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FOREWORD - =

Diving work is essential in a coastal city like Hong
Kong. A commercial diver needs more than diving
skills: they also need a working knowledge of
construction and the trades around it, so training
asks far more of them than most jobs do.

Training matters, but real skill is built on site. Few
divers get to do every kind of task, so experience
across the industry is uneven. We hope divers and
contractors will keep sharing what they learn, to
close those gaps and make the whole industry
safer and more efficient.

Since 1999, Yan & Partners has put a great deal of
time into underwater welding and cutting. This
guide collects what we have learned in the field,
as a free resource for everyone in the trade.

BEFORE YOU START - BtaZ &l

Wet welding is normally used for temporary or
emergency work, not permanent structures. Water
carries heat away far faster and less evenly than
air, which weakens the weld. Permanent structural
welds need an approved procedure and a
qualified welder (for example to AWS D3.6M), or
dry habitat welding.
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PART A

Wet welding

K TRIVFE

DC arc welding with coated electrodes - B Bl

(0] | Choose fillet or lap-fillet joints
AT EAE
A fillet joint loses heat from the weld pool more
slowly, so the diver can control the weld more

easily, and test coupons show higher tensile
strength.

BIENIFHERARIE  BKEREZIEGIFE - IFEY)
R BRI AR RE RS ©

02  UseDC, electrode negative (straight polarity)

ERERE » IFHHEAIE (BERIER)

Connect the electrode holder to the negative
terminal. The arc length stays steadier, arc blow
is reduced, and the holder corrodes far less by
electrolysis. Never use AC underwater.

03 Keep beads narrow and the arc short
IFERM - INRERE

Hold the electrode close to the work. The flux
coating burns to form a gas shield that protects
the weld pool, but underwater the gas floats
away quickly and the shield is weaker. A wide
bead lets the pool collapse and spoils the weld;
a short arc keeps the shield where it is needed.

Use electrodes no thicker than 4.6 mm
IMEFEEREAR 4.6 2K

A thicker rod pushes more current through the
same contact, which heats up and damages the
holder. A wide bead or large pool cools unevenly,
and if travel speed can't keep up, quality drops.

Also check the output limit of your DC welding
machine.
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Keep the welding lens small, well fitted and light-tight

IRIRIRR B/VI5  BEEEE ~ AR

A compact lens that fits snugly on the mask is
not pushed around by the current, so both
hands stay steady for balance. No light may leak
around the dark glass. Most underwater welding
happens in near darkness: the sudden glare
makes the pupils contract hard and can cause
arc eye (flash burn) and temporary blindness.
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Wear a full-face mask or helmet with a non-conductive regulator

ERAEZEENEE » RS T EBHITIRAS

You work very close to the arc, so exposed skin is
easily burned. Metal in a live, conductive
medium corrodes by electrolysis, shortening its
life, and when the electrode comes near a metal
regulator the diver can feel a strong shock.

KTIRERREAERBEREN > KEINBETRRG =
BEBENNEFEELEER > EAEBMED ; BIFRE
T BT IRAENERET o B KEEGRERIIEE -

Choose insulated rubber gloves a size larger

ERBARBHNEGBFE

You must be able to hold the electrode holder
easily. Tight gloves tire the hand quickly and the
weld suffers. Check gloves for holes and tears
before every dive.

Don't coil the welding leads
B RIRARITE

Current running through a coiled lead builds a
magnetic field that disturbs the arc (arc blow)
and makes the current unstable. Run the leads
as straight as you can.

BKEEERRERIRH - FEARECFHRIK
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Use a holder with a full-length grip and a large contact area

IRSHEF ER - ZEEEK

Like a pistol grip, an ergonomic handle lets you
swing the holder easily and makes changing
rods simpler. For cutting, the oxygen valve can
be fitted neatly on the handle. Holding the torch
head itself is neither comfortable nor efficient. A
larger conductor also takes longer to be eaten
away by electrolysis.
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Wrap electrodes thinly and tightly, and seal the tip

IBMERBAERCSER - ERFFE—HIT

Stretch the tape thin, wrap it tight with as little
overlap as possible, and seal the rod end too. In
the heat of the arc the flux and tape vaporise
together; thick tape burns unevenly and hides
the bead. Poorly wrapped rods absorb moisture
in air, and the flux dissolves if they stay in water
too long. A sealed tip keeps the flux dry until the
last moment: just tap the tip lightly before
striking the arc.
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FEREEMTIR—Z > R SRR FERE FRGE
e

Flat position (F:X): weld right to left, watching the joint ahead

FKX: BEELIT > RREEIRE

With the holder in your right hand, weld from
right to left and keep your eyes on the joint
ahead, not the finished bead. Hold the electrode
at less than 90° to the work, adjusting to your
own technique. The arc light lets you see the
joint and pool clearly, and rising gas doesn't
block your view. If you drift off the joint, move
forward 3-5 mm, then come back into the pool
and build up. This cleans the joint, lets the pool
penetrate properly, and gives a smoother,
stronger bead. A good bead finishes with slag
still on it.

