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4.1 Introduction

4.1.1 Fabrication. The fabrication of the hull con-
sists primarily of assembling precut plates and shapes into
subassembly units. The greatest possible use is made of
automatic and flat position welding. Several small assem-
bly units may be assembled together into a much larger
unit before being erected on the ship. Some of these large
erection units weigh 100 tons or more. If the fit-up of
members being joined is not accurate, corrective mea-
sures can be extremely costly.

4.1.2 Workmanship. The quality of welding is af-
fected by many factors and is not restricted only to the
work done by the welder. Before welding, all of the
earlier steps such as layout, plate edge preparation, and
fitting should have been planned with regard to secur-
ing good workmanship.

The welder must be considered. For reasonable comfort
and consistently good workmanship, those who must wear
shields or helmets, respirators, and heavy, cumbersome
clothing require adequate ventilation, especially in con-
fined spaces, and good accessibility. Both production and
workmanship are affected by these factors.

From the standpoint of comfort as well as weld sound-
ness, adequate shelter from the elements must be provided
during welding operations. Welding with shielded metal
arcand any of the gas shielded processes where high winds
prevail will likely produce excessive porosity because of
the disturbance of the arc shielding. Welding under rainy
conditions is equally bad. Some leeway for judgement
may be allowed regarding shelter when ordinary strength
steels are welded. However, since the welding of higher
strength materials usually involves the application of low
hydrogen electrodes, preheat and interpass temperature
control, it will probably be necessary to provide addi-
tional shelter for this welding.

4.2 Preparation of Material. In order for the assembly
parts to be prepared and located accurately, several meth-
ods are used in “lofting” or laying out the work full size.
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ods, especially in new ship construction. These comput-
erized methods have a direct or indirect (tape or disc) link
with numeric-control cutting machines for plates and
some shape cutting. Optical templates and the traditional
manual lay down lofting methods are still used, especially
in ship repair.

4.2.1 Optical Detailing. Optical detailing consists of
drawing structural members 1/10 full size, photographing
the drawing on a glass negative, and then projecting the
negative to full size on the steel plate. The projected
outline is transferred to the plate by center punching,
scribing and marking. In the ratio control cutting system,
however, the torches for full-scale cutting are applied
directly from a scale drawing or glass negative with no
laying out required.

4.2.2 Numerical TapeDetailing. Numerical tape de-
tailing consists of transferring information from either
basic lines and structural calculations or 1/10 size draw-
ings directly to a tape which, in turn, is used to guide the
torches of a tape-controlled oxyfuel gas or plasma arc
cutting machine. No laying out is necessary.

4.2.3 Plate Edges. Plate edges prepared by machine
oxyfuel gas cutting are usually smooth and require no
further preparation. Manual oxyfuel gas cutting (OFC), if
carefully done, produces an edge satisfactory for welding.
If the cutting is not carefully done, the resulting irregular-
ities along the cut edge may require smoothing off by
welding or grinding, or both. Plate edges prepared by
plasma arc cutting are usually smooth and require no
further preparation. However, plasma arc cut edges may
be slightly rolled or slightly beveled which may interfere
with submerged arc welding where plates are butted
tightly with supposedly no gap. This may lead to burn
through while welding the first side. Where edges are
square, it is generally satisfactory to shear relatively thin
plate for welding. However, shearing should not be per-
mitted on an exposed edge of a highly stressed plate, such
as the top of a sheerstrake, unless the sheared edge is
removed by OFC or by some other method.

4.2.4 Fabrication of Subassemblies. Itisnormalpro-
cedure to lay the plates on skids or platens to facilitate flat
position welding. The seams are welded on one side, the
plate assembly turned over, and the seams finish welded
on the second side. Some shipyards do their assembly
work on elevated platens or in special jigs or fixtures to
allow placement of ceramic backing for single-sided
welding. Where plates of varying thickness are employed,
the second side will be smooth; this smoothness will
facilitate placing and welding stiffeners and frames. In
modern shipyards, all flat plate seams and many of the
stiffening members are automatically welded.

Inanalternative procedure, the seams are welded on the
first side, and then the stiffeners and frames are installed
and welded to that first side before the assembly is turned
over to complete the welding of the seams on the second
side. This alternative procedure does not adequately
control distortion because plate edges cannot be dogged
down to the platen while the second side is being welded.

Plate seams can be automatically welded from one side
with special procedures and equipment as described in
section 2. With seam welds made from one side, the
assembly would not have to be turned over during fabri-
cation. It may be necessary to do some repair of seam
welds on the second side.

If manual welding of butts and seams is used, it is
advantageous to backstep the first or root bead. In subse-
quent passes, back stepping or other deposition sequences
such as a “wandering” block are often used to control
distortion,

To arrive at the proper overall dimensions, the sub-
assembly is treated by one of two methods. In one method,
the plates may be cut to finish size before they are welded
into the assembly. In this case an allowance must be made
for shrinkage during the subsequent welding. In the other
method, the plates can be prepared with stock for trim-
ming, usually 1to2in. (25 to 50 mm) around the periphery
of the finished assembly. Then, following welding, the
subassembly may be trimmed accurately to size in the
shop, or the unit may be sent to the ways with trimming to
be done in place. Depending upon the location and design
of the assembly, either of these methods can be used.

4.3 Erection and Fitting. The subassemblies should be
set as accurately as possible with the crane and, while still
hanging, jacked or pulled to make up at the “set” lines
marked on the structure. Then, before the crane is re-
leased, the sections are secured by such methods as
strongbacking, cabling, and tacking in the joint. Addition-
al tack welding and supports may be required to make the
structure safe for subsequent erection. Since most of the
assemblies weigh in excess of 30 tons and some as much
as 500 tons, this operation must be performed carefully.

After the assembly has been set and secured, the entire
joint is aligned and tack welded. Within the midship
section, if fillet connections in longitudinal and principal
transverse members are not aligned towithin 1/3 thickness
of members, then the fillet weld should be increased in size
by 10%. If misalignment is 1/2 or greater than the thick-
ness of the members, the members should be realigned.
Butt joints are fitted by matching the plate surfaces while
allowing for the proper root opening. Then the plates are
tack welded. The usual root opening for manually welded
deck and shell buttjoints is 1/8 in. (3 mm), with a tolerance
of plus or minus 1/16 in. (1.6 mm). Usually the alignment
is maintained by strongbacks as indicated in Figure 29.
The strongbacks in Figure 29(A) and 29(B) permit some-
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Figure 29—Typical Strongbacks

what more movement of plate during welding than the
strongback in (C). Actually, where thick plates are in-
volved, none of these strongbacks can exert much resist-
ance to weld shrinkage across the weld.

Strongbacks and erection clips should be removed with
minimum scarring of plates (see 5.6).

Fillet welded joints with minimum root opening are
aligned and secured by means of tack welds in the joint.
To prevent angular distortion in final welding, temporary
supports or strongbacks, as shown in Figure 29(D), may
be necessary.

Tack welds must be of high quality. In most instances,
tack welding in the final welding groove is acceptable. It
is important to follow tack welding with final welding as
soon as possible, although the sections are supported so
that danger from collapse (a result of tack weld failures)
is practically negligible. No more tack welds than neces-
sary should be applied, and cracked tack welds must be
removed or repaired before incorporation into the finished
weld.

Where large assembly units are joined together using
automatic welding machines, such as submerged arc or
electroslag, the line of welding must be cleared so that the
machine can be maneuvered continuously along the joint.
In connection with a vertical-side shell groove weld made
using electroslag or electrogas, cutouts in longitudinal
members crossing that butt are provided to allow the
inboard sliding shoe, cables and hoses to pass through the
longitudinal members (see Figure 30). These cutouts are
usually small and need not be patched after welding unless
a small stiffener requires reinforcing to maintain the
strength requirements. Welding machines for automatic
welding of horizontal seams also require similar details.

In connection with submerged arc welding of seams or
butts in plating on which bulkheads or framing is already

in place, openings in vertical members crossing the seam
or butt must be provided to permit the welding machine to
pass through. These openings will be fairly large and
invariably will need to be filled in by insert or patch plates.

Where the root opening of a groove weld is under the
specified minimum, it should be opened to specification
by oxyfuel gas cutting, arc gouging, or chipping. The
groove angle must be maintained.

When the root opening is over the specified maximum,
correction may be made by buildup of one or both plate
edges as shown in Figure 31(A). This buildup should be an
operation separate from, not integral with, the joint weld-
ing procedure. The plate edges should be built up to within
the specified maximum root opening before welding with
the joint welding procedure. The buildup should be depos-
ited to maintain the joint bevel and need only be cleaned
of slag and unacceptable discontinuities. Chipping or
grinding should be applied only as necessary to meet
cut edge roughness standards and plate metal thickness
dimensions.

The ABS Rules provide for approval of welding proce-
dures for edge buildup of each member that does not
exceed one-half the thickness of the thinner member or
1/2 in. (12.5 mm) whichever is the lesser. Acceptance of
edge buildup in excess of the above is on a case-by-case
basis.

A temporary backing strip is sometimes used where the
root opening exceeds the specified maximum, as shownin
Figure 31(A). The backing strip is removed and after back
chipping or gouging, the weld can be completed.

Where the gap is considered too large for building up
the plate edges by welding, an insert plate may be used.
The recommended minimum width of an insert plate may
vary, depending upon the particular application and loca-
tion in the ship. In most cases, such as internal decks and
bulkheads and in all framing members, the minimum
width of an insert would generally be 12 to 18 in. (300 to
450 mm). However, in main-strength plating such as shell
and main-deck plating, the minimum width of an insert
would normally extend the full width of the plate and the
length should be equal to or exceed the width, and cross
at least three frames. New butts and seams should provide
approximately 3 in. (76 mm) clearance to existing fillet
welds. In any case, particular attention should be given to
the welding sequence so that distortion and cracking
during welding will be avoided.

Typical details for closures at small and large openings
are covered in 4.4.1.

Care must be taken to use proper plate material. More-
over, in a critical, highly stressed plate area such as a
sheerstrake, the rolling direction of the insert plate should
be the same as that of the original plating.

Where fillet welded joints have root openings in excess
of approximately 1/16 in. (1.6 mm), it is required that the
fillet size be increased by the amount of the opening as
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Figure 30—Cutout of Member to Permit
Passage of Inboard Sliding Shoe and Cables

shown in Figure 31(B). However, where openings are
considered too wide to be bridged or built up by welding,
one of the methods suggested in Figure 31(C) may be used,
when allowed by the contracting or regulatory agency.

4.4 Welding Sequence. The overall welding sequence
should be considered primarily from the point of view of
minimizing distortion and facilitating fabrication. The
welding sequence can be important, especially when thick
plates and castings are welded, if cracking is to be avoided
during welding. In small insert pieces, tensile stresses will
be built up within the insert plating. Thus, cracking of the
boundary welds during welding is likely unless a suitable
welding procedure and welding sequence is followed.

Awelding sequence should be simple because it may be
ignored if it is too complicated to understand. Likewise,
the welding sequence must be practical so that more than
one welder can be put to work at the same time. Figure 32
illustrates two basic ways to weld at an intersection of a
plate butt and seam:

(1) Tie in plates which are relatively free to draw
together.

(2) Do not weld across an unwelded butt or seam.

When these ways are applied to a plate structure, the
welding sequence may be as shown in Figure 33. On a
broader scale, the sequence with staggered butt arrange-
ment takes an orderly form as shown in Figure 34. Note
that several joints can be welded at the same time.
Although staggered butts are seldom used now, Figure 34
is excellent for illustrating a good welding sequence.
Figure 35 shows a typical sequence where butts are in line.

In Figure 36, the basic sequence as given in Figure 33
has been complicated by internal structure. It is possible
to first weld the plates together as shown in Figure 33 and
then weld the internals to the plating. This latter method

is used in subassembly or panel shop work where several
plates are welded together with automatic welding before
the framing is installed.

4.4.1 Sequence For Joining Panels. Where vertical
butts in plate panels are in line, as shown in Figure 37, a
panel section may be treated as a shop assembly with all
internal framing welded to within approximately 9 in.
(230 mm) of the panel edges. When two adjacent panels
are complete, they may be welded together. After the butt
between the panelsis welded, the unwelded portions of the
framing across the butt can then be fit up and welded as
shown in Figure 38. Girders and framing should not be
welded to the plating too far in advance of welding the
butts and seams. The regulatory agencies should be con-
sulted before any deviation from this general sequence is
attempted.

When a ship butt or seam in heavy plate is manually
welded, it is always desirable, especially in cold weather,
to assign a sufficient number of workers to the job to
complete the joint in one shift. Welding should be carried
out on both sides of the joint after the root has been back
gouged and welded.

Where it is necessary to weld sections of plating under
restrained conditions, as in repair work, the sequence
should be similar to that shown in Figure 38. The seams,
which usually will be common with the existing structure,
shouldbe cutback approximately 9 in. (230 mm) toreduce -
restraint when the vertical butts are being welded. Like-
wise, any framing left in the old structure should be
released approximately 9 in. (230 mm) clear of the
opening,

4.4.2 Access Holes and Inserts. Figure 39(A) shows
several methods of closing small openings. Generally, a
back-step cascade sequence of welding is recommended.

Where openings are relatively large, rectangular insert
plates with radius corners are often used. With a rectangu-
lar insert, the edge of the cutout may coincide with
existing butts or seams, or both, as shown in Figure 39(B),
(E) and (F).

