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Synopsis :

Three Types of weldable seawater corrosion resistant steels,"MARIWEL", have been
developed: MARIWEL H50 is a 50kgf/mm**2 class low alloy steel containing Cu, Ni and
Mo, and has good corrosion resistance in splash zone; MARIWEL K is a 41 or
50kgf/mm**2 class low alloy steel containing Cr, and Mo, and has a good corrosion
reisistance is submerged zone; and MARIWEL R is a 41 or 50kgf/mm**2 class low alloy
steel containing Cr, Cu and Ni, which shows good corrosion resistance in both splash
and submerged zone. The test results for the commercially produced steel plates
indicate that these steels have good mechanical properties and weldabilities as well as
excellent seawater-corrosion resistance. These steels show about twice corronsion

resistance compared with that of ordinary steels such as SM50B.
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Synopsis:

Three types of weldable seawater corrosion resistant steels, "MARIWEL", have been developed: MARIWEL
HS0 is a 50 kgf/mm? class low alloy steel containing Cu, Ni and Mo, and has a good corrosion resistance in
splash zone; MARIWEL K is a 41 or 50 kgf/mm? class low alloy steel condaining Cr and Mo, and has a good cox-
rosion resistance in submerged zone: and MARIWEL R is a 41 or 50 kgf/mm? class low alloy steel containing Cr,
Cu and Ni, which shows good corrosion resistance in both splash and submerged zone. The test results for the
commercially produced steel plates indicate that these steels have good mechanical properties and weidabilities
as well as excellent seawater-corrosion resistance. These steels show about twice corrosion resistance compared

with that of ordinary steels such as SM50B.

T, EEENEHT ARG EMTH Y, X
1. FLsiC i, #85%0E, Hbi SRS T4, Ll
= 2 F— B PEERIIEAT AS
HiEEmO MRS D wigmala AR A F ol B, S s, il A D Mﬁ
RIS A, HERERGEM AN & LT, LLRFXEELT, WlROapEELTwz,

BBEC 5 IT AR A RN - S, T abb Db Tl BN P 2 BRI frE B R ER L,
B B A B L S AL T B, HEAREEIE, Foo KA, e 2o FEDHEFESIE I BT 2 nl A

PR &0, R B ACER R R RIS T A e K E R A L A, DO
WEAKERIZ O S AL, T, AR M L ST, REEMETR M & L Tkt
KERE LT, =N — - AF %, WAL R oW, TA b B BRI L
#U.S. Steel # X fEfiHE L, 3%, ML Ty TAlkgf /mm? & A (3 50k mm® FTy of 77 i A
L, ?lF— Z2F—niEP, Co, Ni2EHL, Sl I C oE e ol = R T B Ao D VB TWAE] CIRT IS
BB D - & DI EMOB L IR B o # "MARIWEL™ #B%L 7.

* TE TR SEAT I 2 SIS SR R SRR RIT AR L ek e LM IR Y 2 S ol A A
Loty - FopY wore PIETETS 2 RPN PR b T

e L)

ves  FEORNBETESIEY 2 OSSR S (R AR wvwnen LA TR AR £ T O SR 4
EEE TR B NE g e P Rl C U
[BAHF0574 7 H 1 HIERFZ A

-4 -



Vol. 14 No. 4

b B MARIWEL o i

445

2T MARIWEL o Uf%, BRI RT,
s Lo EiE s T 5,

2. ARBIURHHE

MARIWEL > 1) — {3 Table 1i2 753 5 #d#0
B hL o Twhd, TOMNE Table 1(2, i F
Table 2 {2777,

MARIWEL H50{%, Cu, Ni,
kgf/mm? SAL A8 T, IR
fP2Eanlige AL, v—v 2, T4, Fu7
4 B bt L S oBEizEl Ty

MARIWEL K41, K50(%, Cr, MoZ &L 72
41kgf/mm® % 35 & U°50kef/mm® # A5 A 4o 3l T, i
B 4T, ERioy 2 Y ooind Bk R AT L, i
S F o Rhsicm L Tv A, 0B
LT, Niovishmz £, 2 5000 G 410 k24
A ELIHRTH L,

MARIWEIL R41,

Mo % #5n L 7:50
2 BT m e

R501%, Cr, Cu, Ni# @

L 22 41kgf/mm? 3% &5 & 08 50kef/mm? $A%2 454 T,
RN B & O SNz B v TRBMOY 2 & it
ey L, LR, RGA0, F?}HW HIlY 7 o
Ml L Tv 3, £208205 0T, Mo
N X I i ) _I;‘E“d‘ LI X LART
b,