EFFIRH > HFHEARESIE  REEERHH
1R42 > MARETTABYRE « IRREIEMHHE/E 90
E > BEAKXIGHE - BRIICRIEREEENFENE
o AEWEABRIEEMERRR o ERRERRIFE
AIJEAEREITE 3-5 2K - BROEMRE » FREEFRIZ
HE - QUEMIERLSE  JREET R BEES ° TR
IFERAIRRES -
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Fig.1— Flat position, right to left - E— : X » HAEEA
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12 Vertical position (7:X): narrow joints downward, wide joints upward
N R ER T o FRER TR L

Once the arc is struck, the flux gives off gas that I » IREES N RERREAIETEER - B1EKPR

keeps the pool stable, but underwater the gas Baeri S o YIBRISMM A _EIBRIZ 45 5 > SABAT
rises. Tilt the electrode about 45° upward and IS KSR S SES T —ELS A » KRR
= 7K anyli / X

weld downward, so the molten metal and slag R N
o == IS E rES 2 ° ';"‘\7 FELE .,-‘a; /ﬁi”E
cool under the gas shield. The bead should finish 4 TRIIBERERFIRR « RRREREE 0T

3 N~ LS EMBI AR o S B4 Rg > JE(RE
with slag on the surface, and your eyes should R2m > ARLARBERE - BIRMEAR » RRENS
stay between the pool and the joint, clear of the 90 % > B TR LRI ©

rising gas. If the joint is too wide, turn the
electrode to 90° and weave upward to fill it.

O Gasrises - mEELFH
@)
(@]
o

Narrow joint |

EIRERERT

= 45°

Fig. 2 — Vertical position, downhill for narrow joints - B = : &k » F24EH EAT

13 Horizontal position (#&X)
Bk

Horizontal welding combines the techniques of BWNES T ENFID N HIIEIT o
the flat and vertical positions above.
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PART B

Oxy-arc cutting

K FEINELIE

Cutting steel with an arc and pure oxygen - BN ALE IE 47

14 How underwater cutting works
K TFHEIRRIE
An electric arc heats the steel to over 3,000 °C P BINESR 3,000 ESE » SYIOMNSBIACRR
until the metal at the cut turns molten. A jet of YR o ANEASFRZSEIRIEE » S ESBEIE (8

pure oxygen through the hollow cutting rod then 1£) » RERKABIEINAL » FEB=2%I(E ; B

burns (oxidises) the hot metal. This reaction N - . j
I AEBAERES ] BRI BRETIONGE » BI4
releases a great deal of extra heat and liquefies

L o
the metal completely, and the pressure of the 2
oxygen jet blows it out of the cut, separating the
piece.
—> —>
1- Arc melts steel 2-Oxygen burns it 3-Jet blows it out
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15 Designing a better welding and cutting handle
B RIK TR F AR 5T RS

e Make the torch head from heat-resistant TRTEE(E A = BYIE o
material.
*  Make the handle from a material that won't INFE(FERAREE3IYIE o

crack or shatter.

*  The head and handle should screw together REERINFE Y EES SRR o
and apart easily.

e Size the handle so that, with the ball valve IEFEEEU SRR EFEEAE o
fitted, you can open and close it with one
hand.
e After connecting the welding lead, wrap a ERNSIEEE » LATEBRGIE > B8 3M B

layer of ordinary tape before the 3M tape, so it SEREEH o
is easy to replace later.

*  Never clamp the oxygen hose onto the cutting SRETNEEEBEMNEYZE S ERmBH

rod with a metal hose clip: it corrodes by LURY » AREERAEM o
electrolysis and is hard to pull off. A rubber

band works better.

Our improved underwater welding handle
IR RBIKTIREFR

yanpartners.com/projects/underwater-welding-handle

Chinese - X : add ?lang=zh-hant

16 Cutting a caisson
JRELIEE

Weld seam - $Z4I2iE

ISOmm

Fig. 3 — Cut 50 mm below the seam - BI= : FAIFET 50 ZKITEN
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a Pre-fabricate a circular work cradle 150-200 faslEFE TERLe » BERREEIIFE/N 150-200 =K ©
mm smaller in diameter than the caisson.

b  Tie the cutting rods and torch to the cradle so BEIEIERBRETEREE L » HEEKERA o
the diver can reach them easily.