Some of the weld grooves should be extended approx-
imately 9 in. (230 mm) to eliminate weld starts and stops
at a weld intersection, (see Figures 32 and 38). Where this
step is impracticable, the corners should have a generous
radius, as shown in Figure 39(C) and (D). However, a lap
joint rather than an insert may be used quite satisfactorily
in places such as internal decks and bulkheads.

4.5 Weld Distortion. Although much theoretical work
has been done on weld distortion, only that work substan-
tiated by experiment and experience is reliable. Basically,
there are just two principles, as illustrated in Figure 40, to
consider regarding distortion from welding, namely:

(1) The weld metal, with shrinkage stresses of near
yield point magnitude along the weld, exerts tensile weld
stresses which must be equalized by compressive stresses
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Note that a release length of 9 in. (230 mm) is provided in the
horizontal seams at each corner of the insert plate.

Weld in this sequence:
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Figure 37—Typical Welding Sequence

for Large Subassembled Plate Panels
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Figure 38—Welding Sequence for Side Shell Plate Repair
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in the adjacent plating or structure. Of course, shrinkage
also takes place across the weld.

(2) If the tensile weld stresses are not exerted at the
neutral axis of the structure, the structure will react by
bending. When bending occurs in two planes, twisting
results.

These two principles may be used to explain both local
distortion at the welded joint itself and overall distortion
in the structure. The greater the inertia of the structure to
resist bending, the smaller will be the bending distortion.
Also, the greater the overall restraint offered, the smaller
will be the distortion.

4.5.1 Distortion at Welded Joints. Typical distor-
tions are illustrated in Figure 41. For a given weld size, the

greater the number of weld passes used, the greater will be
the angular distortion. In this respect, automatic welding
with higher arc heat concentration, higher deposition
rates, faster travel speed, and possibly smaller groove
angles or square groove joints will usually cause less
distortion than manual welding. Also, the smallest prac-
ticable fillet welds and the smallest groove angles should
be specified.

The angular distortion caused by welding stiffeners to
plating often results in the familiar washboard effect (see
Figure 42). Another form of angular distortion occurs
when two plates or assemblies are being welded together
starting at one end and progressing toward the other. If the
weld is made slowly with little heat input, as with multiple
pass manual welding, the welding tends to draw the
unwelded portion of the joint closer together as shown in
Figure 43(A). To offset this tendency, a block welding
sequence is sometimes used in manual welding.

However, if the weld is made fairly rapidly with higher
heat input, as with submerged arc or electroslag welding,
the heating pattern produced in the plating adjacent to the
welding may cause the unwelded portion of the joint to
remain fairly stable or to open as shown in Figure 43(B).
If the welding is stopped before completing the joint, the
joint will close up. With submerged arc, tack welds can
help maintain alignment. With electroslag, no tack welds
are used. Instead, stiffening members are employed to
help maintain alignment.

The amount of opening or closing of the unwelded
portion of the joint will depend on many factors including
plate size, welding process, speed of welding, cooling
rate, and heat input. In some cases, it is helpful to initially
provide a larger gap at the top of the joint than at the
bottom to compensate fora closing tendency. Experience,
however, is the only reliable guide.

4.5.2 Distortion of Structure. The welding of butts
and seams in plate panel assemblies and the welding of
stiffeners to the plating will compress the plating and warp
the stiffeners. These distortions result from a combination
of compressive reaction stresses caused by weld shrink-
age and bending stresses caused by stiffener eccentricity.
In addition, the result sometimes produces twisting.

If the compressive stresses are relatively high, buckling
may take the form of natural buckling deflections (waves)
along the plate or across the plate (see Figure 44). This
condition is usually quite noticeable in light plating.

The same principles, as noted above, also apply to large
assembly units and even to the ship itself. If welding is
applied to the top of a long shallow unit, the unit will
deflect upward at the ends. In such welding, the bows and
sterns of ships have been observed to lift off the keel
blocks several inches.
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there will be less tendency to deflect upward at the ends.
Also, if an upper unit can be installed and tack welded in
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Ideally, the welding should start along the midline of
the assembled units and progress upward and downward,
forward and aft, port, and starboard. However, with the
very large assemblies now being used, the overall deflec-
tion problem is much less than when ships were built with
small assemblies or plate by plate.

For manually welded seam and butt joints, a backstep
or wandering block sequence often helps to minimize
overall distortion. The effect on distortion control is much
greater for the initial passes than for subsequent passes.

4.5.3 Control of Distortion. One method of holding
overall dimensionsis to make proper shrinkage allowances.
By allowing extra length or width to compensate for the
shrinkage, the final measurement will be correct. This
method will provide good results if the operations of
trimming, fitting, and tack welding are done uniformly on
duplicate pieces. Shrinkage estimates given in Table 9
provide some benefit when data based on experience with
a particular assembly are unavailable. However, consid-
erable variation from these estimates can be expected.

The judicious use of temporary stiffeners, jigs, and
strongbacks will help to minimize distortion. Sometimes
presetting or prebending is useful. When the member is
welded, it is expected to deform to the correct or desired
shape. With higher strength steels, it is helpful to use the
lowest yield-strength electrode compatible with the design.

There are several ways to correct distortion, but all
methods are less desirable than preventive measures. One
of the most common corrective measures is torch heating
and accelerated cooling either by heat shrinking spots in
a regular pattern or by line heat shrinking. Nevertheless,
there are limitations on the use of accelerated cooling, as
noted later in this section.

In straightening a plate panel, line-heat shrinking may
be used along the back of frames and stiffeners, slightly
beyond the toe of the weld, or in combination with either
spot or line heating in between. Line or spot heating the
flanges of stiffeners is sometimes used to straighten
bowed frames if the flange is along the convex side. The
deposition of weld beads along the hump of a buckle or
bend is much less efficient than torch heating.

On light deck plating, additional stiffening in the form
of flat bar headers, intermittently welded to the plating,
are effective. However, they are generally used only as a
last resort to prevent as well as correct distortion. Some-
times it is expedient to cut in new butts to remove excess
material. In these cases, new butts are cut normal to the
direction of the excess length of material.

Fairing by heating or flame shrinking and other meth-
ods of correcting distortion or defective workmanship in
fabrication of main-strength members within the mid-
ships portion of the vessel and other plating which may be
subject to high stresses is to be carried out only with the
express approval of the classification society’s surveyor
or the owner’s inspector.

Shrinking by the alternate use of heat and water-spray
cooling is not permitted on main strength members by
most codes and fabrication specifications. Decks, bottom
shell, side shell, and other main-strength members, re-
gardless of the grade of steel, may be faired either by
heating (sometimes accompanied by jacking) orby releas-
ing all restraint and then cold straightening. On the higher
strength steels, heat straightening should be kept to an
absolute minimum.

On some low alloy steels, not even heating is permitted.
Refairing should be done by the releasing of adjacent
joints or the making of new joints, fairing by strong
backing only and then the rewelding of the joints.

Since plate unfairness is often unavoidable, some con-
sideration should be given to the structural importance of
the part. Figure 45 shows acceptable steel plate tolerances
given in MIL-STD-1689 covering fabrication, welding,
and inspection of ship hulls as amended.

Intermittent fillet welding instead of continuous weld-
ing will reduce distortion. However, intermittent welding
is not advisable if maximum strength is required. Nor is it
advisable in locations where damaging corrosion is likely
to occur along the unwelded surfaces. It is recommended
wherever buckling distortion in thin plate panels is to be
minimized. Any intermittent fillet welding should have
continuous welds both at the ends of the members and at
the intersection of these members with main-support
members. The minimum required length of continuous
fillet welding at these places is normally specified by
regulatory agencies. Wherever possible, staggered welds
should be used. Weld segments should be 1-1/2 in.
(38 mm) minimum and the maximum unsupported length
should not exceed 12 times the thickness of the plate (see
Figure 46).

4.6 Stress Relief

4.6.1 Postweld Heat Treatment. After joining or
after repairs have been completed, a postweld heat treat-
ment is sometimes required of heavy weldments, usually
those incorporating castings that will be in highly stressed
portions of the structure.

Examples are rudders, rudder posts, and stern frame
weldments. Heat treating may be necessary to maintain
dimensional stability before or at some time during ma-
chining of heavy weldments. If the material is plain carbon
steel, a treatment temperature of 1150° + 50°F (620°
+ 28°C), held for one hour per inch of maximum thick-
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Weld Shrinkage Allowances

Groove Welds
Transverse 1/16 to 3/32 in. (1.6 to 2.4 mm) for all thicknesses
Longitudinal
Over 1/2 in. (12.5 mm) thick 1/32 in, (0.8 mm) in 10 ft (3 m)

3/8 to 1/2 in. (9.5 to 12.5 mm) thick 1/32 10 1/16 in. in 10 £t (0.8 to 1.6 mm in 3 m)
1/4 to 3/8 in. (6.5 to 9.5 mm) thick 1/16 to 3/32 in. in 10 ft (1.6 to 2.4 mm in 3 m)

1/4 in. (6.5 mm) and thinner 1/16 to 1/8 in. in 10 £t (1.6 to 3.2 mm in 3 m)
Fillet Welds
Tucking Allowances
Over 1/2 in. (12.5 mm) thick No allowance

3/8 to 1/2 in. (9.5 to 12.5 mm) thick 1/64 in. (0.4 mm) each stiffener
1/4 to 3/8 in. (6.5 to 9.5 mun) thick 1/32 in. (0.8 mm) each stiffener
1/4 in. (6.5 mm) and thinner 1/16 in. (1.6 mm) each stiffener

Note; Tucking allowance (see Figure below) was developed for use on flat plates with continuously welded
stiffeners. Intermittent welding will result in about one-half the tucking tabulated above when the weld lengths
and spacings conform to the requirements for shipbuilding, Tucking allowance refers to the amount of distortion
and subsequent loss of plate length or width, which will be encountered due to welding.

TUCKING ALLOWANCE
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[image: image15.png]ness of section, is usually specified. However, if assem-
blies are welded in a proper sequence with preheat and low
hydrogen electrodes, they may not require postweld heat
treatment.

Many low alloy steels, particularly the quenched and
tempered steels which may suffer a loss in strength and
impact resistance, perform better when not postweld heat
treated. In any case, the treatment temperature should
always be lower than the tempering temperature.

4.6.2 Mechanical Stress Relief of Welds. When
postweld heat treatment is impossible, mechanical stress
relieving of welds is sometimes used to reduce high
welding stresses in large pressure vessels and cylindrical
tanks. This method involves subjecting the tank to hydro-
static pressure about 1-1/2 times the design pressure to
plastically stretch the weld metal. Thus, the residual
welding stresses will be reduced when the internal pres-
sure is removed. The pressure, which should not stress the
tank to more than 90% of the yield point, is maintained for
aminimum of approximately two hours. Applications and
limitations of mechanical stress relief are covered in U.S.
Coast Guard Marine Engineering Regulations, Title 46 of
Federal Regulations Subchapter F. Generally, this method
of stress relief is not permitted on materials where the
yield point is greater than 80% of the ultimate tensile
strength.

4.6.3 Vibrational Stress Relief. Mechanical vibra-
tion at frequencies and intensities designed specifically
for the part has been shown to be effective at stabilizing
dimensions but has little known effect on residual stress.
Itis therefore not recognized by most regulatory agencies.
It has been used successfully, however, to relieve stresses
induced by excessive transportation vibration and in-
duced by having been dropped or having fallen from an
elevated position.

4.6.4 Peening. Insome cases, peening will effective-
ly reduce distortion or loss of dimension. Generally, the
first and last layers are not peened; the first layer because
it does not have sufficient strength to resist the blows and
the last layers because no subsequent weld passes are
deposited to reheat and refine the peened material. Peen-
ing of single-pass fillet welds has been shown to be quite
effective in reducing angular distortion in thin plate, Care
should be taken that peening operations do not close up
undercuts, incomplete fusion, or other defects. Such de-
fects should be removed before peening. Peening should
be done immediately after the weld pass is made, or after
any repairs are made.

4.7 Preheat. The benefit of preheat results primarily
from the reduction of the cooling rate during welding. The
slower cooling helps to reduce the concentration of shrink-
age stresses and the hardness of the weld and heat-affected

zones. In that way, the slower cooling may help to prevent
the formation of cracks and may increase the notch
toughness of the welded joint. Preheating during cold
weather is usually specified, especially for the welding of
thick plates.

Regardless of ambient temperature, preheat is advis-
able on heavy weldments and castings. Although preheat
as high as 400°F (200°C) is considered desirable in some
cases, practical considerations usually dictate lower pre-
heat temperatures of approximately 150° to 200°F (65° to
90°C) and the use of low hydrogen welding processes. In
some higher strength steels, however, a higher preheat,
together with low-hydrogen welding processes, may be
necessary.

Sometimes preheating is unnecessary because the use
of a high-heat input welding process may bring about a
sufficient retardation of cooling. Continuous welding
operations, together with the maintaining of a specified
temperature, are highly desirable when heavy units or
highly restrained structures, such as castings or small
insert plates, are welded. Sometimes, when an insert is
welded in a heavy plate, only the minimum amount of
preheat required for adequately retarding the cooling
should be used, because the plate shrinkage from the
preheated areas adjacent to the weld, when these areas
cool, will be added to the weld shrinkage and increase the
tendency toward shrinkage cracking.

Preheat may be necessary before tack welding when the
members to be joined are highly restrained. When higher
strength steels (particularly those that are quenched and
tempered) are fabricated, the same preheats specified in
the welding procedures should be used when any type of
weld or tack is made.

