40 350
§0°
XL
FCAW 2.5 280 30 200 A
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Table 3 Check analysis exampls of weld metal with
one pass welding on CN steel.

Table 6 Corrosin test results in 1st test.

CN, 1.5kJ/mm 25um

.C.N, 13.2kJ/mm  ZHm

Fig.2 Microstructure of HAZ of CN steel by small and
large heat input.

Table 4 Corrosion test conditions with low peripher-

ical speed.

Solution 3%Nacl
Temperature +50°C
Oxygen content Air saturated e
Peripheral speed | 0.5m/sec § i20 i ; ?
Duration 2 months
i X

imensions of test 2 %50 %120

piece

Table 5 Evaluation for local corrosion.

Degree Evaluation
No corrosion
0.5 Very slight corrosion
Slight corrosion
Clear corrosion
3 Heavy corrosion

Table 5 ORI RATHEA R IV, BERML /M ED
M EB TIT > 72, FIFHERHE I Wartsild #(7 4 > 5>~
F) OHAEELSEC, BREFARRTOERL BRI
HEOOWTHRELZHDTH B9,

3.4 EPEREBRRE

RERAFBEE % Table 6 WRL 72,
Cu EVHEHIR EEMRL A 2 2 v, Ni §FE0EL

Steel| Welding | welding | Heat input] Local corrosion ratin
o ; T i material | method (KJ/mm) W FL HAZ
e g [t e s Jwn | o | s [ fu
N Al SNAW | 1.5 0 0 2
Al |smaw 1.5 0.07 { 0.16 | 0.71 | 0.005 | 0.004 | 0.12 | 2.24
A2 | SMAW 15 0.07 | 0.24 | 1.27 | 0.007 | 0.006 | 0.53 | 0.44 CN A2 SNAW 1.9 0 0 0.5
A3 | sMAW 1.5 0.07 { 0.42 { 1.33 { 0.010 | 0.005 | 0.11 | 0.50 W A2 SHAW 15 0 0 0
Ad | SMAW 1.5 0.07 | 0.50 { 1.22 | 0.009 { 0.006 { 0.10 { 0.11
B1 |sAW 3.5 0.08 | 0.27 { 132 { 0.012 } 0.007 | 0.13 | 0.17 S A3 SHAY 1.5 0 0 34
B2 |SAW 3.5 0.06 | 0.28 | 1.17 | 0.005 | 0.004 | 0.11 | 1.78 CN A4 SHAW 1.5 3 0 0
C AW 13.2 0.09 | 0.17 | 1.29 | 0.010 | 0.005 | 0.14 | 0.14
1S N B1 SANW 35 3 0 0
2 {sAw 13.2 0.06 { 0.16 | 0.86 | 0.006 { 0.605 { 0.13 | 2.08
3 [{sAaw 13.2 0.06 | 0.17 | 1.03 { 0.005 ] 0.005 | 0.17 | 4.35 o B2 SAw 3.5 0 0 1
F1 | FcAW 25 0.05 [ 0.25 | 1.01 { 0.011 { 0.005 | 0.26 | 1.98 N 1 SAW 13.2 3 0 0
CN C2 SAW 13.2 0 0 i
CN C3 SAW 13.2 0 0 2
CN Ft FCAW 25 0 0 2

WM 0, FL 0, HAZ 0,

(a) NN-A2

(b) SM-A3  WMO, FL 0, HAZ 3,

(c) CN-A4

WM 3, FL O, HAZ O,

Fig.3 Examples of cross sections after corrosion test
(1st test).