¢ Once the cutting depth is set, have the cradle EEYEEER » 15| B TRRESZERE » IS

lowered to it. Find the weld seam between > FERISASIEE > HISE T 50 =HEAYIEIO o A
caisson segments and mark the cut line 50 EEESRE T B0 | RE 5 IS A AT BTN

mm below it. Over comms, have the cradle
adjusted up or down to your most
comfortable working height. Before striking the

B o IR A TABIEYIRIC] - B B T TR
FRAER WD BRSIOEIEIEN Sk RS

arc, touch the cut point with your left hand, FEIBARRER - REIEIES R LR H
aim at it and crack the oxygen valve open AR BEEIERRERAT » REBHELETF
with one hand: the smalll flow purges seawater  #EINIE] o PIRIFRREFIDE > AHENVE 90 E > LA
from the rod without blowing the oxygen hose =EFkE o zm,t\ggqﬁtﬂzugg%g-_@ ' BEELR
off. When you feel bubbles leaving the rod, B SEENRGSE o

open the valve further, let the jet hit your left
hand, then take the hand away and strike the
arc. Cut at a steady speed, the rod at less
than 90°, with a constant forward flicking
motion. Listen: an even, steady sound is the
best sign of a clean through-cut when you
can't see the light.

d Stay at that comfortable height until the cut is (P RFENESEEESRYIZE o FR)2ERERE
finished. When changing rods, don't move: you ERIRE) » @RS EE ISR o PEE (R

can then feel the kerf and carry on. Keeping RIS TR 50 =K » AEFIETHE « B DY)
the cut 50 mm below the weld seam gives a B AL RIS RS
=] i A FlE] ©

flatter kerf that is easier to break, and saves
rods and time.

FIELD TIP - ER

Don't stare at the arc spot. Look just ahead of PR AR R AT L2, » TIEEZE|25ET
it — the same trick as drawing a straight line 75 B2 TEAREEA NEFSE - FERES
with your eyes closed. Check behind the cut BRYJRIENE TS | D ENTINE (SEEREE

from time to time: visibility permitting (and

I . Y permizing ( ) » BRI 100 2RANFEN ; BEENT
with soil behind the wall), you will see a dull O

glow of flame about 100 mm long. If it stays B HERIEE-ERERTE

steady, the cut is through and clean.
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Cutting an I-beam
TFEEE

o >

> ' Flange

IFH
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Fig. 4 — Cutting sequence - EIX : FIEIRF

Start cutting at the flange, the rod at less than
90° (except for thick plate).

Don't watch the arc spot; watch the glow on
the far side of the flange. If it stays bright
without stopping, the cut is through.

When the cut reaches about the middle of the
flange, turn the rod to 90° and slow down.
Keep watching the far side.

When you cut through at the web, flame
shows through behind. Carry on and cut the
other half of the flange.

Close the oxygen valve, move to face the web,
strike the arc where the flange cut meets the
web, and cut the web.

At the other flange, change the handle angle
and cut half the flange from the inside out.
Close the oxygen, move to face the other side,
and continue the kerf to finish that flange.

Near the end, watch whether the beam may
fall, or leave 25-50 mm (1-2 in) uncut as a
safety hold.
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Surface safety switch
KEZZFE

Always work through a knife switch on the
surface. The tender makes the circuit live only
when the diver calls “make it hot”, and breaks it
("make it cold”) before every rod change.

AR ETIRRR L - REEKEER EE)
A BB - BREHIRFAILA TEE) -

Watch for trapped gas
RIERRE

Cutting releases hydrogen and oxygen that can
collect in caissons, tanks, pipes and under
plates, and explode. Vent enclosed spaces and
never cut into a closed void.

DEIgRLERMNER - AIEREIE  KEL « E8
R AR ERAL 5 | ZURNF - HFIZERSARE > 11701
ANFEZERE ©

Stay out of the circuit
BEAAEAER
Keep the ground clamp close to the work and in

front of you. Never put your body between the
electrode and the ground.

EMSHIESR T > W BKERITT - BEEYI/IER
POIRREE [

Check the kit every dive
BRTFKAEEEE
Inspect leads, holder insulation, gloves and the

regulator before each dive. Have a supervisor
and a standby diver on every job.

BRTKAIREIRE « IRHES - FERIFIRAE
8 - BETENERBKBEEREEBEKE -

This guide shares field experience for trained commercial divers. It does not replace formal training, an approved welding procedure, a

dive plan or the diving regulations that apply to your work.
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