Holding the weldment at the preheat temperature for a
period of up to twenty-four hours after welding can be an
effective measure against delayed cracks. This allows
entrapped hydrogen to diffuse out of the weld area.

4.8 Barge Construction for Inland Waterways. River
barges are built to provide the maximum possible cargo
tonnage within given dimensions, consistent with ade-
quate structural strength and towing efficiency. In shape,
barges are usually of semi-integrated (one square end and
one shaped end) or box (two square ends) construction.
Many barge yards are highly automated, and they take
advantage of many labor saving details in the construction
process. ‘

Steel plating is purchased from the mill as sheared flat
plates or in coils. Coil storage and uncoiling operation at
the shipyard are shown in Figure 47. After it is uncoiled,
the plating is side trimmed and sheared to length. Coil
plate thicknesses vary between No. 10 gauge 9/64 in.
(3.5 mm) and 5/8 in. (16 mm). When plate butts are
welded, maximum use is made of automatic submerged
arc welding with flux backing for welding plates up to
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Figure 47 – Coil Storage (Top) and Uncoiling Operation (Bottom)

[image: image17.png]1/2 in. (12.5 mm) thick in a single pass from one side only.
Stiffeners are normally welded to plating by the use of
manual shielded metal arc welding, or semiautomatic flux
cored arc welding or both.

Subassemblies with standardized details are widely
used (1) to gain the maximum labor efficiency, (2) to take
advantage of positioning for flat welding, and (3) to
minimize construction time. The only size limitation is
that of crane capacity.

Steel plate in coil form to ABS requirements may be
produced only as Grade A. The steel on the outside of the
coil will have a slightly higher tensile strength than the
steel on the inside of the coil because of the coiling
process after rolling. This difference in tensile strength
is due to a difference in cooling rates when the steel is
coiled.

Figure 48 shows barge assembly units being placed
into position.





Figure 48 – Barge Construction Showing a Side Shell Unit (at right) in

Horizontal Position Ready to be Erected Into Final Vertical Position
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5.1 Introduction. The maintenance of good weld qual-
ity depends on the organization of welding operations as
well as on the methods of inspection. Subsurface inspec-
tion is not infallible as a means of controlling quality nor
does it minimize the need for a high standard of work-
manship or supervision. A close liaison among tradesmen,
supervisors, welding engineers, and designers is therefore
essential to creating conditions suitable for producing
sound welds.

Quality assurance in an organization starts at the top and
the responsibility for it lies with the shipyard’s top man-
agement. Quality cannot be inspected into a product.
Trained personnel and appropriate procedures must be in
place prior to the start of work. The proper materials for
base metals and suitable consumables, electrodes, and
flux must be selected. Suitable and properly working
equipment must be available, and the correct processes
and procedures must be selected. Finally, properly trained
welders and welding operators must be available.

Quality control starts with the qualification of the
welding and nondestructive testing procedures required
by the design of the hull and its components. Once these

-procedures are in place, welders, welding operators, and
inspector/testers must be trained and qualified.

The use of various welding processes and techniques
will produce different types of defects which are usually
associated with a given process or technique. For instance,
in submerged arc welding, the flux cover which precedes
the electrode may produce pockets of entrapped slag,

whereas with welding processes using only gas for shield- -

ing, this type of defect would not be likely to occur. It is
important to consider how the change in variables and
techniques of a welding procedure can affect the probabil-
ity of certain types of defects. Each of the regulatory
agencies and classification societies require the shipbuild-
er to inspect the hull and its components by various
inspection methods to meet stated acceptance standards.
Alternative inspection methods may be approved upon
request of the shipbuilder, but each request will be eval-
uated on a case-by-case basis and the alternative method
must provide equal or better detection of the type of
defects probable with the welding procedure used.

Naval vessels and some merchant ships are now using
increasing amounts of higher strength, low alloy steels.
Initial qualification of both the welding procedure and the
welders is required for these materials.

5.2 Welding Procedure Qualifications. Most regula-
tory agencies and classification societies do not recognize
any prequalified welding procedures for shipbuilders;
therefore, welding procedure qualification is required for
all ship welding construction. Such tests are conducted to

determine the shipyard’s or fabricator’s capability in
applying the proposed filler metal to the base metal. The
extentof such tests may vary depending upon the intended
application, but they generally consist of transverse ten-
sile and bend tests, as a minimum.

However, procedure qualification for special applica-
tions, such as the use of high-heat input electroslag and
electrogas processes and the welding of steels for low-
temperature service, usually requires additional Charpy
V-notch tests.

5.3 Welder Qualification. The details of specimens to
be prepared and also the tests to be carried out for welder
qualification in shipbuilding are included in the rules and
specifications of the U.S. Navy, the U.S. Coast Guard, and
the American Bureau of Shipping. The tests are designed
to show whether the welder can make sound welds using
approved materials and procedures. Each welder should
be qualified for the welding process, the material thick-
nesses, and welding positions to be used in production.

Since the turnover in weldersis large, new welders must
be trained on a regular basis. Beginners are taught the
fundamentals and practice of making welds; first in the
less difficult flat and horizontal positions, then in the
vertical and overhead positions. Welders must pass a
qualification test before they are permitted to undertake
production welding. It must be recognized that successful
completion of a qualification test weld is not an accurate
measure of a welder’s skill. Many areas of ship construc-
tion present extremely difficult welding conditions which
can only be completed by highly skilled people with a
great deal of experience.

After normal performance qualification is completed,
it is recommended that further training on job related
materials, thicknesses, and access constraints be conduct-
ed before the welder is released to production. Continua-
tion of this training to supplement on-the-job training is
also recommended. Fortunately, more and more ship
welding is done on subassemblies in the shop or on
platens, where the less experienced welders can be as-
signed to work in less difficult positions and under more
direct supervision. These areas are often used for on the
job training where the welder’s supervisors will learn
whether or not a person can become a skilled welder.

It mustbe understood that welders who can successfully
complete a test weld do not necessarily know or under-
stand the sundry requirements imposed by codes, contract
specifications, or welding procedure specifications. Clear
communication of special data must occur so that welders
perform properly on the job.

Welding supervisors should be sure that all welding
personnel are qualified by their ability to exhibit an
adequate knowledge of (1) the welding process, (2) the
equipment used, and (3) the techniques involved. Like-
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their ability by making sound welds with the equipment
involved.

Requalification of welding personnel is required when
certain changes are made in procedure or when welding
personnel have not been employed in welding for a
specified length of time, three consecutive months in
some cases. Welding supervisors should make certain that
only qualified welders are assigned to production work.

5.4 Inspection Methods. Surface inspection is gener-
ally performed by using three methods, visual (VT), liquid
penetrant (PT), and magnetic particle (MT). These meth-
ods may be designated by the designer, by the code or
inspection specification, or by the local surveyor or
inspector. These methods are used to locate and identify
defects on the surface of the weld metal or base metal.
Some methods of magnetic particle inspection can detect
discontinuities slightly below, approximately 1/8 in.
(3 mm), the surface of the metal.

The interiors of welds may be examined by radiog-
raphy (RT), gamma ray or x-ray, and by ultrasonic test-
ing (UT). These methods are used to locate and identify
discontinuities below the surface of the weld metal in
welds which are in highly stressed locations, e.g., the
shearstrake, bilge, hatch corners and deck inserts within
mid 3/5 length of the hull. Other locations are weld
intersections, column joints, and connections on mobile
offshore drilling units or at specific locations designated
by the local surveyor or inspector.

With low alloy steels where delayed cracking is often
a problem, nondestructive testing should be performed no
sooner than 48 hours after the completion of welding.

5.4.1 Visual Inspection. Visual inspection (VT) is
generally satisfactory for completed fillet welds. Such
inspection should be accompanied by periodic checks of
joint fit-up. A smooth weld surface, proper shape of fillets,
lack of sharp undercuts at the toes, and freedom from
craters atthe ends of welds are good evidence that the fillet
welds are satisfactory. The welds should also be checked
for size, with gages where accuracy is important.

Groove welds in plates cannot be effectively judged
solely by their surface appearance. However, inspecting
the joint before it is welded can be effective in requiring
the following items to be satisfactory: edge smoothness,
cleanliness, plate alignment, groove angles, root opening,
and root faces.

During welding, supervision is required to ensure that
proper slag removal and cleaning are carried out between
weld passes, by the welders.

In most joints of hull plates; the weld is deposited from
both sides with the root of the first side chipped or gouged.
In this case, visual inspection of the joint after back

gouging will reveal any unfused areas, slag inclusions, or
other root defects that may remain because of the failure
to gouge deep enough.

5.4.2 Subsurface Inspection. This inspection is ac-
complished by radiography (RT) or by ultrasonic testing
(UT). Inspection is concentrated in the more highly
stressed deck and bottom shell areas. Generally, the
number of locations inspected on a ship is 200 to 400 with
more inspected locations on special purpose ships and
other marine vessels.

5.4.3 Radiography. Radiographic testing (RT) is a
widely accepted method for nondestructive examination.
There are two basic sources of radiation: gamma rays,
emitted by radioactive materials such as iridium 192 or
cobalt 60, and x-rays. In either case, the rays pass through
the weld and are recorded on a special film as a shadow
picture. Only relative densities of the material are shown
on the developed film. Cracks, porosity, slag inclusions,
and incomplete fusion areas are indicated by darker areas,
contrasting with the lighter areas which depict more
dense, sound metal.

Inspection of plates up to approximately 1-1/2 in.
(40 mm) thick is usually carried out with portable x-ray
equipment and recorded on film 4-1/2 by 17 in. (115 by
430 mm) or 10by 10in. (250 by 250 mm). The immediate
surrounding area must be roped off and conspicuously
posted to keep workers from walking through the radiation
Zone,

Inspection of castings and plates over 1-1/2in. (40 mm)
is carried out by the use of gamma ray. The resulting
radiographs have less contrast than x-ray results. Safety
precautions are more stringent than those required for x-
ray inspection.

Radiographic inspection evaluates porosity and en-
trapped slag more readily than does ultrasonic inspection.
Therefore, radiography is preferred when discontinuities
of this type are suspected. Ultrasonic inspection evaluates
linear discontinuities more effectively than does radiog-
raphy. Therefore, UT is preferred in evaluating this type
of defect. Each inspection method has its advantages, and
the shipbuilder in consultation with the customer and
regulatory agency should agree on the appropriate inspec-
tion methods.

For ship-hull work, one exposure at a location is
sufficient. However, in unusual cases, two may be em-
ployed, one being taken at right angles and the other
inclined to the plate surface in line with the weld fusion
line. Thus, fine cracks which may not show on one film can
usually be detected on the other.

Numerous variables affect the resultant shadow pic-
ture. Some of these are radiation source, x-ray voltage,
film type, material thickness, and the presence of weld
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to interpret radiographs of production welds and evaluate
the importance of any indication of a discontinuity.

In all cases, a penetrameter is used. A penetrameter is
astrip of metal having a thickness of approximately 2% of
the weld that is being inspected and is provided with
drilled holes whose diameters are certain multiples of the
thickness of the penetrameter. The image of the penetram-
eter is used to evaluate the sharpness of the image and the
contrast between the image and the background of the
film.

Typical shipyard x-ray equipment includes a trans-
former and control panel as well as an x-ray tube in a
protective housing connected to the transformer by high-
voltage cables. Additional equipment may be required to
cool the tube. The x-ray tube is placed on one side of the
weld. On the other side, the film is placed in its holder
together with intensifying screens which increase the
effectiveness of the technique.

Interpretation is usually left to the quality-control engi-
neer and the regulatory agencies. Radiographs can be
retained as a permanent record during the construction
period and can be examined as desired.

Hull-weldradiographicacceptance standards have been
‘established by the U.S. Navy and the American Bureau of
Shipping. The U.S. Navy requirements are contained in
the NAVSEA 0900-003-9000, Radiographic Standards
for Production and Repair Welds. The ABS requirements
are contained in its publication, Rules for Nondestructive
Inspection of Hull Welds.

5.4.4 Ultrasonic Testing. In the past, ultrasonic test-
ing (UT) was generally used in conjunction with radiog-
raphy. Now, ultrasonic testing is increasingly used instead
of radiography, and in some cases, has replaced radiog-
raphy in the inspection of hull welds. Occasionally, a
radiograph of a questionable area is taken for verification
of ultrasonic testing results. Because interpretation of
ultrasonic testing is rather difficult, it must be made by
highly qualified personnel. Ultrasonic testing also helps
to determine the extent of plate laminations, when
present.

In radiography, a flat discontinuity, such as a crack,
parallel to the plate surface can be picked up less easily,
if at all, than a similar discontinuity perpendicular to the
surface. Whereas this type of defect is readily detectable
by ultrasonic testing, radiography is not used for detecting
plate laminations.,

The advantages of ultrasonic testing are that it may be
done during regular working hours without having to clear
the area of people to avoid radiation hazard thus not
disrupting production, results are immediately available
and work need not be delayed waiting to find out if rework
is necessary.

The ABS requirements for ultrasonic inspection are
contained in its Rules for Nondestructive Inspection of
Hull Welds. The U.S. Navy has standards for ultrasonic
testing in NAVSEA 0900-006-3010, Ultrasonic Inspec-
tion Procedure and Acceptance Standards for Hull Struc-
ture Production and Repair Welds.

