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Synopsis :

Three types of weldable seawater corrosion resistant steels, "MARIWEL", have been
developed: MARIWEL H50 is a 50kgf/mm2 class low alloy steel containing Cu, Ni and
Mo, and has a good corrosion resistance in splash zone; MARIWEL K is a 41 or
50kgf/mm2 class low alloy steel containing Cr and Mo, and has a good corrosion
resistance in submerged zone; and MARIWEL R is a 41 or 50kgf/mm2 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 and well as
excellent seawater-corrosion resistance. These steels show about twice corrosion

resistance compared with that of ordinary steels such as SM50B.
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Three types of weldable seawater corrosion resistant steels, “MARIWEL”, have
been developed: MARIWEL HS50 is a 50 kgfimm? class low alloy steel containing Cu,
Ni and Mo, and has a good corrosion resistance in splash zone; MARIWEL K is a 41
or 30 kgfimm? class low alloy steel containing Cr and Mo, and has a good corrosion
resistance in submerged zone; and MARIWEL R is a 41 or 50 kgfimm?® 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 corrosion resis-
tance compared with that of ordinary steels such as SM50B.

1 Introduction

With a rapid development of the world's oceans
including the exploitation of marine resources and
the utilization of undersea areas, steels with enhanced
corrosion resistance under marine environments have
been commercially produced for use in marine struc-
tures. These seawater corrosion resistant steels may
be used either for general or welded structures.
Kawasaki Steel Corporation has since 1967 been
manufacturing and marketing MARINER steel, a
seawater corrosion resistant steel for general struc-
tures under license from U.S. Steel. MARINER steel
is a low-alloy steel, containing P, Cu and Ni, and
has excellent corrosion resistance even under the most
corrosive splash zone in marine environments, and is
used for sheet piles, steel pipe piles and H piles.
However, because MARINER steel contains a large
quantity of P, it is inferior with respect to toughness
and weldability, and portions immersed in the sea do
not have such high corrosion resistance, leaving some
room for improvement.

After long-term seawater corrosion tests at Kawa-
saki Steel Corporation, the authors clarified the effects
of alloying elements on the corrosion resistance under
various marine environments including splash and

* Originally published in Kawasaki Steel Giho, 14 (1982) 4,
pp. 40-47
** Research Laboratories
*** Chiba Works
*¥%* Technical Division

submerged zones. On the basis of these results, a low
alloy steel having mechanical properties required for
marine structures was developed. This steel, called
MARIWEL, is a seawater corrosion resistant steel for
welded structures and has not only excellent corro-
sion resistance but also toughness and weldability
equivalent to ordinary steels of the 41 kgf/mm? or
50 kgf/mm? grade. The present report concerns the
specifications, mechanical properties, weldability and
corrosion resistance of MARIWEL.

2 Specifications and Mechanical Properties

The MARIWEL series includes the five steel types
shown in Table 1. Their specifications and character-
istics are given in Tables 1 and 2, respectively.
MARIWEL HS50 is a 50 kgf/mm? grade low alloy
steel containing Cu, Ni and Mo, having corrosion
resistance about twice as high as ordinary steel in the
splash zone and being suited for applications such as
caisson, buoy, dolphin or other marine facilities.

MARIWEL K41 and K350 are low alloy steels of
41 kgffmm? and 50 kgf/mm? grades, respectively, con-
taining Cr and Mo. Their corrosion resistance is
about twice that of ordinary steel in the submerged
zone, so they are especially suited for submerged struc-
tures. It is possible to improve the corrosion resistance
further by adding Ni, if necessary.

MARIWEL R41 and R50 are low alloy steels of
the 41 kgf/mm?* and 50 kgf/mm? grades, and contain
Cr, Cu and Ni. Their corrosion resistance is about
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Table 2 Grade and characteristics of MARIWEL

Suitable

Desi i -
signation enviranments

Characteristics

Main uses

MARIWEL H50 | Splash zone

submerged zone

Offers about twice the corrosion resistance of
ordinary steel in splash zone and about the same in

Caissons, buoys,
dolphins, etc,

MARIWEL K4l

Sub d e
MARIWEL K50 | -0 ergec zon

in splash zone

Offers about twice the corrosion resistance of
ordinary steel in submerged zone and about the same

Subsea structures,
piping systems, etc.