HHHEE L, Nh, VORI & Ly
MHAMLEE 22 L L THETH S,

HEMROY

3. BMREsIUEEH

R B R R S A AR S LT,

W HEAKE A AL T 2 2 X RIS, BB R &
LTHREILS 2, BM, Sy -

WRITTHSZ L, BHIEORO I L2350
%, Table 31257 L 7o MARIWEL #4412 2w
T, ZHHoME el L 24501, Ko s B
THhb,

Table 2 Grade and characteristics of MARIWEL

Suitahie

Designation .
environments

Characleristics

Main uses

MARIWEL H50

Splash zone

submerged zone

Offers about two times the corrosion resistance of
ordinary stecl in splash zone and about the same time in

Caissons, Buoys,
dolphins ete.

MARIWEL K41
MARIWEL K50

Submerged zone

time in splash zone

(Hfers about Lwe times the corrosion resistance of

ordinary steel in submerged zone and about the same

Subsea structures,

piping svstems etc.

Splash zone
MARIWEL R4l

MARIWEL R30

submerged zone

Offers about two times the corrosion resistance of

and ordinary steel in both splash and submerged zones

Foundation piles.
pipe piles,
ships, piers,

floats ete.

Table 3 Chemical composition of tested steel plates

Chemical composition (%)
Designation g
C 5i Mn r 5 Cu Ni Cr Mo Nb C..* Pew**
MARIWEL H50C 0.08 0.61 1.22 0.018 | 0.002 0.45 0.21 — 0.10 0.027 0.34 0.19
MARIWEL K50C 0.08 0.50 1.07 0.017 { 0.005 — — 1.08 0.21 0.020 0.55 0.22
MARIWEL R41C 0.05 0.52 0.75 0.014 | 0.003 0.32 0.17 1.03 - — 0.41 0.18
MARIWEL R50C 0.11 0.52 1.24 0.0i8 | 0.004 0.32 0.18 1.03 = — 0.55 0.26

oL, mCHSI244 Ma/64 N0+ Cr/54 Mosd s VA4
* % P( M=

= C+ 5i/30+ Mn/20+ Ni/60+ Cr/20 + Mo/15+ Cu/20+ 5B
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Table 4 Mechanical properties

Tensile test (JIS No.1A) Charpy impact test (JIS No.4) Bend test
. Thickness : . . (JI1S No. 1A)
Designation ) | DT vt poind | TENSe T pnation | cEw | By | T 50 Les
(kgf/mm?) | (kef/mu) (%) (kgf-m) [ (kefom) | (°C) "
L — — 10.7 17.1 —15 -
MARIWEL H50C 32
C 46.3 28 12.1 17.6 —20 Good
L — — 13.6 19.6 —30 —
MARIWEL K50C 32
C 43.3 58.0 25 12.5 15.9 —22 Good
L — - 36.4 35.9 —74 el
MARIWEL R41C 32
C 35.0 39 36.8 35.6 —63 Good
L - ~ 19.1 24,5 —25 —
MARIWEL R50C 32
C 35.3 34 20.9 20.5 —18 Good
Table 5 Chemical composition of weld metals (%)

Designation Electrode C Si Mn P S Cu Ni Cr 4 Mo
MARIWELH50C | KSM-501 0.038 0.61 0.98 0.014 0.004 0.356 0.27 — 0.17
MARIWELK50C | KSM-50K 0.040 0.58 0.88 0.014 0,005 — — 1.00 0.19
MARIWEL R50C | KSM-50R 0.041 0,55 0.87 0.015 0.004 0.31 0.22 1.08 —

Table 6 Mechanical properties of welded joints (SMAW)

Tensile test (JIS Z 3121) Side bend test
Designation (JIS Z 3122)
Tensile strength (kgf/mm?) Fractured position 180°, 1.5¢
MARIWEL H50C 59.5 Base metal Good
MARIWEL Ks0C 62.8 Base metal Good
MARIWEL R50C 57.2 Base metal Good
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Fig. 3 Results of V-notch charpy test of welded joints
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Specimen SM 50B

Envirenment
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Splash zone

Tidal zone

Submerged zone

Photo. 1 Appearance of corroded stee! surface after 3 vears exposure
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Fig. 4 Results of seawater exposure tests at Chiba for 2 years {Specimen : 850X 5 500mm}
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Fig. 5 Results of seawater exposure tests at Chiba (Specimen : 8X 200 % 300mm}
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