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g UWW' -"Poresity Mitigation
Extreme Case+ lzircje e il o

=yOLERar 100 m depth.

Welding Direction
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2,. : toward liquid
 Nucleation at S1L intef .
o E e ok (Pessoa, Bracarense, Perez and Liu, 2003)
3b. Escape toward liquid
4. Non-Equilibrium capture

G - Dissolved gas species
o - Nucleated bubbles
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(Gooch, 1983)
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DW= OxygensRickuprandCarbon

(Ibarra and Olson, 1984)
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o ]\/]I HEEgmREN IV EIdNPes . .
=N Veld Poeol Chemistry & Chemical Compoesition
l\‘ {Grostructural Transformations in Weld Metal
= Solidification Sub-Structure Refinement
& — As-\Welded Microstructure Refinement
b= Eatigue Properties Clarification
= lmpact Toughness Enhancement
s Porosity: Mitigation in Weld Metal
Diffusible Hydrogen Minimization

s Applications in Tubular Structures
Comfortable Depth Range — 325 ft
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Shallow Water:
Carbon-Oxygen
Reaction Control

Deeper Water:
Hydrogen-
Oxygen Reaction
or

Iron-Oxygen
(FeO) Reaction
Control
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SOV - Alloyino| Element Loss
- (Rerezand LLiup 2005)

+ Vet welds
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4 Dry weld
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Water depth, m

Cellulosic Grade Electrodes

Alloying Elements must be
Replenished with increasing
Welding Depth: Electrode

(Rowe and Liu, 1999) Reformulation
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I Vicrostctural Enfiancement
- ViasAlleying

Optimal Ti-B
Alloying Maximizes
Weld Metal
Acicular Ferrite

@ 33ft H,0O

‘ (Sanchez and Liu, 1994)




f.; gg;?é??grsmgﬂ Coatings Researchi-=CWJCR
BWVVEicrostiuctural Enhancement
2. Alloying

Substantial Acicular Ferrite Increase
in the Weld Metal Microstructure

: Microestructure with
Reference Microstructure Optimized Fe-Mn and Ti-B

(Rowe and Liu, 1999)




Golorado S%SM
Eenterior Welding, nd Coatings Research - CWJICR

Reference
Microstructure

(Rowe and Liu, 1999)
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JWW - CGREZ Microstricture

Ferro-manganese Titanium -Boron
(Rowe and Liu, 1999)
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= Properties — Ni Effect
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[O] =2200 ppm —— Rutile Electrodes with Ni (Perez and Liu)

B
o

w
o1

w
.'Ql

——
it
P
®
T
p{@VE

iy
|

iny)

S
g
L

' \ it "_1
T

(Pope and Liu, 1995)
1 ft-lb = 1.356 J, i.e. 20 J = 15 ft-Ib & 43 J = 32 ft-Ib

At 2.2 wt. pct. Ni, Grain Refinement occurred and
Stacking Fault Energy decreases to facilitate Cross-Slip

(Perez and Liu, 2003)
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SUWWW - Porosity QUestion

B D4313
® D4301
A D4327

Pressure
1 kgf/cm? = 1 atm

Water Depth
1atm =10 m

(Suga and Hasui, 1986)
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: - Porosity Mitigation
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(Rowe and Liu, 1999)

With Proper Alloying, Porosity Level
decreased to Around 1% 16
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BN = PorosityaMitigationt= Pore
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(Pessoa, Bracarense, Perez and Liu, 2005)
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BUVAVE= POrOSILy Mitigation — Pore
seratibR—lengitudinalissiansverse

;

' CHarpy ‘P : Bénd‘sﬁr‘ﬁplé 2 Charpy 2 Bend sample 3 Charpy 3 | Bend-sample 4

\Welding direction

« 50 m, E7024 electrode and A-572 steel
2,1%

(Pessoa, Bracarense, Perez and Liu, 2005) « 100 meters, E6013 electrode and A-36 steel
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T oRAL 2

BIWAVE=Poeroesity MitigationE=Pore™
&l ocation - Longitudinal

A S=iaiat

[Data frrom different electrodes
andl different polarity @ 50m
\Water depth

a — beginning of weld
b — middle of weld
¢ — end of weld

(Pessoa, Bracarense, Perez and Liu, 2003)
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Weld poeol

Longitudinal section macrograph showing
the pool of a wet weld deposited with

] E6010 electrode
Elux coating

Droplet
y
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Basemetal

Schematic illustration of the longitudinal section macrograph
above shown
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RIGPBSEdNNECHanism of porosity
iGlmeenin Wet welds with covered
' electrodes

WEldimEetal

Base metal
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EPIOPESEd mechanisn oif Perosity
elmEnen I wet welds with covered
-— electrodes

Base metal
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® The apparent

o Task Il 70 ft

= Task | 70 ft correlation
A Task Il 140 ft between

e Task | 140 ft i : -
microfissuring and

porosity must be
Investigated.

(Rowe and Liu, 2002)
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