SR NN 2388 L B3R BEARRAD >R ok
25, S CN OB& W id HAZ TEL R SRR D 5
Nlzo 2RISR LB D T2 DI VW1 BEdEH SM(7 = 5 4
b +8—5 4 MR DBECE, HAZ TELVLRHER
HN4EUTz, Tabeb RLIZ &S, 8 CN 0F&, Cyu,
Ni & FRLEEME A4, Bl RUC1 THELIEES
3, BESBRHMTELRBHEAMNE L, Table 29T
BohSOTEDED 0.1~0.17% SN TWwEH, Th
KRNI SDEFRCLZ2HDTHE NIFEREDRWEE
MEAL B2, C2, C3, RUF1%#BAWTHIRCN 2%
BLRBE I HAZ TREEEBE Uk, BREROE
BRBBABICIV ZhEBErRERERRED L P
1o HAMR L MRS Y NN-A 2, SM-A 3, RU'CN
-A 4 DEFARBREOWE ~ 7 vii% Fig. 3 WRT, i
CN, R NN HMOBARABHERE (1)) dE, TEHL
Fig. 4 &R L7z, dEc B+HDOFE R 3BEHSBEITHE
BANEL, —fiTit HAZ TREBEENEL 3, F—KEH
BD#ESE, YP 350 MPa H#flic 8T BEEADERER
AE: B3 H1% LR T 1 UARTH D, BEEE#HILTE
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£ % AT AN
s 1r T > ~4 N8
o O 0 B mr—— ()
-(E o
o 0 - - - -———o——————f———-{ 0/8\ ° 8
o optimum o v 0
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4. FEBRREE, BEMEEBVTOBERELRE
OFERR

3EWARLE L IRFBRER S b L ICHHICBFE L
B, ROEEEMELERWT, IAB~KAREE L
HMoEHEC O VTR, HFEEEMER Table 71ZR
N

4.1 SESIR

3BICBREBBREREE L LI, BRLL TMCP KX
28RO CE RS = B EE % Table 8 & Table 91
Y. WEHOUANNRE L BMHERERDO 20, CR
0.06% L1E<#MZ, MEDNb & Ti, 25 IGHEEED Cu
ENi2HML T3, RELED 0.35% LELMzoN

Table 7 Target properties.

Thickness Y.S. vE-60°C(B.M) | vE-60°C (Welds) | Local corrosion
(mm) (MPa) (6)] )] rating

38 2350 =36

225 =1

Table 8 Chemical compositions of base metal used for
confirmation test.

Wt%

C Si Mn 4 S Cu Ni Nb Ti Ceq

0.06 | 0.14 | 1.48 | 0.003 | 0.003 { 0.29 | 0.33 | 0.006 | 0.009 | 0.35

Ceq = C+ Mn/6 +(Cu + Ni)/15 + (Cr + Mo + V)/5

o IR I Wt
-140-120-100 -80 -60 -40 ~140-120 -100 -80 -60 -40
Test temperature (°C)

Fig.5 Charpy test results on base metal used for
confirmation test.

TWwa, 370837 =54 b 2&L~1 74 ME
BThH2, HRAFMOY v L ¥ -BREEE Fig. 51CRL
720 EEEREEIZ - 120CUT2RL, BRIVIRC AN
FHELTWS,

4.2 #EBESE

3ETHRNI L IR, BERORBEHEER2NET L2
DM L BEESED Cu, RUNIABEDERERL
7 (DRD JE: # £1% PR3y bu— VT2 50BN D
D, POBESEOERB UCANESERT 2D, &
BO¥  CHMALERY =54 MBI T 2 LEND 5,
25 I ERE CORMRIBRERAIET 201X, REF
DRERASEERE T I ESEE LS, ThEeB3i
SEBEROBREROMABIENEETHS, ZhO6DHE
REMBEX B OEC-NI-Ti-BREL, a5 HTE
D Cu 2¥MUTz, SR » SBEBE CH# L L iEEE
Btk % Table 10 2R T, AE. D #HH X~

Table 10 Chemical compositions of weld metal.

Welding Welding ,‘:;2: Chemical composition of weld metal (%)
method material (kitmm) | € | Si | mn P s Cu | Ni | aEc | Remarks
Table 9 Mechanical properties of base metal. Seoase o3 |18
Fcaw (ar20%copy | 1S [007[02617.33(0.014 | 0.008 1025|131 ~0.63 |\ foiany
Thickness . Y.p R _ _ope |8
( \ Position | Direction .P. T.S. EL SMaW N-100N 40 |0.06[0.34)1.33] 0.014 | 0.003 1.69] ~0.08 | o0 e
mm (MPa) (MPa) (%) saw NB-sSL Ti-8
(multi-pass) | x Y-DNW 5.0 0.680.23(1.57| 0.013 | 0.005 [ 0.49{0.42} -0.56 treatment
L 421 500 38 5
38 1/4t saw NsH.sstm | 102 1i-8
one-side " i 0.070.27{1.61{0.007 | 0.004 [0.14[1.61 - 0.54
C a1 510 33 (z:m) X Y-3Ni 148 treatment
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0.09~—0.63%TH Y, T I LUNDODEKERLTHREL T
Wb,