5.4.5 Magnetic Particle. The magneticparticle (MT)
method of inspection is used effectively after back goug-
ing for the inspection of the roots of groove welds,
although it is not as effective on the face of a weld where
the weld surface is rather rough. This method is employed
in the inspection of heavy welds in castings, and during
casting repairs. It is also used in the examination of joint
preparations in heavy weldments, castings, intermediate
passes of multiple-pass welds, and surface conditions on
castings, forgings, and plates. The magnetic particle

method cannot be used on nonmagnetic materials.

In magnetic particle inspection, a magnetic field, estab-
lished temporarily by the passage of an electric current, is
interrupted by discontinuities at or very close to the
surface of the magnetized material. Two large, metal
prods, connected to an ac or dc power source, are placed
on the surface to create the magnetic field. When fine
magnetic particles are dusted on the surface, they will
arrange themselves in the pattern of the magnetic field,
outlining any interruptions in the magnetic field caused by
discontinuities, located 1/8 in. (3 mm) or less from the
metal surface.

5.4.6 Liquid Penetrant. Liquid penetrant testing is
another method used to look for surface defects. It is used
for the inspection of smooth surfaces such as machined
parts, ship propellers, piping, and on parts made with
nonmagnetic materials. Due to the portability of the
materials used in this method of inspection, it is often used
in relatively inaccessible areas of the ship or for inspec-
tions where the ship is in a remote location outside of a
shipyard or port area.

Liquid-penetrant methods can be divided into two
major groups; fluorescent penetrant testing and visible
penetrant testing. Fluorescent means that the penetrant
glows when illuminated by ultraviolet or “black light”.
The visible method uses a brightly colored dye that
contrasts against a white developer background. Both
offer good sensitivity when properly applied; however, if
you can get the right conditions, fluorescent may have
greater sensitivity.

5.4.7 Other Methods. There are several other meth-
ods of nondestructive testing which can be used although
not often in shipbuilding. Eddy current testing (ET) is
primarily used for testing piping and tubulars. It can be
used on ferromagnetic and austenitic steels, copper alloy
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is checking boiler tubes.

Acoustic emissions testing (AET) can detect crack
formation during loading or thermal stressing of metals. It
is used for the in-process monitoring of continuous or spot
welding and for monitoring welds during proof testing.

Proof testing includes many of the common shipyard
tests: hydrostatic testing, pneumatic testing, hose testing,
chalk testing, etc. Leak testing can be done acoustically,
with leak detection instruments called calibrated sniffers,
with low-viscosity penetrating oils, or with vacuum boxes.

5.4.8 Nondestructive Testing Personnel. Qualifica-
tion of personnel is one of the most important aspects of
nondestructive testing. Qualification assures that the per-
son performing the test method has proper knowledge and
experience to apply the test and interpret the results. Most
nondestructive testing personnel are qualified in accord-
ance with the American Society for Nondestructive Test-
ing (ASNT), Recommended Practice No. SNT-TC-1A.
This document establishes the guidelines for education,
training, experience, and testing requirements for various
levels of competence.

The American Welding Society conducts examinations
to determine the proficiency of welding inspectors and
associate welding inspectors in accordance with AWS
QCI, Standard for Qualification and Certification of
Welding Inspectors. This qualification verifies that the
inspectors of weldments have the knowledge to properly
apply various codes and specifications.

5.5 Welding Discontinuities. The following are princi-
pal discontinuities found in welded joints:

(1) Inadequate joint penetration

(2) Incomplete fusion

(3) Undercut

(4) Slag inclusions

(5) Porosity

(6) Cracking

(7) Overlap

5.5.1 Inadequate Joint Penetration. Inadequatejoint
penetration describes the failure of the filler metal and
base metal to fuse at the root of a welded joint. The
following are causes of this type of discontinuity:

(1) Root face too great

(2) Root opening too small

(3) Groove angle of the weld too small

(4) Use of too large an electrode

(5) Insufficient welding current

(6) Insufficient back gouging
Careful back gouging is very important, as it can usually
overcome all other causes of inadequate root penetration.
Still, only a nominal amount will be required if skill and
supervision are employed during welding.

Back gouging is usually accomplished by arc gouging
or chipping. The use of ceramic backing usually elimi-
nates back gouging and the defects associated with it, even
in joints welded from both sides such as double V groove
joints.

5.5.2 Incomplete Fusion. Incomplete fusion de-
scribes the failure of the weld metal to fuse at the root or
sides of joints and may also occur between adjacent
layers of weld metal.

Incomplete fusion is usually caused by poor fit-up, too
low welding current, or mislocation of the arc. The arc
provides heat for fusion, so if the arc is not sufficiently
intense or is not brought sufficiently close to the joint
sidewalls by the welder, incomplete fusion is likely to
result. This condition is more likely to occur if only one
side of the groove isbeveled, with the other side remaining
square. Inadequate removal of slag and weld spatter from
the surfaces may also contribute to incomplete fusion, but
it is seldom considered the primary cause.

5.5.3 Undercut. Undercutis a groove melted into the
base metal adjacent to the toe or root of a weld that is left
unfilled by weld metal. While slight undercut can be
tolerated, excessive undercut must be repaired and is
usually due to carelessness or lack of skill of the welder.
Some types of electrodes show a greater tendency to
undercut than others. With a given electrode, the tendency
to undercut will be increased by too high a current or too
long an arc. Surface undercut can usually be corrected by
the deposition of additional metal. Undercut of the weld-
groove sidewalls is normally filled up as the successive
passes of weld metal are deposited. Excessive undercut in
the sidewalls may lead to incomplete fusion and slag
inclusion.

5.5.4 Slag Inclusions. Slag inclusions are nonmetal-
lic material entrapped in weld metal or between weld
metal and base metal in a welded joint and are usually
associated with incomplete fusion of the underlying
metal. Slag inclusions may occur along the bottom of
crevices, along deep undercuts, or at sharp corners which
interrupt the continuity of the welding operation. Accord-
ingly, the factors which contribute to incomplete fusion
also contribute to slag inclusions. These factors include
inadequate skill in shaping and placing weld passes, low
amperage, too narrow a groove, and insufficient cleaning
of preceding weld passes. Small, widely dispersed slag
inclusions are generally not considered detrimental.

5.5.5 Porosity. Porosity is the term used to describe
the blow holes, voids, or gas pockets sometimes found in
welds. A small amount of fine and widely scattered
porosity does not have a serious effect on the mechanical
properties of a welded joint. The prime source of porosity
is a lack of cleanliness. Be sure the joint is clean before
welding.




[image: image22.png]Porosity may be minimized by using proper welding
current, travel speeds, and arc lengths. When using low-
hydrogen electrodes, the welder should use relatively high
welding currents and shorter arc lengths. The arc should
be struck quickly and accurately, then immediately re-
duced to the required short length. Otherwise, cluster
porosity will result at that point. Also, moisture content of
the electrode covering must be kept low, and the weld
areas must be dry and clean to keep porosity to the
minimum.

Normally, the presence of a very thin coat of special
priming paint is not objectionable. When the submerged
arc process or low hydrogen electrodes are used, some
specifications prohibit paint on the surfaces to be welded
or require welding procedures to be qualified.

5.5.6 Cracking. Cracking of welded joints is a result
of high, localized stress. Cracks may arise from various
types of welding discontinuities, or improper welding
conditions, such as too rapid cooling from the welding
temperature, or unfavorable joint geometry. Additional
precautions must be taken to avoid cracking under condi-
tions involving thick sections of plates and highly re-
strained joints. Unless precautions are taken, cracking is
more likely to occur during cold weather. Some precau-
tions are the use of low-hydrogen electrodes, preheat,
heat-confining procedures (such as cascade or backstep
welding), and postheat.

Failure toback gouge adequately and clean the root pass
ofagroove weld willleave slag or voids in the weld, which
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weaken the joint and may cause cracking. To permit
complete joint penetration, the root should be cleaned to
sound weld and base metal. When the root opening is too
great, the large amount of weld metal required to fill the
root and the resultant excessive shrinkage may cause
cracking. Metal should be built up on one or both sides to
reduce the gap before the jointis bridged. Build up of plate
edges in out-of-position welds in thin material can create
defects. Metal backing, removed after welding, or ceram-
ic backing should be used to provide support for root
passes on gaps up to 1/4 in. (6 mm). In other cases, where
multiple build-up passes are required, metal or ceramic
backing is recommended. Cracked tack welds can also be
a source of trouble if they are not removed.

Several types of cracks, classified by location and
orientation, are shown in Figure 49. Weldment cracks may
be classified by their location in the weldment. The
different locations are weld metal, fusion line, and heat-
affected zone. Weld metal cracks can be further classified
ascrater cracks, root cracks, or centerline cracks. The term
root crack is also applied to heat-affected-zone cracks
located at the root of the weld. A second specific type of
heat-affected zone crack is an underbead crack, which is
located in the heat-affected zone close to the fusion line
and generally does not extend to the surface.

Lamellar Tearing, as shown in Figure 49, refers to a
type of cracking which occurs within the plate below the
weld and heat-affected zone. Lamellar tearing is associ-
ated with strains (created by welding shrinkage) which
tend to pull the plate apart in the thickness direction, the
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LAMELLAR TEARS

Figure 49—Typical Weldment Cracks




[image: image23.png]weakest direction of the plate. The cracks are parallel to
the plate surface and have a characteristic stepped, lamel-
lar appearance. Usually, these cracks develop during
welding of highly restrained thick plates. The use of lower
sulfursteel in recent years and introduction of nonmetallic
inclusion shape control in the steel making process has
greatly reduced the susceptibility of lamellar tearing in
welded structures.

5.5.7 Overlap. Overlap is a sharp surface connected
discontinuity that forms a severe mechanical notch, be-
cause the weld metal protrudes or flows beyond the toe or
face of the weld without fusion. It is usually caused by
incorrect welding procedures, wrong selection of welding
materials, or improper preparation of the base metal prior
to welding. If lightly adhering oxides on the base metal
interfere with fusion, overlap will result along the toe,
face, orroot of the weld. Welds shall be free from overlap.
It can be repaired by removing excess weld metal and
carefully restoring an acceptable weld profile.

5.6 Repair of Defects. Extensively cracked sections of
plating may need to be removed and replaced. The
removal of large sections of plates or entire plates because
of asmall crack or defect is not justified. However, alarger
area of plate should be renewed where fatigue is indicated
by multiple fractures, star shaped fractures, or the fracture
surface appears to have chevrons running along the sur-
face. If proper welding procedures are followed in the
repair, there is no need to renew more than approximately
3 ft (1 m) of plate near a defect, provided the remainder of
the plate is sound.

If a plate crack is discovered, especially when the ship
is afloat, a carefully located hole should be drilled imme-
diately at the end of the crack to arrest its progress. Unless
an inspection method such as magnetic particle or x-ray
determines the end of the crack, the hole is usually drilled
slightly beyond the visual crack on the surface since the
portion of the crack at the plate mid-thickness may extend
ashort distance beyond the end portion of the crack as seen
on the surface. A general rule of thumb for the drilled hole
size is 1/2 the plate thickness, but not less than 3/8 in.
(9.5 mm). The defective area should then be repaired with
complete joint penetration groove weld.

Peening should not be used for correcting defective
welds because it will not remove the defect’s potential
danger as a crack starter. Any crack found in a weld should
be completely removed before repair is made.

Deep scars must be repaired by welding and grinding
flush. Shallow scars can be faired in by grinding, provided
the thickness is not reduced below acceptable limits. Scars
left by removing clips with a maul can be troublesome,
especially in the higher strength steels. The deep scars are
created by the clip weld metal pulling out a portion of the
plate surface. It is much better to remove clips by chipping
or air arc gouging and grinding flush. Sometimes, clips or
temporary pads are simply cut off approximately 1/8 in.
(3 mm) from the plate surface without further treatment.

5.7 Air Carbon Arc Process, Although used for other
purposes, the air carbon arc process is often used in the
repair of welds and cracks in ship structure. The principle
of the air carbon arc process is the striking of an electric
arcbetween a carbon graphite electrode held in a specially
designed torch, and the simultaneous removal of the
molten metal by a blast of compressed air from nozzles
contained in the head of the torch. (See Figure 50.)

The major applications for the process are (1) removal
of cracked welds, (2) gouging out cracks in ships’ struc-
tures, (3) “U” groove preparation of seams for welding,
and (4) back gouging the roots of welds. Another common
use is the removal of fillet welds from pad eyes, strong
backs, and other temporary fabrication aids.

Most of the work is done with manual torches and
3/16 in. (5 mm), 1/4in. (6 mm), 5/16 in. (8 mm). and some
3/8 in. (9 mm) diameter pointed dc electrodes (see Fig-
ure 50). AC electrodes are available, if required. Auto-
matic torches capable of producing “U” grooves with a
depth tolerance of 3/64 in. (+ 1 mm) can be mounted on
heavy-duty carriages for flat work, such as deck plates, or
onall position travel carriages for vertical, horizontal, and
overhead applications (see Figure 51). Standard acand dc
constant current power sources can be used for all elec-
trode sizes, whereas dc constant voltage power sources are
recommended for 1/4 in. (6 mm) and larger electrode
diameter sizes.
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Figure 51 – Air Carbon Arc Torch Mounted on Carriage for Flat Work

[image: image25.png]6. Stray Current Protection*
6.1 Underwater Corrosion

6.1.1 Underwater hull and shaft corrosion is mainly
attributable to improper hookup of welding leads while
work is being performed on ships which are waterborne.
Corrosion resulting from improper weld-lead hookup is
induced through electrolytic action by stray electrical
currents.

