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INTRODUCTION rite and austenite deposited metal, made by the
underwater wet welding, under the conditions,
One of the reasons of coming out of order which simulate the service conditions in sea
of metal structures, operating in water envi- water.
ronment, including sea conditions, is the cor-

rosion. Thus, for example, the corrosion wear MATERIALS AND METHODS

of metal of the ship hull underwater part can OF INVESTIGATIONS

reach from 0.3 up to 0.5 mm/year. The corro-

sion of welds is the ever more critical situa- The procedure of preparation of specimens

tion. The rate of their fracture exceeds the rate for investigations was the same as in work [4]
of the base metal corrosion and in some casesand consisted in the following. Butt joints of
it may reach 1-3 mml/year [1, 2]. The great steel St3 were welded in air. The groove of 8
selective corrosion in the form of fissures mm depth was made along one of weld sides
along the welds (on both sides) was observed along the fusion line. The welding-up of
in heat-affected zone (HAZ) metal of slot, butt grooves was made under water by flux-cored
welds and welds for welding-on to the basic wires of ferrite and austenite type at the mode:
workpiece, i.e. up to 1 mm/year, in some cases lw = 180...20Q4, U.= 33...34 V.
a through corrosion fracture of the fusion line Characteristic of studied specimens of
(formation of blowholes) was observed [1]. In  welded joints with deposited layers is given in
the opinion of the work authors [2] the welds Table 1.
are subjected to fracture due to the occurrence
of thermal electromotive force between the Tablel
parts welded under conditions of high electric Characteristic of specimens of welded joints okpip
Conductivity of the sea water (Seebeck effect)_ steel St3 with ferrite and austenite depOSited meta
To repair the corroded welded joints of

metal structures, operated under the water, a No. of Type of deposited metal
wet underwater welding is used. At the Specimen torr 46 by g
E.O.Paton Electric Welding Institute the spe- 1 Svrirrgel’algng_ AeNzy wx-core
cialized flux-cored wires have been developed, ferrite, made by flux-cored
which are designed for welding low-carbon 2 wire PPS-AN2 + 2 % Cu

and low-alloyed steels, including those of a austenite, made by flux-cored
higher strength. In the latter case the electrode 3 wire with Ni sheath

materials of an austenite type are used to pro-
vide resistance against cold crack formation in  Corrosion tests of specimens of welded

the HAZ [3]. The work was aimed at study of joints for a general corrosion were carried out
corrosion resistance of welded joints with fer- in a running flow of 3% NaCl solution during
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250 h by using the method of profilometry in o thM

accordance with OST 5.9255, item 2.3 hey VI (1.1)
[5],corrosion resistance under conditions of BM

varying wetting was studied in 3% NaCl solu- he = Zh/v (1.2)
tion at temperature (20+2¥°during 250, 700, Ny '
1000 and 2000 h. Specimens were loaded by a Zh

four-point scheme up to &8 of base metal. he =&t (1.3)
After corrosion tests the region in the vicinity Np.

of deposited layer was examined by the optical WhereZhBM is the sum of depth of corrosion
microscopy method. Metallographic sections

were prepared by a standard procedure. fractures of base metal, m@h'v Is the sum

of depth of corrosion fractures of weld metal,

INVESTIGATION OF RESISTANCE OF mm; > hy is the sum of depth of corrosion

WELDED JOINT SPECIMENS OF STEEL
ST3 WITH FERRITE AND AUSTENITE

DEPOSITED LAYERS IN A RUNNING is the number_of points of measurements of
FLOW depth of corrosion fractures of base metd),

is the number of points of measurements of
The depth of corrosion fractures of speci- corrosion fractures of weld metaN,, is the
mens after tests was determined with respect number of points of measurements of depth pf
to as-ground surface near edges on the speci-corrosion fractures of deposited layer metal.
men face side, which was isolated before tests In accordance with OST 5.9255, item 2.3
by a protective coating. [5], when determining the depth of corrosion
Investigations were continued 250 h (104 fracture by the number of points of measure-
days). After finishing, the specimens were ments, it is recommended to calculate the max-
taken out from the solution, corrosion products jmum values of depth and number of pits per
were removed and the depth of corrosion dam- gne cm? in different zones of welded joint
ages in width and length of a specimen was specimens together with a mean depth. As it is
measured. Appearance of specimens beforeseen from Fig.1a, the corrosion in zones was
and after tests is given in Fig. 1. spread rather uniformly and to make these
calculations was not rational, therefore, the
corrosion resistance of specimens was evaluat-

fractures of deposited layer metal, miNg,,

l‘ ¢ ed by the characteristics:
: - mean depth of corrosion fractures of base
a metal (hg,), weld metal f )and deposited
Lo ", layer metal f) ), mm;
& - 7 - rate of corrosion of base metaRy, ),
b weld metal ®,) and deposited layer metal

