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ABSTRACT: This study has been performed for mechanical properties of underwater wet welding electrode with rolled steel
(KR-RA) for ship structure, one kind (E 4313) of domestic covered arc welding electrode used in the air and two kinds (UWE-0I,
UWE-02) of underwater covered arc welding electrode experimentally developed on the same welding condition. The results
obtained were as follows : The hardness value of underwater covered arc welding electrode (UWE-01) was about 8.3 % lower than
domestic covered arc welding electrode(E 4313) in heat affected zone of test specimens. and that of UWE-02 was lower about
45%.  Tensile strengths of UWE-0l were about 0.9%, and those of UWE-02 were about 6.5% higher than those of domestic
covered arc welding electrodes(E 4313) in test specimens. The impact value of UWE-0l were about 15.5%, and those of UWE-02
were about 21.7% higher than those of domestic covered arc welding electrodes(E 4313) in test specimens. So mechanical properties
of the underwater arc welding electrode were improved by the composition ratios of covering materials.
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Table 1 Chemical composition of base metal

Chemical composition ( Wt %)

C Si Mn P S Al Cu Mo Ceq
013 025 057 0017 001 - - - 0.22
Table 2 Mechanical properties of base metal
Mechanical properties
Bend
Yield strength Tensile strength  Elongation test
Yp(MPa) Ts(MPa) E¢ (%)
3234 446.9 24 Good

Table 3 Chemical composition of core wires for covered

electrode
Classifi . Chemical composition(W,, %)
. ize  Mark
cation C Si Mn P S Cu
4X SWR
1 ¢ Y 0.05 0.018 054 0010 0.008 0.10
400 -11
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Table 4 Mixing ratio of flux materials

Ra Mark
v a UWE-01 UWE-02
materials
CAC 21 21
FMM 9 9
FLP 15 15
MIC 2 2
STH 6 6
RTS 35 15
IRP 7 5
SIC 5 5
TAL 1 1
DXT 1 1
ILT 0 23
TOTAL 102 103
Table 5 Typical underwater welding conditions
Welding Welding .
Current  Voltage Electrode =~ Welding
speed angle ..
(A) V) . source position
(em/m) (9
175 35 30 60 DCRP Flat
3. AE w
3.1 #&5 03 F =29 MH
4% 832l @ A1AH 4de nF] AF v &
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Photo 1 Bead appearance of wet welds specimen ©
Welding conditions: as in Table 5 Impact test o
specimen
Tension test ol
50 specimen DN
[Vl 3
20 Impact test 1y
210 specimen O
[A] 175
150 Tension test 2
specimen Multi—pass welding No.
Y
Cut off RV
50 125
35 60 -
M = Y 3
210
[A] 175 2
150 250

Fig. 2 Joint design and locations of test specimens from

50 underwater welded joints
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Fig. 1 Oscilograms of underwater wet welds ‘ L/\' .
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Fig. 4 Charpy impact test specimen of underwater welded joints
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Fig. 5 Hardness distribution of underwater wet welds
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Table 6 Result of Tensile test

Peak
Electrode Tensile i
Load(kN) Strength Elongation (%)
(N/mm’)
E 4313 5.38 512.25 8.01
UWE-01 5.73 545.57 7.84
UWE-02 5.43 516.75 8.94
70
60
X
50
a0 | i
30 Ik
- 5 ~e - UWE-01
20 .
’é . ~a - UWE-02
:; 10 :{... . s E£4313
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Displasement {mm)

Fig. 6 Relation of load and displacement for various weld tension
specimen
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Table 7 Results of Impact test of underwater welding

FAA7L oF 155%, UNVE-027} oF 21.7% A% EA Jebgith
= A 23% H7Vsla]
FF ol2 83E UWE-2A FHX 714 1A Yet

23 Rem, of Aol
lef tigt A% AFo] AT A Z

Al A

FE 8

Impact \éalue
- Jjem
Test specimen  cosf3 cos ¢ )
cosa Measured A
value verage
- -0.30 0.13 41.9
-0.29 0.13 42.37
E 4313 -0.24 0.19 53.92 45.71
-0.30 0.11 40.89
-0.30 0.14 41.45
-0.27 0.17 47.26
-0.24 0.17 5224
UWE-01 -0.20 022 62.43 52.79
-0.25 0.16 50.41
-0.24 021 53.61
-0.24 0.19 53.92
-0.24 0.19 53.92
UWE-(2 -0.20 022 62.43 55.62
-0.26 0.17 4824
-021 021 59.6
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Fig., 7 Comparison of Charpy impact value of underwater wet

welds
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