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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 -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 7C° 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 North Africa, [ 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 start 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..

Geovge A. Mavoudas
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engineering) with a view to improving the quality of the work. For the service of its
clients, GATS Ltd. runs two laboratories, one in Athens and the other in
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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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Speciality Weid;

MAREX

Weldcrafi Pro

W"'”"“quw OVERSEAS CONTRACTORS
preliminary WELDING PROCEDURE SPECIFICATION (pWPS)
Date: Tuesday, Dec18, 2012
Welding Speciﬁcation:? AWS D3.6M-2010-CLASSA |V
Manufacturer/Client: Marex U.C.
pWPS: #8
Welder's Name: Maroudas, George

Welding Process:
Plate or Pipe:
Material Thickness:
Parent Metal Group:
Type of Joint:
Method of Preparation:
Test Dimensions:
Welding Position:
Filler Material:
Electrode Type:
Waterproof Coating:
Storage of Electrodes:
Method of Trans/tation:
Total Immersion Time: |
Cleaning Method:

Joint Fit-up Tolerance:

Weld Test Details

MMA/SMAW (111)
Plate

omm A Y

$355J2+N

Groove Weld with Backing
Point Welded
A00X320X20

16 B

v,

‘Barracuda Gold, 3.2mm
E 422 (AWS 7014)
Special Formula Acrylic Lac
Use directly from box

Wet Quiv_fer R

CavitCleaner

10mm

60 min. max. J LB

1-8
9-45
46-54

Ampers
irodsoa | v | 208w |v
Ul il |' et | v

ROL (mm/min)

20230K) | v
: _210220KJ IV
220230k | v

pomry DCSPO)_ |
Techniques Used:  Drag & Step Back i I"
Visivity & Depth | Good @ testdepth 3m) | v |
Water Type & State: ST
Machine Model: Telwin Inverter
Author of pWPS Witnessing Body
George Majoudas 1.5.)

EORGE A/WMAROUD

llias Pouleas (G.A

Date of Exam:
Aharnai
GATS. Lab

Location:

Test House:

Type of Test

Visual:
Radiography:
MPI:
Macro:
Fracture:
Bend:

Tensile:

18 December 2012

Results

PASS

PASS

N/A

N/A

N/A

N/A

PASS

44 ]Jaja]aa]«
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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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Testing Laboratories
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RADIOGRAPHIC TEST REPORT- RT
G3I/NDTR1 (10/08/2008})
AI12/080 3 5 ? .
Report N°: RT: 006 Page N°: 11 Sample Received Date (if applicable): 10.12.12 | Contract N° —u=
Client - Address: MAREX U.C Test Location: GATS. LAB. ATH
Contractor: MAREX U.C Project: .
Item: PLATE Material: S355J2+N
Test According To: ~ AWS D3.6M :2010 CLAUSE 6 PART Ill | Accep. Standard According To: ~ AWS D3-6W 2010 CLAUSE 7
Rad. source: Ir.192 Activity (Ci): 14,51 Source size (mm): 2.0x1.4 | Heat Treat: ---
Film: KODAK (D4) | Density: 2-4 Screens (mm): 0,027 F.F.D. (mm): 500
Automatic Time: 5 Standard: ASME Exp. Techn.
Development " 1LQ.L SWSI/DWSI/DWDI
Manual Temperature : 200C Location: FSorsSs |=—7= -
X-ray: KV: mA: Time:
Sk _E: iE = Conclusion
Diam. ltem N° Zone S| 2 o | Faults Remarks
=i B= = NA
- PLATE wWo1 A-B |01 6,0 - TEST
SPECIMEN
BEFORE M
WELDING |
INSPECTION OF | o
BACKING STRIP | &
¥
2
8
[
<
Ma
Q|
£
8
£
§
Aa: Gas Pores C: Incomplete Fusion Eb: g&:;ls(:erse EF: Film Defect
Ab:  Worm Holes D: Incomplete Penetration F: Undercut Rx: Reshoot
) ; . . . Linear -
Ba: Slag Inclusions Tr: Excess Penetration Kv: Misalignment A Accepted
Bb: Slag Lines Ea: Longitudinal Cracks Ru:  Root Concavity N.A.: Not Accepted
Ti: __ Tungsten Inclusions gl
Report Approved By: Issue Date: Report Made By: " est Made By:
LEVEL '\ \AYS: / o/ RT-PT-UTMT-VT
RT-PT-UT-MT- ~IDatg. 11.12.2012
1% ?‘4""4

The above results are only valid for the tested samples/items

Partial reproduction of the report is not permitted without the permission of Gats Ltd.