Fig. 1. Appearance of specimens with ferriig ( (P, ), mm/rox;
and austenite (b) deposited layer after tests in a - ratio of rate of corrosion deposited layer
running flow during 250 h metal to rate of corrosion of base metal

To make quantitative assessment and analy- (i);
sis of corrosion features of specimens with aw
different type of deposited metal, a mean depth - ratio of rate of corrosion of weld metal to
of corrosion damages of different zones was
determined with account for of a total number
points of measurements by formulae:

rate of corrosion of base metaﬁ(’—).
BM

Rate pf corrosion of base metal, weld metal
and deposited layer metal was calculated by
formulae:
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o 365
PBM = hBM T , (1-4)
o 365
Ry =hw ==, (1.5)
o 365
PDL = hDL_’ (1-6)

whereT is the duration of tests in running
solution, days; 365 is the number of days in
year.

the larger difference of potentials between BM
and DL and W and DL, the higher is the rate
of corrosion of WJ zone.

The conclusion can be made on the basis of
the obtained results that in the running flow of
sea water the different zones of welded joint
with studied ferrite and austenite DL have the
following corrosion resistance:

- BM - group 1V, “comparatively resistant”
(point 7 by GOST 13819, Table 3)

- W - group V, “low-resistant” (point 8 by

From the results of measurements of depth GosT 13819, Table 3)

of corrosion fractures the profilograms were
plotted, which are given in Fig. 2, for more

visual representation of corrosion nature along
the zones of welded joint with a repair weld.
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- ferrite DL, made by wire PP&N-2 + 2%

Cu - group V, “low-resistant” (point 8 by
GOST 13819, Table 3)

- austenite DL, made by wire of Ni strip -
group |, “absolutely resistant” (point 1 by
GOST 13819, Table 3).

On the basis of analysis of the obtained ex-
perimental results it can be stated that W and
ferrite DL, deposited by wire PPSN-2 + 2%

Cu will be mainly subjected to fracture in the
running flow of sea water

Table?2
Results of assessment of corrosion resistance of
welded joint different zones

Fig. 2. Profilogram of surface after specimens
testing in running flow during 250 h
1 — ferrite DL, made by wire PPAN-2 + 2 % Cu;
2 — austenite DL, made by wire of Ni strip

Results of assessment of corrosion re-

sistance of test specimens are given in Table 2.

It follows from the analysis of obtained results
that for a specimen with ferrite repair weld the
rate of corrosion in the region of W and DL

was almost twice higher than that of BM (Ta-
ble 2, line 1). On the specimen with austenite
DL the rate of corrosion of DL is equal to ze-
ro, and the highest corrosion fracture was

shown in W, as the corrosion rate in this zone
is more than three times higher than that of
BM (Table 2, line 2). Table 3 presents for ref-

erence the ten-point scale of corrosion re-
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sistance of metals, according to which the cor-

rosion resistance of specimen different zones

was evaluated.
Results of corrosion investigations have a
good correlation with data of potentiometry:
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As the corrosion resistance of different
zones of WJ with DL was greatly differed, and
in the conditions of WJ loading their further
local fracture can occur, the stability of WJ
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under conditions of effect of tensile stresses
was investigated.

After investigations in the running flow the
WJ specimens were subjected to bending with
a deposited layer outside up to the formation
of the first crack or at 180° angle in cases

when the crack was not formed, and then the

metallographic examinations were carried out.

Table3
Ten-point scale of corrosion resistance of metals

Group of re- | Rate of metal corrosion, Scale
sistance mm/year point
1 A.bSOIUter less than 0,001 1
resistant
2 Rather re- from 0.001 up to 0.005 2
sistant from 0.005 up to 0.01 3
. from 0.01 up to 0.05 4
3 Resistant from 0.05 up t0 0.1 5
. from 0.1 up to 0.5 6
4 Less resistant from 0.5 up to 1.0 7
: from 1.0 up to 5.0 8
S Low-resistant ¢ /15 0 up to 10.0 9
6 Not-resistant more then 10.0 10

The metallographic sections were prepared
by the standard procedure, applying diamond

pastes of different dispersity. To reveal the

microstructure the specimens were etched in

NITAL (solution of 4% nitric acid in ethyl

alcohol). Metallographic examinations were
carried out in microscope NEOPHOT 21 at
magnifications x80, x100, x125, x200. Digital
image of microstructure of specimens was

b
Fig. 3. Appearance of a fragment of a central part
of WJ specimens of steel St3 with a ferrite DL and
microstructure of near-surface layers, made by
wire PPSAN-2 (a) and austenite DL, made by wire
of Ni strip (b), after study of resistance against
corrosion cracking in a running flow during 250 h
and bending up to initiation of the first crack,0x8

INVESTIGATION OF RESISTANCE OF
WELDED JOINT SPECIMENS OF STEEL
ST3 WITH FERRITE AND AUSTENITE
DEPOSITED LAYERS IN THE CONDI-

TIONS OF VARYING WETTING

Tests of resistance of specimens of base
metal and welded joints under the conditions
of the varying wetting were performed in 3%
NaCl solution at temperature T = 2% and
level of load 0.8y of base metal during 250,

obtained by means of photo camera Olympus 700, 1000 and 2000 h.