Foundation piles,

| . . . . )
MARIWEL R4l aSE dash zone Offers about twice the carrosion resistance of pipe piles,
MARIWEL R50 submerged zone ordinary steel in both splash and submerged zones ships, piers,
floats, etc.

twice that of ordinary steel in both splash and sub-
merged zones. They are suited for foundation piles,
ships and oil well drilling rigs. It is possible to im-
prove the corrosion resistance further by adding Mo.

The mechanical properties of any of these steel
types can be improved still further by adding Nb
and V.

3 Base Metal Characteristics and Weldability

The characteristics required for seawater corrosion
resistant steel for welded structures involve high
strength and toughness of base metal and weld, as
well as good weldability.

The results of testing specimens of MARIWEL for
these properties are given in Table 3.

Table 3 Chemical composition of tested steel plates

Designation Chemical composition (%)
C Si Mn P 5 Cu’ Ni Cr Mo Nb Ceo® | Pen™*
MARIWEL H50C | 0.08 0.61 122 1 0.018 | 0.002 | 0.45 0.21 - 0.10 | 0.027 | 0.34 0.19
MARIWEL K5bh0C | 008 | 050 Lo7 | 0.017 | 0.005 — - 1.08 | 0.21 { 0.020 | 055 | 022
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 (.52 1.24 0.018 | 0.004 | 0.32 0.18 1.03 — — 0.55 0.26
* Coy =C+Si/244+Mn/6+Ni/40-+Cr/5+Mo/4+V/14
»» Poy=C+85i/30+Mn/20+ Ni/60+Cr/20+Mo/15+Cu/20 +5B
Table 4 Mechanical properties
Tensile test (JIS No.1A) Charpy impact test(JIS No.4)
Desi . Thickness| . . . . Tensile . I%gnf{ teﬁ;
esignation (mm) | Direction |yield point strength Elongation| (E s vEo o7 (]180" ?.5[ )
(kgf/mm?) (egt/mme)| (%) (kgf-m) | (kgf-m) | (C) '
- L — — - 10.7 171 | —15 —
MARIWEL H50C 32 c 53 . 28 121 176 | 20 Good
L — — — 13.6 19.6 —30 —
MARIWEL. Ks0c % C 43.3 h8.0 25 12,5 15.6 —22 Good
. L — — — 36.4 35.9 — 74 -
MARIWEL Raiq o2 C 35.0 452 39 368 | 356 | —63 Good
L e — - 19.1 245 —25 -~
MARIWEL Ro0¢ = C 35.3 53.2 34 20.0 20.5 —18 Good
No. 7 March 1983 29



Table 5 Chemical composition of weld metals( %)

Designation Electrode C Si Mn P 5 Cu Ni Cr Mo
MARIWEL H50C K.SMfSOH 0.038 0.61 0.98 0.014 0.004 0.36 027 0.17
MARIWEL K50C| KSM-50K | 0.040 (.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 0.3 0.22 1.08 —

3.1 Characteristics of Base Metal

The mechanical properties of the base metal are
shown in Table 4. Both strength and toughness satisfy
the specifications adequately, giving the steel excellent
characteristics.

3.2 Weldability and Properties of Welded Joint

The coated electrodes shown in Table 5 have the
same chemical composition as that of the base metal
so as to bring the secawater corrosion resistance to
that of the base metal without deteriorating the usa-
bility of an electrode. Their mechanical strength is
adjusted by reducing the C conient,

The results of the y-groove cracking test for various
steel types are shown in Fig. 1. The welding was per-
formed at a 170 A current, a 24V voltage, and a
150 mm/min welding speed. The electrodes were used
after being dried at 350°C for an hour.

For MARIWEL R50C which had the highest crack
sensitivity, the crack suppressing temperature was
100°C, Despite the high Cr content, the weldability
was good because of reduced C content.

Then, the mechanical properties of welded joints
using three grades of MARIWEL were examined.
The welding heat input was 18 kJ/em in the flat posi-
tion.

The chemical composition of welded metal, the
mechanical properties of welded joint materials, the
hardness distribution at the welded joint and the
results of the Charpy test are shown in Tables 5 and
6, Figs. 2 and 3, respectively.