4.3 B

SMAW (V), FCAW (F), RU SAW (F) (ZBE#E,
RO 3T 2 SAERE) X0 RBHF 2ER LB
BT WEESlE % Table 11 1R . 3 BMAATE SAW
(FCB: Flux Copper Backing &) D#5& OREEINE *
Fig. 6 i7" 7,

4.4 HBER

UToEB L (B EIiTo 7,

1. BESOEAKFHEESR

2. BEIOBIEU AR

3. AIHEKGTTOBEERORTRERR

5. BRFERUBBER

5.1 BESOEXNEE

KABSAW 2 k2SO~ 0, kRU's 7 ol
—f & LT Fig. 7ioRd, BESBHEEL U THM %
WR7x254 vpokl), HAZBRARRURRIZ 7 =74
MEELRA A4 PEBERL TS, FBEBECLEE

Table 11 Welding éonditions applied for confirmation

test.
Welding conditions
Welding Welding " i
’ Groove Welding Arc Welding .
method material current | voltage | speed H(e;;:’:l;‘
[GY] vy [(mmimin)
Sy
i
& 180 |20
(FFC)AW SF-45L | Ly, 270 27 $ 3 av2.a
T N3 200 J21
]
AN
b
i
. < 150 66 32
(S\:’;'AW N-100N 4 M 5 25 5 b av33
2 160 73 34
Ay —
[T —
T 7 28 300 |42
SAW(R) | NB.s5L 4 30 A : Y avas
(multi-pass}) { x Y-DNW 750 32 320 5.0 :
A gy
- .
L L :1300 34
Ti: 1100 42 550 14.0
SAW NSH-55Lm T2: 950 a0
(one-side P O N A [ oot SRR ISR, bommeemm e ]
2 pass) x Y-3Ni r
/ & L : 950 38 400 "1
- T1: 950 40 av12.6

electrode ?l—lfCtmde / _t;_‘zectrode
i I HoL
F5 35 m F@
[
"— 500 10 I’

distance (mm)

Fig.6 Arrangement of electrodes
method.

(a) Macro-structure of
cross section

(b) Microstructure of WM (c) Microstructure of HAZ

Fig.7 Macro-and micrstructure of large heat input
weld by FCB-SAW (one side 2 pass welding).
Welding material : NSH-55Lm [(JX[]Y-3Ni
(4.8¢ & 6.4¢) Heat input: 14.0 & 11.1 kJ/mm

HT 2mm O/ 8 MEERRE % Fig. 8 IWRT . MARR
HEEHRO HAZ O 537 31349 200 Hv Th 3 53, KABGE
BEB> HAZ 13 MMOHVRETH 2, BEBRFELRMEER
BAHER % Table 12 1R $, HFFIRARTH, TR
BRH b TRETL, 520 MPa DL EDBE LR L, /-8
TEE O BIFTH 2 2 L SHERI NI,

E I REEBO—600CIZ BT 5 v VE—RRT A NF
—it, VTHOBEBECBLTH —60°CT 25 ] LLE (Fy
#) OERERFSMET 2ENE SN,

INAB, RUKRABBEIRD ¥ v b E— R 31 F —,
FetERRTE R & I8 O BIf% % FCAW & FCB-SAW 2 D\
T Fig.9, Fig.10 xRl 7z,

5.2 BEMOBIECAMRBRER

BEHERC X 2 BHREHORMUBERE S 2 TS
728 3 Ak CTOD BEER 217572,

300 FS 2mm below the surface 300F  £S 2mm betow the surface
280} SAW multipass
2601

_. 240}
S
2 200
180}
160+

w
1407 BM—{ e WM ———e] 142 |o— BM
120 Wt o, T
FS 2mm balow the surface 300

SMAW 2680

260 SAW one side 2 pass
240

g

3 200t
180

160
s W
M WM ——— }—BM 0L BM— Wz o WM —f 52 |—aM
i

120

Hv(10)

FS 2mm below the surface

Hv(10)
N
5

Vickers hardness distributions of various weld-
ed joints.
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Table 12 Properties of the welded joints.