6.1.2 Corrosion of a ship hull may result from other
sources of direct currents. If a grounded neutral (negative
ground in Edison 3-wire system) leg of a three-wire direct
current system, used to supply power to the ship, is
grounded permanently or accidently on the ship, current
flow will result, as shown in Figure 52.

6.2 Current Flow. Current flow is caused by the differ-
ence in electrical potential between any two localities.
Even though the path through water offers greater resist-
ance to current flow than adjoining electric ground (work
lead) cable, water still will carry a fraction of the current
and create an undesirable condition. See Figure 53.

6.3 Welding Equipment Requirements. To prevent
possible serious damage to electrical and ordnance
equipment, and pitting of ship structure, special require-
ments for welding on ships, both waterborne and in dry or
floating docks, shall be used. The requirements are as
follows:

(1) Each ship should have a separate welding current
power source.

(2) Work lead of any welding generator shall never be
connected to anything but the ship the generator is serving,.

(3) Work and electrode leads shall be completely
insulated and not permitted to drop overboard into the
water.,’

(4) The frame or case of the welding machine shall be
connected to a safety electric ground cable according to
the methods prescribed in the National Electrical Code
(primary side). This is shown in Figures 56-60 as the
equipment ground and shall be electrically isolated from
the ground (work lead) terminal on the generator or
rectifier.

4. These data are excerpted from NAVSEA $9086-CH-STM-
010/CH-074 VI.

5. The return side of the circuit, called the ground connection
in shipbuilding, is the work lead, so defined in ANSI/AWS
A3.0, Standard Welding Terms and Definitions.

6.4 Grounding (Work Lead) Connections. Histori-
cally, the term ground has been used to refer to the work
lead andits connections; this is unfortunate. The use of the
term to mean work lead or work connections is mis-
leading. Ground in the National Electrical Code means
“...a conducting connection, whether intentional or acci-
dental, between an electrical circuit and the earth, or some
conducting body that servesin place of the earth.” American
National Standard Z49.1 states, in part,in11.3.2.1, “...The
work lead is not the ground lead.” Shipyard jargon contin-
ues to perpetuate the misleading usage of the term ground.
We have attempted to correct this situation in the follow-
ing paragraphs.

6.4.1 Cable Lugs. Grounding (work lead) cable lugs
shall be secured tightly to grounding (work lead) plates.
The lug contact area shall be cleaned thoroughly to base
metal. Resistance of the connection should be amaximum
of 125 micro-ohms for each connection; voltage drop
across the connection should be a maximum of 62.5 milli-
volts for a current of 500 amps except as outlined in
paragraph 6.4.2.

6.4.2 Electrical measurement at lug contact area need
not be made on board ships which are part of the forces
afloat, provided welding is to be accomplished using a
single-operator dc machine using shipboard power. All
other rules of grounding (work lead connection) given in
6.3 through 6.4 shall be strictly enforced.

6.4.3 Cable Size. Cross-sectional areas of return
ground cable (work lead) should be one million circular
mils minimum for each 1000 amps for each 100 feet. One
ormore cables, connected in parallel, may be used to meet
the minimum cross-sectional area requirement, A nomo-
graph showing required cable size for ground (work lead)
return leads is presented in Figure 54.

6.4.4 Manufacturers’ recommendations for electrode
lead-cable size shall be used. Lead-cable size is approx-
imately 500 000 circular mils for each 1000 amps for each
100 feet. A nomograph showing copper electrode lead-
cable size is presented in Figure 55.

6.4.5 Resistance. Resistance between welding (work
lead) ground cable and the welding machine case should
not be less than 0.1 megohms when the machine is not
connected to the ship. Resistance less than 0.1 megohms
will indicate improper insulation of the welding (work
lead) ground cable, or a need to clean the welding
machine.

6.4.6 Welding Unit Arrangements. Combinations
of welding unit arrangements with correct and incorrect
grounding (work lead) connections are shown in Figures
56 through 60. These figures represent common arrange-
ments and errors in making welding machine connections.
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6.4.7 Details for making provisions for welding (work
lead) grounding connections on steel surface ships and
submarines are shown in Figures 61 and 62.

6.4.8 These minor modifications for welding ground-
ing (work lead) connections can be accomplished when
authorized by the U.S. Navy supervisors. Because electri-
cal currents have the tendency of running to structural
points, two grounding (work lead) cables should be used
when multiple operator sets are being used or welding is
necessary in several locations throughout the vessel. The
grounding (work lead) cables should be located as close to
the bow and stern as practical.

6.4.9 For ships constructed of nonmagnetic materials,
ground-return (work lead) cable shall be connected
directly tothe component being welded. Work lead cables
shall be located as close to the weld zone as possible.

6.5 Special Precautions

Note: For welding on or near electrical equipment, ma-
chinery, or ordnance equipment, special precautions
shall be observed. Precautions listed in 6.5.1 through
6.5.5 shall be followed for welding equipment electrical
connections when welding on or near electrical or loaded
ordnance equipment.

6.5.1 Welding Current. Electrical equipment (case)
grounding straps on electrical equipment, machinery, and
ordnance equipment have not been designed for, and shall
not be used as, welding ground (work lead) returns.
Welding current shall not be allowed to pass through
bearings (ball, roller, or brushing type) to return to grounds
such as gun mounts, motors, and lathes.

6.5.2 Splitting Ground-Return (Work Lead)
Cables. When welding on piping which leadsintoloaded
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Figure 61 —Hookup for Ships in Dry or Graving Dock

ordnance equipment areas, ground-return (work lead)
cables should be split into two equal ground-return cables,
connected to the pipe on each side of the welding areas,
andlocated as close to the area as possible. If pipe hangers
orbranch pipes are located between the dual ground (work
lead) connections, additional split-ground connections
should be provided to such items. A maximum distance of
10 feet should be maintained between connectors and
work. See ANSI/ASC Z49.1, Safety in Welding and
Cutting, latest edition, for additional restrictions.

6.5.3 Resistance Checks. Ensure adequacy of
ground-return (work lead) cable connections between
ship hulls and power source by checking resistance of the
connection, which shall be a maximum of 125 micro-
ohms for each connection, or the voltage drop across the
connection should be a maximum of 25 millivolts for a
current of 200 amps.

6.5.4 Ensure that ground-return (work lead) cables
are adequate for amperage and distance involved (see
Figure 54).

6.5.5 Precautionary measures outlined in manufac-
turers’ equipment manuals and other documents should
be observed when welding on or near electrical equip-
ment. These measures should be observed because the
induced magnetic field produced by welding may damage
electrical equipment.

6.5.6 Location of Ground-Return (Work Lead)
Cables. When welding on systems such as piping, pres-
sure vessels, or machinery, the ground-return (work lead)
cable connection should be located as close to the work as
possible. This ensures that welding current does not flow
through bearings, threaded joints, and other areas where
arcing could occur. Cable connections should be no
farther than 10 feet from work.




[image: image34.png][
N e |

WATERWAY BAR

[l H I I L
I LI 1] 1 L ]

90 80 70 60 50
WATERWAY BAR

MAIN DECK STEEL HULL

NOTES:

1. LOCATE HOLES IN AREAS INDICATED BY ARROWS.

2. ON STEEL HULLS WITH NO WATERWAY BAR, DRILL HOLES IN DECK COAMINGS.

3. CLEAN LUG CONTACT AREA TO BARE METAL WHEN WORKPIECE CONNECTIONS ARE
MADE. (WHEN WORKPIECE CONNECTIONS ARE BROKEN, THE AREA SHALL BE PAINTED

TO MATCH THE SURROUNDING DECK.)
4. WITHIN 6 INCHES OF LUG CONTACT AREA, PAINT IN BLACK, 3/4 INCH HIGH LETTERS:

WORKPIECE CONNECTION AREA.

e— 1-7/16 in. — 17/32 in. DIAMETER DRILL
/ THROUGH TWO HOLES
3/4i |n +1/16in.

! (] l Il
VAN

WATERWAY ]
BAR
v B
MAIN DECK

TYPICAL HOLE SPACING, GROUNDING LUG ATTACHMENT

NOTES:
1. HOLES ARE TO BE DRILLED AT LOCATIONS SHOWN ABOVE.
2. WHERE POSSIBLE, MODIFY AND UTILIZE EXISTING HOLES IN WATERWAY BARS.

Figure 62—Grounding (Work Lead) Connections on Steel Surface Ships




[image: image35.png]7. Safety

7.1 Intreduction. Inwelding,safety precautionsalways
apply to the process being used, the equipment, the
welder’s physical and mental condition, the type and
condition of the welder’s clothing, shop or yard condi-
tions, and other factors. Welding safety also is affected by
the material being welded which may generate hazardous
fumes and gases.

Before starting to weld, be sure the area is well venti-
lated, and the welder has the correct personal protective
equipment including respirator, eye, ear and body protec-
tion as required by government regulations or company
safety procedures, or both, and that the welder is wearing
this equipment properly. Protect the welder and those who
are in or who could enter the work area.

When welding or other hot-working operations are to
be performed in areas not normally assigned for such
operations or in or adjacent to spaces where hot work
could cause a fire or explosion, a hot-work permit
system and a trained fire watch should be used. The pur-
pose of this system is to alert supervisors and workers
to an extraordinary danger of fire and explosion that can
exist at a particular time and place. The system should
have a check list of precautions that should include an
examination of the area or space by a marine chemist, as
outlined in 29 CFR 1915, Subpart B — Explosive and
other Dangerous Atmospheres, or other cognizant party to
determine that hot work can take place. A notice that hot
work is permitted should be prominently displayed in the
area or at the entrance to the space. Safety instructions
should also be given to personnel in the area who are not
involved in the hot work.

7.2 Fumes and Gases. Many welding, cutting and allied
processes produce fumes and gases which may be harmful
to health. Fumes are solid particles which originate from
welding consumables, the base metal, and any coatings
present on the base metal. Gases are produced during the
welding process or may be produced by the effects of
process radiation on the surrounding environment, The
amount and composition of these fumes and gases depend
upon the composition of the filler metal and base material,
welding process, currentlevel, arclength and other factors.
The possible effects of over-exposure range from irri-
tation of eyes, skin, and respiratory system to more severe
complications. Effects may occur immediately or at some
later time. Fumes can cause symptoms such as nausea,
headaches, dizziness, and metal fume fever. The possibil-
ity of more serious health effects exists when especially
toxic materials are involved. In confined spaces, the gases
might displace breathing air and cause asphyxiation.
Use enough ventilation, exhaust at the arc, or both, to
keep fumes and gases from the breathing zone and general

area. In some cases, natural air movement will provide
enough ventilation. Where ventilation may be question-
able, air sampling should be used to determine if correc-
tive measures should be applied. The welder should at all
times endeavor to keep his head out of the fume plume.

Refer to the following sources for more detailed infor-
mation on fumes and gases produced by the various
welding processes:

(1) Thepermissible exposure limits required by OSHA
can be found in CFR Title 29, Chapter XVII, Part 1910,
OSHA General Industry Standards, available from the
Superintendent of Documents, U.S. Government Printing
Office, Washington, D.C. 20402.

(2) The recommended threshold limit values for these
fumes and gases may be found in Threshold Limit Values
for Chemical Substances and Physical Agents in the
Workroom Environment, published by the American Con-
ference of Governmental Industrial Hygienists (ACGIH),
6500 Glenway Avenue, Building D-5, Cincinnati, Ohio
45211.

(3) The results of an AWS-funded study are available
in the report entitled Fumes and Gases in the Welding
Environment, published by the American Welding Society,
550 N.W. LeJeune Rd., Miami, FL 33126.

7.3 Radiation. Welding, cutting and allied operations
may produce radiant energy (radiation) harmful to health.

Radiant energy may be ionizing (such as x-rays) or
nonionizing (such as ultraviolet, visible light, or infrared).
Radiation can produce a variety of effects such as skin
burns and eye damage, depending on the radiant energy’s
wavelength and intensity, if excessive exposure occurs.

The intensity and wavelengths of nonionizing radiant
energy produced depend on many factors such as the
process, welding parameters, electrode and base metal
composition, fluxes, and any coating or plating on the base
material. Most arc welding and cutting processes (except
submerged arc when used properly), laser welding and
torch welding, cutting, brazing, or soldering can produce
quantities of nonionizing radiation such that precaution-
ary measures are necessary.

Protection from possible harmful effects caused by
nonionizing radiant energy from welding include the
following measures:

(1) Donotlook at welding arcs except throughwelding
filter plates which meet the requirements of Z87.1, Prac-
tice for Occupational and Educational Eye and Face
Protection, published by American National Standards
Institute.

(2) Protect exposed skin with adequate gloves and
clothing as specified in ANSI Z49.1, Safety in Welding
and Cutting, published by the American Welding Society.

(3) Beware of reflections from welding arcs, and pro-
tect all persons from intense reflections. (Note: Paints
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dioxide have a low reflectance for ultraviolet radiation.)

(4) Avoidexposing passersby towelding operationsby
use of screens, curtains, or adequate distance from aisles,
walkways, etc.

(5) Safety glasses with UV protective side shields have
been shown to provide some beneficial protection from
ultraviolet radiation produced by welding arcs.

7.4 Electrical Hazards. Electric shock can kill. How-
ever, it can be avoided. Do not touch live electrical parts.
Read and understand the manufacturer’s instructions and
recommended safe practices. Faulty installation, im-
proper grounding, and incorrect operation and mainte-
nance of electrical equipment are all sources of danger.

Ground all electrical equipment and the workpiece., The
work lead is not a ground lead. It is used only to complete
the welding circuit. A separate connection is required to
ground the workpiece. Do not mistake the work lead for
a ground connection.