It is evident from these results that the welded joints
have excellent mechanical properties.
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Fig. 1 Results of y-groove cracking test

Table 6 Mechanical properties of welded joints (SMAW)

Tensile test (JIS Z 3121}

Side bend test

Designation Tensile strength (kgf/mm?) Fractured position (Jllgso"z, f 15%2)
MARIWEL H50C 59.5 Base metal Good
MARIWEL K50C 62.8 Base metal Good
MARIWEL R50C 57.2 Base metal Good
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Fig. 2 Distribution of Vicker’s hardness (10 kg load)

in welded joints

4 Seawater Corrosion Resistance

From the commercial steels of MARIWEL H350C
and R350C, long (8t X 50 X 5300 mm) and short
(8¢ x 200 x 300 mm) test-pieces were made and sub-
jected to a seawater corrosion test for 3-4 years at
Chiba, with SM50B and MARINER steel used as
the reference material. The surface of the test-piece
was finished by machine grinding.

The corrosion rate determined from the mean
decrease of thickness in the long test-pieces is shown
in Fig. 4. Evidently, the long test-piece extending from
the atmospheric zone to the underground zone indi-
cated a general tendency for the splash and sub-
merged zones to show greater corrosion rate and for
the atmospheric, tidal and underground zones to give
relatively smaller corrosion rates. MARIWEL H50C,
K50C and RS0OC gave corrosion rates about a half
of that of ordinary steel at the splash zone, the sub-
merged zone and both splash and submerged zones, re-
spectively, proving their excellent corrosion resistance,

As shown in Photo 1, the corroded surface of
MARIWEL R50C was fine-pitted in the splash zone,
while pitting became increasingly irregular in the tidal
and submerged zones, like the surface conditions of
ordinary steel.

No. 7 March 1983
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Fig. 3 Results of V-notch Charpy test of welded joints
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Fig. 4 Results of seawater exposure tests at Chiba for 3 years (Specimen: 8¢ x 50 x 5 500 mm)

Specimen
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Splash zone

‘Tidal zone

Submerged zone

SM50B

MARIWEL R50C

Photo 1 Appearance of corroded steel surface after 3 year exposure
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Fig. 5 Results of seawater exposure tests at Chiba (Specimen: 8¢ x 200 x 300 mm)

In the test with short test-pieces, as shown in Fig, §,
the corrosion advanced linearly in respect of time in
the splash zone for MARIWEL HSOC and in the
submerged zone for MARIWEL K50C. The corro-
sion of MARIWEL H30C and K350C in these test
environments was about a half of that of ordinary
steel. In the splash zone, the corrosion of MARIWEL
H50C was nearly equal to that of MARINER steel.

5 Conclusion

There types of MARIWEL seawater corrosion re-
sistant steel for welded structures were developed for
different applications. MARIWEL H350 is a low alloy
steel of the 50 kgf/mm? grade, having excellent cor-
rosion resistance in the splash zone. MARIWEL K41
and K50, of 41kgffmm? and 50 kgf/mm?* grades,
respectively, are highly corrosion-resistant in the sub-
merged zone, MARIWEL R41 and R350, of 41 kgf/
mm? and 50 kgf/mm?, respectively, are corrosion
resistant in both splash and submerged zones.

The characteristics of the 50 kgf/mm? grade process
materials of these steel types were tested. Conse-
quently, it was confirmed that the mechanical proper-
ties and weldability of base metal as well as the
properties of welded joints were satisfactory, and the
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corrosion resistance of these steels under various test
environments was about twice as good as that of the
ordinary steel.

Corrosion of steel structures in the marine environ-
ment is prevented by painting, organic lining, inor-
ganic lining and anticorrosive metal lining in spiash
and tidal zones, and by a cathodic protection or a
combination of cathodic protection and painting in
submerged and underground zones. The development
of new corrosion resistant coating materials and
coating systems has also been pursued. However,
there is not yet an available means for overall corro-
sion-prevention with good durability, workability,
repairability and economy, and different techniques
are currently used selectively for different corrosive
environments,

The MARIWEL seawater corrosion resistant steel
for welded structures developed by Kawasaki Steel
will extend service life and reduce weight, if used in
marine structures as a means of corrosion prevention.
According to another experiments, painting or catho-
dic protection of MARIWEL steels gave more favor-
able results than of ordinary steel. Tt is expected that
MARIWEL wiil play an important role in corrosion
prevention for marine structures.
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