D aﬁ ed UNDERWATER WET-WELDING RECORD SHEET
TESTHING PARRACUDA ELRCTRODE 6old 3.2mm

13.12.2010 PROJECT NAME/CODE: UVDER AWS.D3.6M ‘29'0 CLASS 4 o F WELDS,
MATERIAL m5.§§35 1240 ;‘: Earth a 8 58 £ ROL ARC
. M @ || Technique ocaa 1 E’ e ® g mm/sec
oo R0y WELD Wit R | [ it d0|| 58] = | S
el R DA Clc) {]DpAc Jaway J[165][ B0 ][440 |[430] LAF
ELECTRDDESIZE!TYPEAMMC‘UD‘A E-OLB iﬁmm g e | | RS TR lﬁgf 301 104 [*—U““- ‘ 1,20
WELDING DIRECTION: LZ?U\.’S EPS’CZ(M 3-5’—(0 CULQS/} i| _.u—-—] —u— 165 ” 30 || {12 1L—-ﬁr- ] | 1’,;29
WELDING SPECMCAHON{SOMM 4] ’ —f || —u— I 165 [ 30 ([113 ]L-—w—- | 1, 30
CABLE SIZE / LOCATION:
CLEANING Mfemoo. CAVITCLEANER, EH"““"_" —— |[465 || 30 [[ {13 [[-v— 4, 50
whrmiessmv: M2 IHAS POULFAS @"‘"u__ﬂ =4 S0 4”,“'—'-“_ 4228
i et D A —w—|[-—4—1[65 ] 30 [ {4 ][ —o— 4 Sl
S ﬂé{‘;—;ﬁoﬁ@% gﬁeoums % —u—o || —w—[ 165 || 50 | {09][——][ I {o5
COMPANY:; Ol BAX| —— | {#71 || %0 l (21| —— L9
OPERATOR'S Nﬁﬁgﬂ;ﬂ/ﬁ(ﬁ({)usig NETAPioS Er—"'—“' —w—1#1 || 30 |[ {19 |[=— L4%
com xLC —— [ —— {30 [#5 =] 4,42
WELD DRAWING DETALLS: ——| —— 132 || 30 | {22 || ——] 1,51
7 E 13} —»— || —+—][1¥% || 30 ][40 J[—»— LLUT
filliE===meann== __
: GEORGE A. MARRY
& 1'5_ 70 7/ <355 J_Q'M) ! First Welding Seam end on No: Welder's Signature: / e
=) ) Second Welding Seam end on NO: =-+--e-mrmmmsmmnsz= Operator’s Signature:| i ’ ﬁq!;.‘i...!;.
K Wi ;’ / ?,’ Third Welding Seam end on No: e Class Stamp & Signature: :




‘Poxat ‘32 UNDERWATER WET-WELDING RECORD SHEET
TESTONG PARRACUDA ELRCTRODE 6ol 3.2mm

. ws.D3.6M-201 Te ;
L 13.12.2012 PROJECT NAME/CODE: UNVDCE. A 010 AL 4 o F WRLDS
MATERIAL TYPE: S 335 1‘Q+AJ ; 0 5 B Rbl. ARC
miicness: —L0M0 ' @ || Technique Lffa’tti';n g 'E EEJJ E€|| (mmysec) || ENERGY
sonn rvee; GEOOYE WELD Wit RAwe | ||* ] S| =S (K3/mm)
wesotns rostron:—— LEAC_PA CLG) BStepa[AwAY J13E ][0 419 [420 L4t
ELECTRDDESIZE!TYPE:MQQ&CUDA GOLD ﬁ‘gm’m E s=immns ] el | 111 ! S0 129 “—-14—- “ o) S|
WELDING DIRECTION: AL;?U\.,S g%%uugjbgfgw 4 E —U— || =— |43 [ 30 |[14 [ ——] | 44|
i | [ ——=—]d%x [0 | [ 1,44
D O | ———uzx oo e > 151
e MB._HAS DOULFAS ol —+— | —»—][{7=][30 |[{6 J[==] IS
s EA TS, LD [ —— [ —— {3 |30 (A2 [ (5l
vases e ﬁfg%f/ Aéﬁrfzoubﬂrs —— || ——[{7% [ 30 [[24 [~ 1,53
COMPANY: X V.. —b— j|—4— [{TF |30 | {IF || ]‘{;5?‘
opemrmsnmeﬁvggouglg NG<APIoS ﬂ —v— || ——[13F [ m0 |22 ][~ 151
conm.—MAEEX. DL B ——1[ ——[I3% [0 _][{19 [[=—]| H4YE
WELD DRAWING DETAILS: :?_E][-*\\—" [—— [1TE |[30 Q0= (449
oA —»—]—+—1[17% [[30_][«26 |[-*] 156
= ==t (e oo AN [ <0 TR %
LR | i
<, 355. J 2_},4) First Welding Seam end on No: Welder’s Signature: P oy e EL SR
o t 1% ) Second Welding Seam end on No: ----- S Operator’s Signature: i
/; & waf{ STRTP 6/1 Third Welding Seam end on No: — Class Stamp & Signature: =
N -’, &) e