Use the correct cable size, since sustained overloading
will cause cable failure and result in possible electrical
shock or fire hazard. Make sure all electrical connections
are tight, clean and dry. Poor connections can overheat
and even melt. Further, they can produce dangerous arcs
and sparks. Do not allow water, grease or dirt to accumu-
late on plugs, sockets, or electrical units. Moisture can
conduct electricity. To prevent shock, keep work area,
equipment, and clothing dry at all times. Wear dry gloves,
rubber soled shoes, or stand on a dry board or insulated
platform.

Keep cables and connectorsin good condition. Improper
or worn electrical connections may set up conditions that
could cause electrical shock or short circuits. Do not use
worn, damaged, or bare cables. Avoid open circuit voltage.

When several welders are working with arcs of different
polarities, or when a number of alternating current ma-
chines are being used, the open circuit voltages can be
additive. The added voltages increase the severity of the
shock hazard.

In case of electric shock, turn off the power. If the
rescuer must resort to pulling the victim from the live
contact, use nonconducting materials. If the victim is not
breathing, administer cardiopulmonary resuscitation (CPR)
as soon as contact with the electrical source is broken. Call
a physician and continue CPR until breathing has been
restored or until a physician has arrived. Treat electrical
burns as thermal burns; that is, apply clean, cold (iced)
compresses. Prevent contamination and cover with a
clean, dry dressing. Call a physician.

7.5 FirePrevention. Molten metal, sparks, slag, and hot
work surfaces are produced by welding, cutting, and allied
processes. These can cause fire or explosion if precau-
tionary measures are not used.

Many of the fires associated with welding, cutting, and
applied processes have been caused by sparks which can
travel up to 35 ft (10.7 m) in a horizontal direction from
the work area. Sparks can pass through or become lodged
in cracks, clothing, pipe holes, and other small openings
in floors or partitions. (Note: sparks and molten metal can
travel] greater distances when falling.)

Typical combustible materials commonly involved in
the fires are floors, partitions, roofs, and building contents
such as wood, paper, clothing, plastics, chemical and
flammable liquids and gases. Outdoors, the combustible
materialsinvolved are dry leaves, grass, and brush. Explo-
sions have occurred where welding or cutting has been
performed in spaces containing flammable gases, vapors,
liquids, or dusts.

Remove any combustible material from the work area.
Where possible, move the work to a location well away
from combustible materials. If neither action is possible,
protect combustibles with a cover of fire resistant mate-
rial. Remove or make safe all combustible materials for a
radius of 35 ft (10.7 m) around the work area. All open
doorways, windows, cracks, and other openings should be
covered or blocked with fire resistant material.

If possible, enclose the work area with portable fire
resistant screens. Protect combustible wall, ceilings, etc.
from sparks and heat with fire resistant covers. If work is
to be performed on a metal wall, ceiling, etc., prevent
ignition of combustibles on the other side by moving the
combustibles to a safe location. If this cannot be done,
designate someone to serve as a fire watch, equipped with
a fire extinguisher during the welding operation and for
one half-hour after welding is completed. At the expira-
tion of one half-hour after completion of welding, an
inspection of the area should be made.

Welding or cutting should not be performed on material
having a combustible coating or combustible internal
structure, as in walls or ceilings, without an approved
method for eliminating the hazard. Do not dispose of hot
slag in containers holding combustible material. Keep a
fire extinguisher nearby. Make a thorough examination
for evidence of fire. Remember that easily visible smoke
or flame may not be present for some time after the fire has
started.

Overloading and improper sizing can cause overheat-
ing of electrical equipment. Be sure all electrical equip-
ment and wiring is installed properly with recommended
circuit protection.

Be sure the work cable is connected to the work as close
to the welding areas as practical. Work cables connected
to locations some distance from the welding area increase
the possibility of the welding current passing through
lifting chains, crane cables or other alternate circuits. This
can create fire hazards or overheat lifting chains or cables
until they fail.
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ously reactive or flammable gases, vapors, liquids, or dust.
Do not apply heat to a container that has held an unknown
substance or a combustible material whose contents when
heated knee produce flammable or explosive vapors. Heat
should not be applied to a workpiece covered by an
unknown substance or whose coating can produce flam-
mable, toxic, or reactive vapors when heated. Adequate
procedures should be developed and proper equipment
used to do the job safely. Provide adequate ventilation in
work areas to prevent accumulation of flammable gases,
vapors, or dusts. Clean and purge containers before apply-
ing heat,

Closed containers, including castings, should be vented
before preheating, welding or cutting. Venting will pre-
vent the buildup of pressure and possible explosion due to
the heating and the resultant expansion of gases.

7.6 OSHA Regulations. The OSHA regulations that
govern shipbuilding, ship breaking, and ship repairing
safety practices are found in the Code of Federal Regula-
tions, Title 29, Chapter XVII, Part 1915, Shipyard Em-
ploymentSafety Standards (Proposed) 1988, which covers
all occupational safety and health standards for shipyard
employment, and Subpart D deals with welding, cutting,
and heating in situations involving shipyard personnel.
Title 29CRF 1910-Subpart Q, Welding, Cutting and
Brazing for General Industry nolonger applies to shipyard
work, but it is applicable to the manufacture of shipyard
components in other manufacturing plants,

This technical document does not address all welding
safety and health hazards. However, pertinent informa-

tion can be found in Appendix C and in the following
documents:$

(1) National Electric Code, published by the National
Fire Protection Association.

(2) Practice for Occupational and Educational Eye
and Face Protection, ANSI Z87.1, published by the
American National Standards Institute.

(3) Safety in Welding and Cutting, ANSI Z49.1, pub-
lished by the American Welding Society.

(4) Standard for the Installation and Operation of
Oxygen-Fuel Gas Systems for Welding and Cutting, NFPA
No. 51, published by the National Fire Protection
Association.

(5) Standard for Fire Prevention in the Use of Cutting
and Welding Processes, NFPA No. 51B, published by the
National Fire Protection Association,

(6) Threshold Limit Values for Chemical Substances
and Physical Agents in the Workroom Environment, pub-
lished by the American Conference of Governmental
Industrial Hygienists.

(7) Standard Welding Terms and Definitions, AWS
A3.0, published by the American Welding Society.

(8) Manufacturers’ safety literature on equipment and
materials.

(9) Other pertinent documents as appropriate.

These documents shall be referred to and followed as
required.

Each shipyard, welding contractor, and the owners
must determine independently whether or not the safety
precautions referenced in the publications identified in
section 7 and Appendix C are adequate.
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Glossary

(This Appendix is not a part of ANSI/AWS D3.5-93, Guide for Steel Hull Welding, but is included for information

purposes only.)

Shipbuilding Terms

beam. Anymain membersupporting deck plating. Beams
usually run from side to side of a vessel and are fastened
to the frames.

bulb angle. A rolled structural steel member with a large
mconcentration of metal, or a “bulb” at the toe of one
leg of the angle. When used as a plate stiffener, the leg
with the bulbis usually the outstanding leg. It has a high
moment of inertia-to-weight ratio.

bilge. The rounded portion of a vessel’s shell which
connects the bottom with the sides.

bulkhead. A term applied to any of the partition walls
used for subdividing the interior of a ship or marine
vessel into the various compartments. Some serve as
strength members of a ship’s structure and as a barrier
to liquids or fluids passing from one compartment to
another.

bulwark. A term applied to the strake of shell plating
above a weather deck.

butt. The end of a plate, structural shape, or pipe which
comes squarely against the end of another plate, struc-
tural shape, or pipe or the joint thus formed. A BUTT
is a transverse or vertical plate edge connection in the
shell, bulkhead or deck plating. A BUTT is perpen-
dicular to a seam (see also butt joint and seam).

butt joint. In United States shipbuilding the term butt
joint is used as defined in ANSI/AWS A3.0: A joint
between two members aligned approximately in the
same plane. In shipbuilding the term butt weld is

applied both to ends of plates (butts) and to lengthwise
edge joints of plating (seams).

coamings, hatch. Raised framework about deck open-
ings. Coamings prevent water from running below, and
strengthen the deck around the hatch.

‘deck. A deck corresponds to a floor in a building.

fashion plate. A transition piece used to avoid abrupt
structural discontinuities where high stresses in decks
and strakes must be transferred to ship’s main hull
girder as in transfer from super structure to main deck
or sheerstrake.

floor. A plate placed vertically in the bottom of a ship,
usually on every frame running from bilge to bilge.

frame. A term used to designate one of the transverse
members that make up the riblike part of the skeleton
of a ship.

girder. Onships, this term is generally applied to contin-
uous beams running in a fore and aft direction under the
decks which support deck beams and decks.

hold. Space or compartment below decks allotted for the
storage of cargo.

hull. The structural body of a ship including shell plating,
framing, decks, bulkheads, etc.

hull girder. That part of the hull structural material
effective in the longitudinal strength of the ship as a
whole, which may be treated as analogous to a girder.

innerbottom. Plating forming the top of the double
bottom also called the tank top.
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to the member which is cut at the intersection of two
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keel. A centerline strength member running fore and aft
along the bottom of the ship.

longitudinal. Fore and aft member attached to the under-
side of decks or flats or to the inboard side of shell
plating.

seam. Fore and aft butt joint of shell plating, deck and
tank top plating, or a lengthwise edge joint of any
plating. A seam is perpendicular to a butt; (see also
butt, butt joint, and seam weld).

seamweld. (From ANSI/AWS A3.0) A continuousweld
made between or upon overlapping members, in which
coalescence may start and occur on the faying surfaces
or may have proceeded from the surface of one mem-
ber. The continuous weld may consist of a single weld
bead or a series of overlapping spot welds.

stanchion. Vertical column supporting decks, flats and
girders.

strake. A continuous row of shell, deck, bulkhead or
other plating, for example:

bilge strake. A strake of the outside plating running in
way of the bilge.

sheer strake. The strake of shell plating that runs
along the level of the main deck.

strength deck. The deck that is designed as the upper-
most part of the main hull longitudinal strength girder.

strongback. A piece of plate or special tool used to align
the edges of plates to be welded together.

Steel Terms

alloy steel. Steel is considered to be an alloy steel when
either (1) the maximum of the range given for the
content of alloying elements exceeds one or more of the
following: manganese 1.65, silicon 0.60, copper 0.60;
or (2) a definite range or definite minimum quantity of
those elements considered as alloys is specified.

annealing. A thermal cycle involving heating to and
holding at a suitable temperature and then cooling at a
suitable rate for such purposes as reducing hardness,
improving machinability, facilitating cold working,
producing a desired microstructure, or obtaining de-
sired mechanical or other properties.

carbon steel. By common custom, steel is considered to
be carbon steel when no minimum content is specified
or required for aluminum, boron, chromium, cobalt,
columbium, molybdenum, nickel, titanium, tungsten,

vanadium, zirconium or any other element added to
obtain a desired alloying effect; when the specified
minimum for copper does not exceed 0.40%; or when
the maximum content specified forany of the following
elements does not exceed the percentages: manganese
1.65, silicon 0.60, copper 0.60. Small amounts of
alloying elements may be present and are considered as
incidental.

controlled cooling. A process by which steel is cooled
from an elevated temperature in a predetermined man-
ner to avoid hardening, cracking, orinternal damage, or
to produce desired microstructure or mechanical
properties.

controlrolling. Arollingpractice thatimproves mechan-
ical properties by controlling the related parameters of
time-temperature and deformation.

creep. A time-dependent deformation of steel occurring
under conditions of elevated temperature accompanied
by stress intensities well within the apparent elastic
limit for the temperature involved.

ductility. The ability of a material to deform plastically
without fracturing, usually measured by elongation or
reduction of area in a tension test, or, for flat products
such as sheet, by height of cupping in an Erichsen test.

elastic limit. The greatest stress that a material can
withstand without permanent deformation.

elongation. A measure of ductility, determined by the
amount of permanent extension achieved by a tension-
test specimen, and expressed as a percentage of that
specimen’s original gage length (such as 25% in 2 in.).

full annealing. A thermal treatment for steel with the
primary purpose of decreasing hardness. It is accom-
plished by heating above the transformation range,
holding for the proper time interval, and controlled
slow cooling to below that range. Subsequent cooling
to ambient temperature may be accomplished either in
air or in the furnace.

grain size number. An arbitrary number which is calcu-
lated from the average number of individual crystals, or
grains, which appear on the etched surface of a speci-
men at 100 diameters magnification.

hardness. The resistance of a material to plastic defor-
mation. Usually measured in steels by the Brinell,
Rockwell, or Vickers indentation-hardness test methods.

high strength, low alloy steels. A specific group of
steels with chemical compositions especially devel-
oped to impart higher mechanical properties and in
certain instances improved atmospheric corrosion re-
sistance relative to conventional carbon steel. It is
not considered to be an alloy steel as previously
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impact test. A test for determining the ability of a steel
to withstand high-velocity loading, as measured by the
energy, in ft-1b, which a notched-bar specimen absorbs
upon fracturing.

mechanical properties. Properties whichrevealthereac-
tions, elastic and inelastic, of a material to applied
forces. Sometimes designated erroneously as “physical
properties.” Physical properties are the structure-
insensitive properties such as density, thermal conduc-
tivity, electrical conductivity, etc. Mechanical properties
arestructure-sensitive properties such astensile strength,
yield strength, Charpy V-notch energy, etc.

notch toughness. An indication of a steel’s capacity to
absorb energy when a stress concentrator or notch is
present.

