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Introduction

Underwater wet welding has been employed for many years now, with
varying degrees of success; from excellent to very poor, since the early 1900. The
success of underwater wet welding has in part been due to a number of interacting
factors. Perhaps first and foremost are improvements in training, together with
improvements in electrode development, better understood welding techniques as
well as improved steel manufacturing, which provides for steels having improved
properties and lower carbon equivalent values. However, most class societies still
regard wet welding as a ‘temporary’ repair methodology.

Previous studies [1-6] have shown that underwater wet welding can, with
correct  training  and  appropriate  skill,  produce  AWS  D3.6M  class  ‘B’  quality  wet
welds,  but  until  now  no  published  reports  have  shown  that  class  ‘A’  weld  quality
has been achieved for welding in the wet.

The purpose of this investigation was to identify if underwater wet-welding
could now be performed, using the electrode Barracuda Gold, to deliver weld metal
quality in accordance with AWS D3.6M: 2010 Class  ‘A’, therefore moving this
process out of temporary to permanent repair methodologies.

Under  the  AWS  D3.6M  underwater  welding  specification  Class  ‘A’  welds  are  intended  to  be
suitable for applications and design stresses that are comparable to their conventional
surface welding counterparts, by virtue of specifying comparable properties and testing
requirements.

For the purposes of these trails, welding was conducted at -3M water depth
in a freshwater training tank. Water temperature was 7C⁰ and visibility was good.
All welding was performed by Mr. George Maroudas of Marex.

Barracuda Gold is an underwater C/Mn welding electrode, with added
nickel, manufactured by Speciality Welds Ltd. Although no standard/specification
exists for any underwater welding electrode, the nearest equivalent may be taken
from BSEN ISO 2560: 2009 for covered welding electrodes. The nearest code being
E4221NiRR (AWS A5.1, E7014); the specification of which is detailed on table 1

Chemistry:
Element C Mn Si Ni P S
Min 0.06 0.45 0.40 0.25
Max 0.09 0.60 0.50 0.35 0.025 0.020

Table 1
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Brief History (personal)

During my career, especially in the  regions around Greece  and the
waters  of  the  Balkans and No rth  Afr ica , I have met many Engineers
looking for permanent underwater welding repairs for steel structures. All of
them, without exception, had little confidence in underwater wet welding
qualities.

As an experienced Welder-diver with many years exposure to wet welding,
I was determined to provide evidence that wet welding can provide for high
quality permanent repairs. However, it was very clear from the s t a r t that if
I wanted to achieve this result, then it was essential that a quality wet
welding electrode was used. Therefore, I undertook a number of early
performance trails to select the best commercially available wet welding
electrode. Following these trails, my final decision was for Barracuda Gold.

As a former student of the Weldcraft-Pro™ underwater welding course
and having had the opportunity to meet David Keats (author), his enthusiasm,
knowledge and professional commitment to strive and always do better, inspired
me to the same ends. I therefore, undertook these trails to demonstrate that not
only can high quality wet welding be achieved underwater, but also to show the
quality of the Barracuda Gold welding electrode to produce high quality weld
metal that meets permanent repair quality.

With a determination to succeed, I hope this report  demonstrates
the achievable  quality possible from wet welding and that such achievements
prove of value to industry.

P.S.: Dedicated to my family..
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Comments

From the evidence supported in this report, utilising careful control for
welding operations and attention to detail, the evidence from the NDT and
destructive examination and testing has shown that class A wet welds has been
achieved.

During these trails the only piece of equipment that was used, which may
have differed from other trails, was the way in which each weld pass was cleaned
during welding. This was carried out using a cleaning system which operates with
the principles of cavitation.
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Fig 1:Test piece prepared prior to welding, general view.

Fig 2:Test sample before welding, showing prep detail.
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Fig 3: Test Piece as welded, looking side “A” to “B”.

Fig 4: Test Piece as welded, looking longitudinally.
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Fig 5: Mr. George FYRIGOS & Ilias POULEAS of G.A.T.S. Ltd (General Applications
Technology & Science – Testing Laboratories) during specimen’s examination.

Fig 6: The cleaning system we used during the trial, called “Cavitcleaner”.
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Fig 7: G.A.T.S. Ltd Laboratories. Tensile Machine, model DMG-T4284.

Fig 8: G.A.T.S. Ltd Laboratories. Operator fills in data before starts tensile.



R e s e a r c h & D e v e l o p m e n t

Fig 9: General plan of specimen after destructive test. Evident the difference between used
one and unused.

Fig 10: Specimen Close Up.
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Fig 11: Close up of left specimen’s side.

Fig 12: Close up of right specimen’s side.
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