po?e &
UNDERWATER WET-WELDING RECORD SHEET & D 3.0
TESTING PARRACUDA ELRCTRODE 6ol 2mm
PROJECT NAME/CODE: UVDER AWS.D26M-2010 ciALS 4 o F WELDE.

s I (9 9ol

MATERIAL TYPE: S335 1 2 +AJ ; 0 5 = bL
THICKNESS: 20me : @ || Technique Lf;rﬁgn g § E % (mt};fsec) EB?EI:{CGY
JOINT TYPE:-G—’gQ‘DQ 2 VUEI:DWWH_B@W & _f__ i 7 (9/min)
st Gt S ELNE 04 C16) P)STER b [AvA Y | AL | S0 JRLI[A30 749
ELECTRUDESIZE!TYPE’;J(B’?Q%CUDA Cé'@l.ﬁ HB_'LQMM i W || —— |{FF || 30 “ g || —w— A4 6
WELDING DIRECTION; Z?U\.,S EPSICZQMH,;(::%E-CZAS% éL - ” —f— ,w_;{_ 30 /(42 ,_‘g,__| LSl
e S | EE— I e oo [ = L4
e ] A 0 [ e
wimessn: MB: HAS DOULEAS B — [ — J[i3F [ 30 {22 |[-— (451
o BAS TIND B —— ] —— U [ 30 [HE [ 444
WELDERS NAME: GEORGE MAROUDAS @ —— || —— “'H';{‘ J 30 || 116 ..-J.I-—“ - | 143
compy;MAREX V. C. : 379 —— || —*— 1z || 30 ][{22 l[—— 1,51
cremsrons e, JAMVAKOUSIS NETAPIOS. | 1B S (193 |[ 30 | 403] 1452
coma..— MACEX. U.C. Bol— [=— 4% |30 [126]=—] 3,5%
WELD DRAWING DETAILS: qoi| —— || —— _1_'{:” 30 H:{. |.._u.—- qu
. Yil[—v— [ ][{% [ =0 {5 [~ RE
RA=— W— ffF (30 U2 1149

p ] .
HS lVER 384%%5)/2?5

First Welding Seam end on No: Welder's Signature: £k REH
; Second Welding Seam end on NO: =--=———mmeememmees Operator's Signature: L 'l T ohindres fonrmairons
[@ACK;NE STRIP / Third Welding Seam end on No: Class Stamp & Signature: -'-‘-/_ ;
v H4O Vd ST / N
> 7 STt
- » g g
f=<f" & .1

|
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UNDERWATER WET-WELDING RECORD SHEET £ 5 3.0
TESTONG RPARRACUDA ELECTRPODE &old 3.2mm
PROJECT NAME/CODE: UVDER AWS.D3.6MN-2010 c1ALS A o F WRLDS.,

cr 18 10 Ogl)