normalizing. A thermal treatment consisting of heating
to a suitable temperature above the transformation
range and then cooling in still air. Usually employed to
improve toughness or machinability, oras a preparation
for further heat treatment.

quenching and tempering. A thermal process used to
increase the hardness and strength of steel. It
consists of austenitizing, then cooling at a rate suffi-
cient to achieve partial or complete transformation to
martensite. Tempering should follow immediately, and
involves reheating to a temperature below the trans-
formation range and then cooling at any rate desired.
Tempering improves ductility and toughness but re-
duces the quenched hardness by an amount determined
by the tempering temperature used.

reduction of area. A measure of ductility determined by
the difference between the original cross-sectional area
of a tension test specimen and the area of its smallest
cross section at the point of fracture. Expressed as a
percentage of the original area.

strain aging. Deformation of rimmed or capped steel
followed by storage of several days at slightly higher
than room temperature for the purpose of increasing the
yield and tensile strengths.

stress relieving. A thermal cycle involving heating to a
suitable temperature, usually 1000° to 1200°F, holding
long enoughto reduce residual stresses from either cold
deformation or thermal treatment, and then cooling
slowly enough to minimize the development of new
residual stresses.

tensile strength. The maximum tensile stress in pounds
per square inch which a material is capable of sustain-
ing, as developed by a tension test.

thermal treatment. Any operationinvolvingthe heating
and cooling of a metal or alloy in the solid-state to
obtain the desired microstructure or mechanical
properties.

toughness. An indication of a steel’s capacity to absorb
energy that is related to the area under the true stress-
strain curve.

transformation ranges. Those ranges of temperatures
within which austenite forms during heating and trans-
forms during cooling.

transformation temperature. The temperature at
which a change in phase occurs. The term is some-
times used to denote the limiting temperature of a
transformation range.

yield point. The minimum stress at which a marked
increase in strain occurs without an increase in stress as
indicated by a sharp knee in the stress-strain curve.

yield strength. The stress at which a material exhibits a
specified deviation from the proportionality of stress to
strain. The deviation is expressed in terms of strain, and
in the offset method, usually a strain of 0.2 percent is
specified.

Welding Terms

active flux. (submerged arc welding). A flux which
contains small amounts of manganese or silicon, or
both, added to improve the weld in certain single-pass
applications. Change in arc voltage or the number of
weld passes can significantly change weld-metal chem-
istry and mechanical properties.

alloy flux. (submerged arc welding). A flux which con-
tains alloy ingredients intended to modify the weld
metal chemistry. Changes in arc voltage can signifi-
cantly change weld metal chemistry.

all-weld-metal test specimen. A test specimen with the
reduced section composed wholly of weld metal.

arc gouging. An arc cutting process variation used to
form a bevel or groove.

as-welded. The condition of weld metal, welded joints,
and weldments after welding, but prior to any subse-
quent thermal, mechanical, or chemical treatments.

backgouging. Theremoval of weld metal and base metal
from the other side of a partially welded joint to
facilitate complete fusion and complete joint penetra-
tion upon subsequent welding from that side.

backing. A material or device placed against the back
side of the joint, or at both sides of a weld in electroslag
and electrogas welding, to support and retain molten
weld metal. The material may be partially fused or
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backing weld. Backing in the form of a weld.

complete fusion. Fusion which has occurred over the
entire base material surfaces intended for welding and
between all adjoining weld beads.

complete joint penetration. A penetration by weld
metal for the full thickness of the base metal in a joint
with a groove weld.

complete joint penetration groove weld. A groove
weld which has been made from both sides or from one
side on a backing having complete penetration and
fusion of weld and base metal throughout the depth of
the joint.

consumable guide electroslag or electrogas welding.
An electroslag or electrogas process variation in which
filler metal is supplied by an electrode(s) and its (their)
guiding member (s).

continuous weld. A weld thatextends continuously from
one end of a joint to the other. Where the joint is
essentially circular, it extends completely around the
~ joint.

crater. A depression at the termination of a weld bead.

defect. A discontinuity or discontinuities that by nature
or accumulated effect render a part or product unable
to meet minimum applicable acceptance standards or
specifications. This term designates rejectability.

discontinuity. An interruption of the typical structure of
a weldment such as a lack of homogeneity in the
mechanical or metallurgical or physical characteristics
of material or weldment. A discontinuity is not neces-
sarily a defect.

electrogas welding (EGW). Anarcwelding process that
produces coalescence of metals by heating them with an
arcbetween a continuous filler metal electrode, and the
weld pool and work. Molding shoes are used to confine
the molten weld metal for vertical position welding.
The electrodes may be either flux cored or solid.
Shielding may or may notbe obtained from an externally
supplied gas or mixture.

electroslag welding (ESW). A welding process that
produces coalescence of metals with molten slag that
melts the filler metal and the surfaces of the workpieces.
The weld pool is shielded by this slag which moves
along the full cross section of the joint as welding
progresses. The process is initiated by an arc that heats
the slag. The arcis then extinguished by the conductive
slag, which is kept molten by its resistance to electric
current passing between the electrode and the
workpieces.

flat position. The welding position used to weld from the
upper side of the joint when the face of the weld is
approximately horizontal.

flaw. A near synonym for discontinuity, but with an
undesirable connotation.

flux. A material used to hinder or prevent the formation
of oxides and other undesirable substances in molten
metal and on solid metal surfaces, and to dissolve or
otherwise facilitate the removal of such substances.

flux cored arc welding (FCAW). An arc welding proc-
ess that produces coalescence of metalsby heating them
with an arc between a continuous filler metal electrode
and the work. Shielding is provided by a flux contained
within the tubular electrode. Additional shielding may
or may not be obtained from an externally supplied gas
or gas mixture.

fusion. The melting together of filler metal and base
metal (substrate), or of base metal only, which results
in coalescence.

gas metal arc welding (GMAW). An arc welding proc-
essthat produces coalescence of metals by heating them
with an arc between a continuous filler metal electrode
and the workpiece. Shielding is obtained entirely from
an externally supplied gas.

groove angle. The total included angle of the groove
between workpieces.

heat-affected zone. That portion of the base metal which
has not been melted, but whose mechanical properties
or microstructure have been altered by the heat of
welding, brazing, soldering, or cutting.

horizontal position

fillet weld. The position in which welding is per-
formed on the upper side of an approximately horizon-
tal surface and against an approximately vertical surface.

groove weld. The position of welding in which the
weld axis lies in an approximately horizontal plane and
the weld face lies in an approximately vertical plane.

intermittent weld. A weld in which the continuity is
broken by recurring unwelded spaces.

interpass temperature. Inamultipass weld, the temper-
ature of the weld before the next pass is started.

Jjoint. The junction of members or the edges of members
that are to be joined or have been joined.

Jointroot. That portion of a joint to be welded where the
members approach closest to each other. In cross
section, the joint root may be either a point, a line, or an
area.
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neutral flux (submerged arc welding). A flux which
will not produce significant changes in weld metal
chemistry as a result of large changes in arc voltage.

overhead position. The position in which welding is
performed from the underside of the joint.

overlap. The protrusion of weld metal beyond the weld
toe or weld root.

partial joint penetration. Joint penetration that is inten-
tionally less than complete.

peening. The mechanical working of metals using impact
blows.

porosity. Cavity-type discontinuities formed by gas en-
trapment during solidification.

postweld heat treatment. Any heat treatment after
welding.

preheating. The application of heat to the base metal
immediately before welding, brazing, soldering, thermal
spraying, or cutting.

procedure qualification. The demonstration that welds
made by a specific procedure can meet prescribed
standards.

shielded metal arc welding (SMAW). An arc welding
process that produces coalescence of metals by heating
them with an arcbetween a covered metal electrode and
the workpiece. Shielding is obtained from decomposi-
tion of the electrode covering. Pressure is not used and
filler metal is obtained from the electrode.

shielding gas. Protective gas used to prevent atmo-
spheric contamination.

spatter. The metal particles expelled during fusion weld-
ing that do not form a part of the weld.

stringer bead. A type of weld bead made without appre-
ciable weaving motion.

submerged arc welding (SAW). An arc welding proc-
ess that produces coalescence of metalsby heating with
an arc or arcs between a bare metal electrode or
electrodes and the workpieces. The arc and molten
metal are shielded by a blanket of granular, fusible
material on the workpieces. Pressure is not used, and
filler metal is obtained from the electrode and some-
times from a supplemental source (welding rod, flux, or
metal granules).

tack weld. A weld made to hold parts of a weldment in
proper alignment until the final welds are made.

T-joint. A joint between two members located approxi-
mately at right angles to each other in the form of a T

tubular. Tubular products is a generic term for a family
of hollow section products of various cross-sectional
configuration. The term pipe denotes cylindrical prod-
ucts to differentiate from square and rectangular hollow-
section products. However, a tube or tubing can also be
cylindrical.

tubular connection. A connection in the portion of a
structure that contains two or more intersecting mem-
bers, at least one of which is a tubular member.

tubular joint. A joint in the interface created by one
tubular member intersecting another.

undercut. A groove melted into the base metal adjacent
to the weld toe or weld root and left unfilled by weld
metal.

vertical position. The position of welding in which the
axis of the weld is approximately vertical.

weave bead. A type of weld bead made with transverse
oscillation.

weld. A localized coalescence of metals or nonmetals
produced either by heating the materials to the welding
temperature, with or without the application of pres-
sure, or by the application of pressure alone and with or
without the use of filler metal.

weldability. The capacity of a material to be welded
under the imposed fabrication conditions into a spe-
cific, suitable designed structure and to perform satis-
factorily in the intended service.

welder certification. Certificationin writing thatawelder -
has produced welds meeting prescribed standards.

welder performance qualification. The demonstration
of a welder’s ability to produce welds meeting pre-
scribed standards.

weld face. The exposed surface of aweld on the side from
which welding was done.

welding operator. One who operates machine or auto-
matic welding equipment.

welding procedure. The detailed methods and practices
including all joint welding procedures involved in the
production of a weldment.

welding sequence. The order of making the welds in a
weldment.

weldment. An assembly whose component parts are
joined by welding.

weld pass. A single progression of welding or surfacing
along a joint or substrate. The result of a pass is a weld
bead, layer, or spray deposit.

weld reinforcement. Weld metal in excess of the quan-
tity required to fill a joint.




[image: image43.png]weld root. The points, asshownin crosssection, at which
the back of the weld intersects the base metal surfaces.

weld size

fillet weld size. For equal leg fillet welds, the leg
lengths of the largest isosceles right triangle which can
be inscribed within the fillet weld cross section. For
unequal leg fillet welds, the leg lengths of the largest
right triangle that can be inscribed within the fillet weld
cross section.

groove weld size. The minimum distance between the
weld root and the surface of the weld exclusive of
reinforcement in partial joint penetration welds; the
thickness of the thinner part joined in complete joint
penetration welds.

Note: When onemember makes an angle with the other
member greater than 105 degrees, the leg length (size)
is of less significance than the effective throat which is
the controlling factor for the strength of a weld.

weld toe. The junction of the weld face and the base metal.
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Safety

(This Appendix is not a part of ANSI/AWS D3.5-93, Guide for Steel Hull Welding, but is included for information

purposes only.)

C1. Fumes and Gases

Many welding, cutting and allied processes produce
fumes and gases which may be harmful to health. Fumes
are solid particles which originate from welding consum-
ables, the base metal, and any coatings present on the base
metal. In addition to shielding gases that may be used,
gases are produced during the welding process or may be
produced by the effects of process radiation on the sur-
rounding environment. You — the reader — should
acquaint yourself with the effects of these fumes and
gases. The amount and composition of these fumes and
gases depend upon the composition of the filler metal and
base material, welding process, current level, arc length
and other factors.

The possible effects of over-exposure range from irri-
tation of eyes, skin, and respiratory system to more severe
complications. Effects may occurimmediately or at some
later time. Fumes can cause symptoms such as nausea,
headaches, dizziness, and metal fume fever. The possibil-
ity of more serious health effects exist when highly toxic
materials are involved. In confined spaces, the gases
might displace breathing air and cause asphyxiation.

Keep your head out of the fume plume. Use enough
ventilation exhaust at the arc, or both, to keep fumes and
gases from your breathing zone and general area. In some
cases, natural air movement will provide enough ventila-
tion. Where ventilation may be lacking corrective mea-
sures should be applied.

Refer to the following sources for more detailed infor-
mation on fumes and gases produced by the various
welding processes:?

1. See Appendix A for list of agencies and their locations.

(1) The permissible exposure limits (PEL) required
by OSHA can be found at CFR Title 29, Chapter XVII,
Part 1910. The OSHA General Industry Standards are
available from the Superintendent of Documents, U.S.
Government Printing Office.

(2) The recommended threshold limit values for these
fumes and gases may be found in Threshold Limit Values
(ILV®) for Chemical Substances and Physical Agents in
the Workroom Environment published by the American
Conference of Governmental Industrial Hygienists
(ACGIH).

(3) The results of AWS-funded study are available in
the report entitled Fumes and Gases in the Welding
Environment available from the American Welding
Society.

(4) For specific information, refer to the applicable
Material Safety Data Sheet (MSDS).

C2. Radiation

Welding, cutting, and allied processes may produce
radiant energy (radiation) harmful to health. You should
acquaint yourself with the effects of this radiant energy.

Radiant energy may be ionizing (such as x-rays) or
nonionizing (such asultraviolet, visible light, or infrared).
Radiation can produce a variety of effects such as skin
burns and eye damage, depending on the radiant energy’s
wavelength and intensity, if excessive exposure occurs.