Welding [Welding Heat Joint tentlon [Side bend Charpy impact test
method [material] input test test
ge |Loc.of R=2t Loc. | vE-60 C. (W) | vIrs
(KJ/am) | (MPa) | fracture Ave. (mln) (C)
FCAW SF-45L 536 8M Good WM 118( 99) -5
(F) 1. 2nm & 2.1 536 8K Good FL 251(198) - 90
HAZZ 292(292) <-100
SMAN N-100N 534 BM Good N 99( 66) -0
) 4nm o 3.3 632 BM Good FL 206(160) - 90
HAZ2 291(289) - 90
SAW (F) | N8-55L 631 8M Good W 65( 35) -3
Mubti- X Y-DN¥ 4.5 §32 BH Good FL 264 (226} - 86
pass 4.8mm0 HAZ2 282(261) - 90
SAN (F) {NSH-55Lm 632 8 Good N 85( 58) - 65
one side{X Y-3Ni 12.6 520 Bu Good FL 160( 56) - 82
2 pass HAZ2 262{221) - 76
~~
Q
X
< 100
2 F o .
c R
= 50 > ~
‘a SLES v
- L NS Tl _
9 HAZ 2 S
& 0 e —
© 300 — P AT @) Yava
- .
= A 4
= y A
N /7 N
N / o w.M.
~ - / AFL.
- /
2 200 7»% A O HAZ2 |
& 7 oo
& - / ]
- - / ’IO
'] / et
B r /
a |/ 0,
[ - / ’O>
8 [ Z& |
100 “—0
Q 7
— 7’
< - o
- I(D
’
- ’
’
7
- 8”
- O
o
—-100 -8 —60 —40 —20 0

Test temperature (°C)

Fig.9 Charpy impact test result on weld by FCAW.

HEER % Fig. 11, XU Fig. 12 &R L7, #BX BS-
5762-79 IZfEvy, —30°C, R UHLIRIBR IC 8 1) 5 REFRFHE
BED—50CTIT >, BEID CTODE (6) &, % &
SAW OBE#2BEH —30°CT0.18 mm (pop-in) BAE, —
500CT0.13mm TH - 1228, ZOMOBEBEEDOHEEGRE
BEEAE L -30°CT0.2mm (pop-in) LA E, —50°CT
0.18 mm (pop-in) YU LEDEZRL TV 5,

BEBCHERBRECAKES R 2FE L L TidEL
DHOBRRINT VB, T ZTid WES 28051 (2 HEHL
Lic A2 AV, TR E2RELBE L. WES 2805
TIRBEEBOLERECAEEE b LR LT(2)K
252 Tw3,

6=35-e-a (2)

ZIT 0 LEFIECAME (mm)

e I BEHRCIERT20TA

g 100

7o L OS] e

5 HAz3"“*‘t§\‘;2/\ WM

ey - Bt ~~,/_

2 % A

O 300 : =T
- /,%2 ;:;AA&@
- /'*—.—*‘:_l./- \
N // /XV / A

~~ - !

2 20F v 5/

s |

s Fo /v

5 - . ,10 /,/

E N / 8"//8

5 : / / ,’O

2 100 e

< ol /] ,)(' ow.m
- / / /, .M.
- / SR AF.L.
- OR7 oAy O HAZI
5 Ag V HAZ3

0 ol I ! !

—100 —8 —60 —40 -—20 0
Test temperature (°C)
Fig.10 Charpy impact test result on weld by FCB

SAW.
T T T T i i T T
2.0 - Tt ottt TrT
o0
o
l °
1.0~ o o~ P
’E\ » o o
£ L ° P o
- 0.5 }
c’ I (-] ° P ¢ [+
© 3 A o o P
- o P P
. i
a
: 0.1 :_' P: pop-in
a L
o
£ 0.05f
o L
| Weld Hetal| Fusion Line| Weld Ketal | Fusion Line
0.01 1 1 { ] [ ! 1 '
-50 -30 -50 -30 -50 -30 -50 -30
Temp. () Temp. (¥)
FCAW (F) SMAW (V)
H.I= 2.1 kJ/na H.1= 3.3 kI/an

Fig.11 CTOD test result on welds by SMAW and
FCAW.