. $335)24N f -
MATERIAL TYPE: o @0 & 5
THICKNESS: :QOmm E Technique Lf;':f;n ::E:' § g E’ (mﬁ‘%ec} EI&%&%Y
ot e GRSV WELD With Rk | |2 Al (i)
weloi sosrone — FRAC DA CIS) W3EEPBA AWAY JATE ][ 301423 1[430 152
ELEURDDESIZE[WPE:B'?QMCUDA G@M_,E.Qmm Iﬂ—ﬂ — U || W I 3¢ || 30 ” 119 L"‘“"_‘ , {lq:f
WELDING DIRECTION: Av;lﬁ} \; Epa’%uu?g’ DBIE-CMSQ 4 @ —b— | _w— |[13Z | =0 | S || ——| I ’(J 42
weamasmonanos AUS- DI 1L | == =T 50 @ 45
g i e T i == u [ so ] E
wnmessang: AB: LHAS POULEAS [B8[DRAC || —w— 11651 S0 [[416 =] 4,34
e BA LS D 49 —%— || —»—][165] 30412 [|—— 129
weroers naves SEOREE. MAROUDAS 50l —w— [ —+—1[165] =0 [[109 Ja— L 125
conpmny BEEX Ul . i —— || M—]465 ][ 30 ][4 1Y ||—— 1,31
OPERATOR'S NAME’:Q‘E:A;'EVA KOYSIS NMMOS 5__2 — | —— || 165 || 50 109 ||—¥— {;25
COMPANY: M X UC. @l -a-—U'——H ——-U*——-f 165 || 30 HO‘F | —— I | _'LL.3
WELD DRAWING DETAILS: xk Y| —— || ——1[165 1] 30 [[{1{ |[— kS
13\ 94 i 900 . E | J / [ ‘ |
b | (e
Lk iy
o3 e J 2+/J First Welding Seam end on No: — Welder's Signature: T AR BE EK
Second Welding Seam end on No: =--=-—-memmmmmmmmmee= Operator’s Signature: - Al
=S\ K W‘z SR C:’: Third Welding Seam end on No: — Class Stamp & Signature: ;:‘-; A,
NP o L "
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Fig 4: Test Piece as welded, looking longitudinally.



Research&Development

Fig 5: Mr. George FYRIGOS & llias 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’.



General Applications of Technology and Science
Testing Laboratories

156, Karamanli Ave., 136 78 Acharne Agrotemachio 613, 570 08-lonia
Attica-Greece Thessaloniki-Greece
Tel: (210)2442411-3, Fax: (210)2442415 Tel: (2310) 781 747, Fax: (2310) 783 439
E-mail: info@gatsndt.gr E-mail: info_the@gatsndt.gr

RADIOGRAPHIC TEST REPORT- RT

G3/NDTR1 (10/08/2008)

A/12/080

Report N°: RT: 007 Page N°: 1 Sample Received Date (if applicable): 17.12.12 | Contract N® anw
Client - Address: MAREX U.C Test Location: GATS. LAB. ATH
Contractor: MAREX U.C Project: -~
ltem: PLATE Material: S355J2+N
Test According To:  AWS D3.6M :2010 CLAUSE 6 PART Il | Accep. Standard According To: i Da'sﬂpn A:fg-}?"CLAUSE 8
Rad. source: Ir.192 Activity (Ci): 13,72 Source size (mm): 2.0x1.4 | Heat Treat: --=
Film: KODAK (D4) | Density: 24 Screens (mm): 0,027 F.F.D. (mm): 500
Development Automatie i . 1.Q.l Ll AT Exp. Techn.
Manual Temperature : 20°C Location: FS or SS SWSI/DWSI/DWDI
X-ray: KV: mA: Time:
o g 3 £ = Conclusion
Diam. Item Ne Zone | 5| 2g | g | Faults Remarks
x| = 1w A. | NA
PA (1G) SMAW
= PLATE WT A-B 01 20,0 13 A - AFTER
WELDING ]
O
b
o
S
8
¥
2
3
3
Y
L
Q)
2
3
s
=
8
Aa: Gas Pores C: Incomplete Fusion Eb: '(I;rr:;t;i\;erse FF: Film Defect
Ab:  Worm Holes D: Incomplete Penetration F: Undercut Rx: Reshoot
) 2 ] ; . Linear .
Ba: Slag Inclusions T Excess Penetration Kv: Misalignment A Accepted
Bb: Slag Lines Ea: Longitudinal Cracks Ru:  Root Concavity N.A.: Not Accepted
Ti:  Tungsten Inclusions ""’:,' ':?' PP
Report Approved By: Issue Date:
".",Datg 17.12.2012

The above results are only valid for the tested samples/items
Partial reproduction of the report is not permitted without the permission of Gats Ltd. v R
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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.
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Fig 9: General plan of specimen after destructive test. Evident the difference between used
one and unused.

