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Weldability and Weld Strength of Underwater Welds
of Domestic Structural Steel Plates

Sae Kyoo Oh and Ki Woo Nam

Abstract

Underwater welding by a gravity arc welding process was investigated by using six types of
coated electrodes and SM41A steel plates of 10 mm thickness as base metal and it was ascer-
tained that this process may be put to practical use.

Main results obtained are summarized as follows:

1. Angle of electrode affects no influence on bead appearance and the proper range of welding
current and diameter of electrode for the high titanium oxide type is relatively wider than
that for the ilmenite type. And the lime titania type, high titanium oxide type and ilmenite
type of domestic coated arc welding electrodes of ¢4 mm could attain the soundest under-
water welded joints which contain no welding imperfection.

2. According to macro-structure, micro-structure and hardness distribution inspectionson under-
water welded joint, the area between the HAZ and the surface of the weld in neighbour-
hood of the bond has the maximum hardness value. The structure of these parts is
martensite and bainite. Other parts contain micro-ferrite, micro-pearlite structure, which
eontain soundness of welded joint free from weld imperfection.

3. On consideration of both tensile strength of more than 100 % joint efficiency and sufficient
impact value, the welding condition which can get optimal welding strength is heat input of
1, 400~1, 500 J/mm, current of 200~215 ampere (voltage of 32~.33 volts) in the case of lime
titania type electrode.

4. Underwater welding strength (tensile strength, impact strength) depends on heat input (or
current) quantitatively and they have the relationship of parabolic function. Each experi-
mental equation has a high reliability and its percent of mean error is 4.14 %.

5. It is suggested that the optimal design of weld strength by welding condition (current, heat

input) could be utilized for a quality control of underwater welding.
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Table 1 Mechanical properties and chemical com-
position of base metal (SM41A)

Yield | Tensile | Elong- | Charpy
Mechanical| strength | strength | ation {impact value

(kg/mm?)(kg/mm?)| (%) |(kgm/cm?)
properties

19.57 | 30.5 33 | 17.6
Chemical C l Si } Mn ’ P l S
compositions
(Wt %) 0.17{0.04] 0.83{ 0.016[ 0.02
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Fig. 1 Shape of groove and welding sequence (mm)

fe] [ e A
Fig. 2 Impact test specimen (mm)

Fig. 3 Tension test specimen (mm)
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Fig. 4 Schematic block diagram of experimental
underwater welding apparatus (gravity type)
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Table 2 Range of underwater welding conditions in case of lime titania type electrode

Welding Electrode iBead length/| Welding
Electrode Rgglt mg)ap No. of pass| current Arc (V\?I)tage angle Electrode speed
(A) () length (cm/min)
140 24
E4303 160 28
15 6 180 30 60 1 28
(¢4 mm) 200 32
220 33
Fig. 6 & ¢4 mm 9] adnlolBR KRS AEE
3. R U BE 60°2 st i 90 A, 160 A, 210A = 84k AL
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(b) Electrode angle : 60

(¢} Rlectrode angle : 80

Fig. 5 Effect of electrode angle on bead appearance
of underwater welds of SM41A as ilmenite
type electrode (¢4 mm) is used .
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Fig. 6 Effect of welding current on bead appearance
of underwater welds of SM41A as ilmenite
type electrode (¢4 mm) is used
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Fig. 7 Effect of diameter of electrode on bead
appearance of underwater welds of SM41A
as ilmenite type electrode is used
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Fig. 8 Effects of arc current and diameter of ele-
ctrode on appearance of welds of SM41A
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(4) High titanium oxide
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Fig. 9 Bead appearance and X-ray inspection result

of underwater welds of SM41A according to
each electrode of ¢4 mm for (a)~(e) and
¢5 mm for (f)
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Fig. 12 Macro-structure of underwater welds of
SM41A as lime titania type electrode is

used
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Fig. 13 Micro-structure of base metal and under-
water welds of SM41A as lime titania type

electrode is used
Welding current: 200 A

Other welding conditions: as in Table 2
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