@ REEFETE: (mm)
THEEEYE T 2 REBRF I REAMERT 256, M
EEOEESIHIER T2 074 e &, BEREICHEER
L, EHEITXTUTFACHBET 2L (3)RCEIKRES,

e=e:tarertarer (3)
ZZT, e BIRMIGHCEDELR VT A
e [HITIEHICEDEC RV T A
er - BRABERECHCHGET 2034
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T T T T T T T
2.0 tt
Tt T
1 © A 11 1T
o °
1.0}
- r o
& E ° o
& o
- = o
0.5
. i s o
° ° °
“ i ° ¢ ]
. o °
o L ® ° 3
2 OP
— o
® o
s 0.1}
g R P: pop-in
B g.05 '
(&) L.
™ Weld Metal | Fusion Line Veld Metal | Pusion Line
0.01 1 { 1 1 ! ! 1 !

-50 -30 -50 -30 -50 -30 -50 -30
Temp. (¥) Temp. (T)
S AW (F) Hulti-pass FCB-SAW
f.1=4.4kJ)/ax H.I= 12.6 kJ/ma

Fig. 12 CTOD test result on welds by SAW.

by ar BREOBERURBEE ZOMEBI L 2fR%E L
TE 26 T30,
BESOERO T4, BERORIR, BEHEICEKET 3
P, ZITRI{EEELE T2ERBRIDERCRBELTH
S bBLOWERAXREEEEL (XUPLVWERHEELTT 2
o R EEEE), BEKRKRIZ 0.5e, DEBOFABERT 3
r—AREZLD,

HET 2 RMBOKE 238 T % EBEHBRE O KRR
HEENE2EZBL TREZINIRETHSBY, ZITRES
1.5t, ZEX 0.25t OREEHEEEL 7o, BEVWORE%R
38 mm & L7:3&, KM @12 10.5mm £ %0,
Pisarski, Harrison 52 & 28EY »#WEL TW»35, ITfEF
M|EL LTIk, 2ULWLEELTJOQS-1986 THEL
TWBEREIDHEEL LT, AZXF 15mm/m, E#E\ 3mm
EHRELUI. AR FIRBERF SR IBMER L
BEOHMTOFTHIZ(4)RD XKD,

e»=6-(wo/t)-(tanhm/m)- e;
m?=12-(1—v?)-e.-(I/t)?

(4)

T, BEFORTEREZFAI,

5.3.1 BBFERUFHEBRAR
EREARRBR B LRBRA R L ABR&H % Fig.
13, XU Table 13 iR, HBT 3B AOPRE —F b
ET2RHOLORFML, hRELFEMIL 72, HER
BER50°CE L, AT¥kdCRIERE 83.5 [E/min, &
# 3.5~5m/sec T 6 4 AE{T- 72,
RARBERES Table 1412, SEHBEEI B 5 &8
DIREBP IO THANLERE Fig. 142, FRBER
BOWE~ 7 0% Fig. 15 KR LTz, BEBEBERICLZE

welded joint

|70

A
a shot blasted

[Te)

(=]

o
E machine dressed
I~ after welding
240 {

Fig. 13 Test piece configuration for high peripherical
speed corrosion test.

Table 13 Corrosion test conditions.

Solution (g/l)
NacCl : 26.52
MgdCl, 2.45
MgS0O, : 3.30
CadCl, 1.14
KCl 0.73
NaBr 0.08
Temperature 50°C

Dissolved oxygen

Air saturated

ZZT

Nt§

er .

lm b7 ) OAEFE (mm/m)
TRF7YV ER (0.3)
CRE (mm)

BEBEIEN —c,

[ TR D ¥ E (mm)

RSB ENIHISS T CHE L BERBIERT 2034
elxl18e, 2D, a=105mm TH2Z v, (2)R&
D §=011mm k7% %, REERE, LB CORIEEA
BE-50°CIZ B T b BIEFRIC L 0 AR OBEEL
AMENE (8e) ik EnfER#E Lz,

5.3 ATBEXPTOBREBOBHBERAT
BREBEETN, B, RABSEL-BERBHIzOVL

Peripheral speed 3.6~5m/sec
Duration 6 months
Table 14 Results of corrosion test with high peripher-

ical speed.