Fig 10: Specimen Close Up.



Research&Development

= |11

T EEEEEER T

-'.‘k_

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



FT'ETE General Applications of Technology and

Science
Testing Laboratories
60, Karamanli Ave, 13671 Acharne Agrotemaxio 613,570 08-lonia
Attica-Greece Thessaloniki-Greece
Tel:(010)2442411-4,Fax:(010)2442415 Tel:(0310)781747,Fax:(0310)783439
E-mail: gats@ath.forthnet.gr E-mail: gats@internet.gr
GATS gats@ g gats@ g
TENSILE TEST CERTIFICATE
GB8/DTR51(20/1/2001)
Test No: 606 Page: 1 from 1
Report No: AIM12/017 - TO1 -RQEVA- .30153/.!,014 4  Date: 18/12/2012
Testing machine: DMG-T4284 SN:24822 Filler metal 1: AWS E7014
Sample Received Date: 18/12/2012 Filler metal 2: -
Client: MAREX U.C. Diameter: D=10mm
Client Address: Thickness: -
Contractor: MAREX U.C. Procedure: WPS 005 - SMAW - PA (1G)
Project: Testing Barracuda Gold ®3,2mm Test according to: AWS D3.6M:2010 CLASS A
Material: TESTED ONLY ELECTRODE * Test temperature: 19C
Material Type: WELDED PLATE S355J2+N % Comments: WELDER "MAROUDAS G. - W01"
Specim. USpecirnen dimensions/ diameter| Yeld Point | Tensile strength | Elong 50 Failure Remarks -
No | S N b Character
‘: (W) mm | (t)mm | Area mm2 KN l‘-gfmng KN !E!mm2 mm % Location
| |
1 | 10,0 - 78,6 358 | 460,000 40,7 |522,000 | 58,0 | 16,0 SPECIMEN 1T
= - - - : — — | - - —
3 | - - - - ‘ - | - - - -
L4 -1 - 1 - [ -] - o
45 + % - 45
[ = 1
X &4 i
40 + 5- 40
35 + T35
30 _ ................... : SRS SIS _ 30
25 £ T 25
20 _.E ............ E_ 20
15 118
10 + 110
5 1s
0 : : - . : ; e ; : : : Lo
0 100 200 300 400 500 600

Witnessed: Note: The Test is for:
- | | Welding Procedure qualificatio . e
| Welder's Qualificatio 4
v Material C/—"’ "
The above results are only valid for the tested samplesfitems P
Partial reproduction of the report is not permitted without the permission of Gats Ltd. L—‘




Speciality Welds

L bl S V-

OVERSEAS CONTRACTOMS

Date:

Welding Specification:
Manufacturer/Client:
WPS:

Welder's Name:

WELDING PROCEDURE SPECIFICATION (WPS)

Tuesday, Dec18, 2012
AWS D3.6M-2010-CLASS A
Marex U.C.

#3

Maroudas, George

Weld Test Details

Welding Process:
Plate or Pipe:

Material Thickness:
Parent Metal Group:
Type of Joint:

Method of Preparation:
Test Dimensions:
Welding Position:
Filler Material:
Electrode Type:
Waterproof Coating:
Storage of Electrodes:
Method of Trans/tation:
Total Immersion Time:

Cleaning Method:

Joint Fit-up Tolerance:

MMA/SMAW (111) 1-8 160-170A 29-31V
Plate 9-45 170-180A 29-31V
20mm 46-54 160-170A 29-31V

220-230 KJ
210-220 KJ
220-230 KJ

$355J2+N
Groove Weld with Backing

Point Welded
400X320X20

1G

Barracuda Gold, 3.2mm
E 422 (AWS 7014)

Special Formula Acrylic Lac

Use directly from box

Wet Quiver

60 min. max. Joint CEV (%): 0.45%
CavitCleaner Backing CEV (%): 0.16%
10mm Speciment Temp. (C):  7C

Results

Welding Parameters Type of Test
Polarity: DCSP (-) Visual:
Techniques Used: Drag & Step Back Radiography:
Visibility & Depth:  Good @ test depth (3m) MPI:
Water Type & State: Freshwater - Tank 7C Macro:
Machine Model:  Telwin Inverter Fracture:
Bend:

Test House

Tensile:

PASS
PASS
N/A
N/A
N/A
N/A
PASS
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