C 5050.

After 250 h of tests in a running flow the

Figure 3 presents appearance of a fragment metallographic examinations were carried out.
of a central part of WJ specimens of steel St3 An analysis of experimental data has shown

with a ferrite deposited layer, made by wire
PPSAN-2 (Fig. 3,a) and austenite DL, made
by wire of Ni strip (Fig. 3, b), and microstruc-
ture of near-surface layers of DL.

As is seen from the analysis of experi-
mental data, after investigations in the condi-
tions of varying wetting, the cracks were not
observed along the fusion line of DL/W in
none of specimens of WJ with DL, which

that destruction occurs the BM fracture was
occurring uniformly in all the WJ, mainly in
W. On DL, made by wires PP&N-2 and PPS
AN-2 + 1% Cu, the deep corrosion pits are
seen. Corrosion of DL, made by wire PRS-

2 + 2% Cu, is more uniform than in two previ-
ous cases. DL, made by wire of NI strip, re-
mained without changes. Local corrosion
damages in the form of cracks were not

proves their resistance under the conditions of observed in none of WJ.

effect of tensile stresses.

44

Due to different corrosion resistance of
zones of WJ with DL their cracking could be
occurred in the conditions of WJ loading,
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therefore after the action of the varying wet- AN-2 + 2% Cu will be predominantly de-
ting during different period of time the effect stroyed by ulceration.

of compressive and tensile stresses were stud-
ied. For this purpose, after tests for varying pm
wetting the specimens were subjected to bend-
ing up to initiation of the first crack or at 180°
angle, if the cracks were not observed, and
then the metallographic examinations were
carried out,

For specimens with DL after holding at
varying wetting during 700 h the resistance to
the effect of compressive stresses was investi-
gated, and for the longer time, i.e. 1000 and
2000 h, the effect of tensile stresses was inves
tigated.

It should be noted that after bending the
specimens, which were tested during 700,
1000 and 2000 h the depth of corrosion pits
was visually smaller, than on flat specimens,
that can be predetermined by the tension of
surface layer of metal, which was subjected to
the effect of tensile stresses. The same as in
the previous case, the more intensive fracture

occurred in W than in DL (Fig. 4). This was
more pronounced on WJ and DL, made by
wire from Ni strip, on the photo of which it is

Fig. 4. Appearance of WJ specimen of steel St3
with DL and microstructure of near-surface layers,

seen that the austenite layer remained without \,qe py wire PP&N-2 (2), PPSAN-2 + 2% Cu
changes (Fig. 4, c) during corrosion tests in the  (p) and wire of Ni strip (c) after investigation of

conditions of varying wetting. The local corro-
sion damages in the form of cracks were not
revealed in none of WJ.

CONCLUSIONS

In a moving stream of seawater after 250
hours, various WJ zones with the studied fer-
ritic and austenitic DL have the following cor-
rosion resistance:

- base metal - group 1V, “relatively stable”,
ball 7 according to GOST 13819;

- weld - group V, “low stability”, ball 8 ac-
cording to GOST 13819;

- ferritic DL made with PPS AN-2 + 2% Cu
wire - group V, “low stability”, ball 8 accord-
ing to GOST 13819;

- austenitic DL, made with Ni tape - group
I, “absolutely stable”, score 1 according to
GOST 13819.

On the basis of the obtained results, it was
established that in a moving stream of sea-
water, a weld and a ferritic DL made of PPS

Transfer of Innovative Technologies
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resistance against corrosion cracking in the condi-
tions of varying wetting during 2000 h and bend-
ing, x 100

Under conditions of alternating wetting
with a solution of 3% NaCl for 2000 hours, the
destruction of welded joints of St3 steel with
ferritic and austenitic weld layers developed
more intensively along the welds compared
with the weld layers and the base metal.
Metallographic studies confirmed the absence
of local corrosion damage in the form of
cracks along the fusion line of the weld with
the weld layer on all the welded joints studied.

Keywords. underwater welding, welded
joints, sea water, corrosion.
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