Welding
method

Heat input High speed immersion test (Sm/sec, 6 months)

(k)/mm)

Welding
material

w.m,

F.L

HAZ

FCAW

SF-45L

21

0

0

0

SMAwW

N-100N

33

0

0

0

SAW
(muiti-pass)

NB-55L
x Y-DNW

a5

0

0

]

SAW
(one-side
2 pass)

NSH-55Lm
x Y-3Ni

12.6

0

0

0
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ERBHOEHERRTNTHE0 2TRL, MEDOLRWI
rHRERs R, —H7 =74 b +8—F 4 MERO
M SM rEiEROES, HAZXFEASOREEELREEL ao b
7ro IRE D BEEEEEVBERERAHMS Lo LHKRE
WZ EDBES»ER T, —F, HE@c B Tid HAZ O 18 |-
R bkE{ o7, L cx
Fig. 16 3EABEORBER 2 LB L TRLIZHODOT Chips were added |
How, o2 THEESHL N, 0.9%Cu, 0.8%Ni &
T%&t Si-Mn %O TMCP T & 72515k & 490
MPa &, &1 580 MPa k&R /1L 3.5%Ni iz & TH
%, 50°COATHEK 3 7 B TORBMEBOBRME KR
WD TIBEDR S0 B 2> Twb, 3 7Kk0b 556
i, BEREREBRCH LEBUEIRZS b Ty
22, &EB T % - L EEEEERRBROMBRE, KBk T
DAL 5~10 fEDHMEREICAHY T2 D L HM S

2.2 +- ESAB type test (5m/sec)

4 14

(ppm)

12

1.0 4 10

Corrosion loss (mm/3 month)

Dissolved oxygen

086

04

2

0.2

%/___.Alaska Beaufort Sea for 1 year
Il i i ] 1

0 10 20 30 40 50

Temperature of artificial seawater (°C)

Fig.16 Relation among corrosion loss, sea water tem-
perature and disorbed oxygen content'®,

Corrosion loss {(mm/6months)

ns,
—a BLEORSRD 5, HHBO R R E A A B
(one side 2pass)  (mult-pass) Er=SEREL, BN ERAMEET 22 EBERS T,

Fig.14 Corrosion loss comparison among weld metal,
HAZ and base metal after corrosion test.

6. % & &

KB OBEBEDENRE L GRO 3 G2 ERICH

KEfTo7

(1) R BEMEOBERES T ORE, BIN

(2) BEBEMHEORFE, MELEIBCHEBILF

(a) FCAW(2.1ku/mm) T COBBERT IR O,

' — (3) BESOWEAREEAMEOTHER.

BonlBREZIEDBELELUTOEBYTH 5,

(1) TMCP iZ & 3{& C-Cu-Ni-f& Nb-TiN R{ER

(b) SMAW(3.3kJ/mm) FfiX, YP 350 MPa f&$i & U T+ aEEHE

' T3 e, B AR Y vy VEBERBOK
HEBEBE C—1200CUT L HECRFLERY
w7z,

(2) LFEE#MICCu, NidwoFr /3%, 251 Ti-B
B %17 - 7- SMAW, FCAW, £E SAW, kUf
REFFE SAW RE#EE, wIhb+a%n
WML —600COY » VEBRPNZANF—T60]
UtoEn-BREERLUI

(3) LidHATK L IBFUHESRBRERTIE, MR

Fig.15 Cross section of weld after corrosion test. (2.0kJ/mm) & KAE (12.6k]/mm) THEE

(c) SAW(muItipa)(Skd/mm)

(d) SAW(one-side 2pass)(12.6kd/m-m)i m
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(4)

1

2)

3)

4)

5)

6)

VR I A O B KA (R A 350 MPa #REOBASE & HEAT D SERTE
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LizwFhofFs, #E, thiTEd, RUCA
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s coEEEEYc o BRAEEE TS 2
LR T E T,

FERFOBEROATE KRBT 3 REEE
RERTI3, BREBHRCLEERE Y, FCE
AODBRIFRERENESN, ELRERIEME
BhortbK&Ehot, BB, 7274 b+/3—
54 ME&OHESTIZ HAZ ORFRE G
3) I e, IhoDREFERLY, Wk
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BERE NIz,
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