C2.1 IonizingRadiation. Ionizingradiationis produced
by the electron beam welding process. It is ordinarily

®TLYV is a registered trademark of the ACGIH (see 2 above).
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shielding enclosing the welding area.

C2.2 Nonionizing Radiation. The intensity and wave-
lengths of nonionizing radiant energy produced depend on
many factors such as the process, welding parameters,
electrode and base metal composition, fluxes, and any
coating or plating on the base material.

Some processes such as resistance welding and cold
pressure welding ordinarily produce negligible quantities
of radiant energy. However, most arc welding and cutting
processes (except submerged arc when used properly),
laser welding and torch welding, cutting, brazing, or
soldering can produce quantities of nonionizing radiation
such that precautionary measures are necessary,

Protection from possible harmful effects caused by
nonionizing radiant energy from welding include the
following measures.

(1) Donotlookatwelding arcs except through welding
filter plates which meet the requirements of ANSI Z87.1,
Practice for Occupational and Educational Eye and Face
Protection, published by American National Standards
Institute. Note: Transparent welding curtains are not
intended as welding filter plates, but rather are intended
to protect passersby from incidental exposure.

(2) Protect exposed skin with adequate gloves and
clothing as specified in ANSI/ASC Z49.1, Safety in
Welding and Cutting, published by American Welding
Society.

(3) Beware of reflections from welding arcs, and pro-
tect all persons from intense reflections. Note: Paints
using pigments of substantially zinc oxide or titanium
dioxide have a low reflectance for ultraviolet radiation.

(4) Avoidexposing passersby to welding operationsby
use of screens, curtains, or adequate distance from aisles,
walkways, etc.

Safety glasses with UV protective side shields have
been shown to provide some beneficial protection from
ultraviolet radiation produced by welding arcs.

References sources on ionizing radiation include the
following:

(1) American Welding Society. ANSI/AWSF2.1,Rec-
ommended safe practices for electron beam welding and
cutting. Miami, Florida: American Welding Society, 1978.

(2) Manufacturer’s Product Information literature.

Information sources on nonionizing radiation include:

(1) American National Standards Institute. ANSI
2136.1,Safeuse oflasers. New York, New York: American
National Standards Institute.

(2) ———. ANSI Z87.1, Practice for occupational
and educational eye and face protection, New York, New
York: American National Standards Institute,

(3) American Welding Society. ANSIZ49.1, Safety in
welding and cutting. Miami, Florida: American Welding
Society, 1988.

(4) Hinrichs, J. F. “Project committee on radiation —
summary report.” Welding Journal, January 1978.

(5) Moss, C. E. and Murray, W. E. “Optical radiation
levels produced in gas welding, torch brazing and oxygen
cutting.” Welding Journal, September 1979.

(6) Moss, C. E. “Optical radiation transmission levels
through transparent welding curtains.” Welding Journal,
March 1979,

(7) National Technical Information Service. Nonion-
izing Radiation Protection Special Study No. 42-0053-
77, Evaluation of the potential hazards from actinic
ultraviolet radiation generated by electric welding and
cutting arcs. Springfield, Virginia: National Technical
Information Service.

(8) —————. Nonionizing Radiation Protection Spe-
cial Study No. 42-0312-77, Evaluation of the potential
retina hazards from optical radiation generated by
electric welding and cutting arcs. Springfield, Virginia:
National Technical Information Service.

(9) “Optical radiation levels produced by air-carbon arc
cutting processes.” Welding Journal, March 1980.

C3. Noise

Excessive noise is a known health hazard. Exposure to
excessive noise can cause a loss of hearing. The loss of
hearing can be either full or partial, and temporary or
permanent. In welding, cutting, and allied operations,
noise may result from the process, the power source, or
other equipment. Air carbon arc cutting and plasma arc
cutting are examples of processes which are frequently
noisy. Engine-driven generators may also be quite noisy.

Excessive noise adversely affects hearing capability.
This adverse effect in hearing capability may be a tempo-
rary threshold shift from which the ears may recover if
removed from the noise source. However, if a person is
exposed to this same noise level for a longer time, the loss
of hearing may become permanent. The time required to
develop permanent hearing loss depends upon factors
such as individual susceptibility, noise-level, and expo-
sure duration. In addition, there is evidence that excessive
noise affects other bodily functions and behavior.

A direct method to protect against excessive noise is to
reduce the intensity of the source. Another method is to
shield the source, but this has limitations. The acoustical
characteristics of aroom will also affect the level of noise.
When engineering control methods fail to reduce the
noise, personal protective devices such as ear muffs or ear
plugs may be employed. Generally, these devices are only
accepted when engineering controls are not fully effective.

The permissible noise exposure limits can be found in
CFR Title 29, Chapter X VII, Part 1910. This is available
from the U.S. Government Printing Office. Additional
information may be found in Threshold Limit Values
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the Workroom Environment, Published by the American
Conference of Governmental Industrial Hygienists.

A recommended method for measuring noise emitted
by arc welding processes may be found in ANSI/AWS
F6.1-88, Method for Sound Level Measurement of Manual
Arc Welding and Cutting Processes, Published by Amer-
ican Welding Society.

C4. Chromium and Nickel
in Welding Fume

Compounds of chromium, including hexavalent chro-
mium, and of nickel may be found in fume from welding
processes. The specific compounds and concentrations
will vary with the composition of the base metals, the
welding materials used, and the welding processes.
Immediate effects of overexposure to welding fumes
containing chromium and nickel are similar to the effects
produced by fume from other metals. The fumes can cause
symptoms such as nausea, headaches, and dizziness.
Some persons may develop a sensitivity to chromium or
nickel which can result in dermatitis or skin rash.

Chronic (long term) effects of exposure to chromium
and nickel in welding fume are unknown. However, the
National Institute for Occupational Safety and Health
(NIOSH) has concluded that some forms of hexavalent
chromium and nickel and their inorganic compounds
should be considered occupational carcinogens. These
conclusions were published in NIOSH Criteria Document
76-129 and 77-164 listed below. The conclusions were
based on data from the chromate producing industry and
from nickel ore-refining processes. No determination has
yetbeen made concerning the health effects on welders or
users of chromium- or nickel-containing alloys. Never-
theless, consideration must be given to the NIOSH
conclusions.

To protect against the effect of overexposure to chromi-
um and nickel in welding fume plume, do not breathe
fumes and gases, and the welder should keep his or her
head out of the fume plume. Use enough ventilation or
exhaust at the arc or both to keep fumes and gases from
your breathing zone and general area. In some cases,
natural air movement will provide enough ventilation.
Where ventilation may be questionable, air sampling
should be used to determine if corrective measures should
be applied.

The following are references for more detailed infor-
mation on welding fumes which may contain chromium
and nickel compounds.

®TLYV is a registered trademark of the ACGIH.

(1) American Conference of Governmental Industrial
Hygienists. Threshold limit values for chemical sub-
stances and physical agents in the workroom environ-
ment. Cincinnati, Ohio: American Conference of
Governmental Industrial Hygienists (ACGIH).

(2) American Welding Society. AWS Report, Fumes
and gases in the welding environment. Miami, Florida:
American Welding Society.

(3) National Institute for Occupational Safety and
Health. NIOSH Publication No. 76-129, Criteria for a
recommended standard-occupational exposure to chro-
mium (VI). Cincinnati, Ohio: National Institute for Occu-
pational Safety and Health.

(4) ———— NIOSH Publication No. 77-164, Crite-
ria for a recommended standard-occupational exposure
to inorganic nickel, Cincinnati, Ohio: National Institute
for Occupational Safety and Health.

(5) Occupational Safety and Health Administration
(OSHA). Standard 29 CFR 1910, Section 1910.1000.
Washington, DC: Superintendent of Documents, U.S.
Government Printing Office.

(6) For specific information, refer to the applicable
Material Safety Data Sheets (MSDS).

The following references include the specific precau-
tionary methods which can be used to protect against
exposure to fumes and gases:

(1) American Welding Society. ANSI/ASC Z49.1-88,
Safety in welding and cutting. Miami, Florida: American
Welding Society, 1988.

' (2) National Institute for Occupational Safety and
Health. NIOSH Publication No. 78-138, Safety and health
in arc welding and gas welding and cutting. Available
from the National Institute for Occupational Safety and
Health. This is also available from the U.S. Government
Printing Office.

(3) Occupational Safety and Health Administration
(OSHA) Standard 29 CFR 1910, Section 1910.252. Wash-
ington, D.C.: Superintendent of Documents, U.S. Govern-
ment Printing Office.

C5. Electrical Hazards

Electric shock cankill. However, it can be avoided. Do
not touch live electrical parts. Read and understand the
manufacturers’ instructions and recommended safe prac-
tices. Faulty installations, improper grounding, and incor-
rect operation and maintenance of electrical equipment
are all sources of danger.

Ground all electrical equipment and the workpiece. The
work lead is not a ground lead. It is used only to complete
the welding circuit. A separate connection is required to
ground the workpiece. Do not mistake the work lead for
a ground connection.
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will cause cable failure and result in possible electric
shock or fire hazard. Make sure all electrical connections
are tight, clean, and dry. Poor connections can overheat
and even melt. Further, they can produce dangerous arcs
and sparks. Do not allow water, grease, or dirt to accumu-
late on plugs, sockets, or electrical units. Moisture can
conduct electricity. To prevent shock, keep the work area,
equipment, and clothing dry at all times. Wear dry gloves,
rubber soled shoes, or stand on a dry board or insulated
platform.

Keep cables and connectors in good condition.
Improper or worn electrical connections may set up con-
ditions that could cause electrical shock or short circuits.
Do not use worn, damaged or bare cables. Do not touch
live electrical parts.

When several welders are working with arcs of different
polarities, orwhenanumber of alternating current machines
are being used, the circuit voltages can be additive. The
added voltages increase the severity of the shock hazard.

In case of electric shock, turn off the power. If the
rescuer must resort to pulling the victim from the live
contact, use nonconducting materials. If the victim is not
breathing, administer cardiopulmonary resuscitation (CPR)
as'soon as contact with the electrical source is broken. Call
a physician and continue CPR until breathing has been
restored, or until a physician has arrived. Treat electrical
burn as thermal burn; that is, apply clean, cold (iced)
compresses. Prevent contamination and cover with a
clean, dry dressing. Call a physician.

Follow recognized safety standards such as ANSIZ49.1.
Also follow the National Electrical Code NFPA 70,
available from the National Fire Protection Association.

Cé. Fire and Explosion Prevention

Molten metal, sparks, slag, and hot work surfaces are
produced by welding, cutting, and allied processes. These
can cause fire or explosion if precautionary measures are
not used.

Many of the fires associated with welding, cutting, and
allied processes have been caused by sparks which can
travel up to 35 feet in a horizontal direction from the work
area. Sparks can pass through or become lodged in cracks,
clothing, pipe holes, and other small openings in floors or
partitions. (Note: Sparks and molten metal can travel
greater distances when falling.)

Typical combustible materials commonly involved in
fires are floors, partitions, roofs, and building contents
such as wood, paper, clothing, plastics, chemicals and
flammable liquids and gases. Outdoors, the combustible
materials involved are dry leaves, grass, and brush. Explo-
sions have occurred where welding or cutting have been

performed in spaces containing flammable gases, vapors,
liquids, or dusts.

Remove any combustible material from the work area.
Where possible, move the work to a location well away
from combustible materials. If neither action is possible,
protect combustibles with a cover of fire resistant mate-
rial. Remove or make safe all combustible materials for a
radius of 35 feet around the work area. All open doorways,
windows, cracks, and other openings should be covered or
blocked with fire resistant materials. If possible, enclose
the work area with portable fire resistant screens.

Protect combustible walls, ceilings, etc. from sparks
and heat with fire resistant covers. If work is to be
performed on a metal wall, ceiling, etc. prevent ignition
of combustibles on the other side by moving the combus-
tibles to a safe location. If this cannot be done, designate
someone to serve as a fire watch, equipped with a fire
extinguisher during the welding operation and for one
half-hour after welding is completed.

Welding or cutting should not be performed on material
having a combustible coating or combustible internal
structure, as in walls or ceilings, without an approved
method for eliminating the hazard. Do not dispose of hot
slag in containers holding combustible material. Keep a
fire extinguisher nearby. Make a thorough examination
for evidence of fire. Remember that easily visible smoke
or flame may not be present for some time after the fire has
started.

Overloading and improper sizing can cause overheat-
ing of electrical equipment. Be sure all electrical equip-
ment and wiring is installed properly with recommended
circuit protection.

Be sure the work cable is connected to the work as close
to the welding area as practical. Work cables connected to
the building framework or other locations some distance
from the welding area increase the possibility of the
welding current passing through lifting chains, crane
cables, or other alternate circuits. This can create fire
hazards or overheat lifting chains or cables until they fail.

Do not weld or cut in atmospheres containing danger-
ously reactive or flammable gases, vapors, liquids, or dust.
Do not apply heat to a container that has held an unknown
substance or a combustible material whose contents when
heated can produce flammable or explosive vapors. Heat
should not be applied to a workpiece covered by an
unknown substance or whose coating can produce flam-
mable, toxic, or reactive vapors when heated. Adequate
procedures should be developed and proper equipment
used to do the job safely. Provide adequate ventilation in
work areas to prevent accumulation of flammable gases,
vapors or dusts. Clean and purge containers before apply-
ing heat.

Closed containers, including castings, should be vented
before preheating, welding, or cutting. Venting will pre-
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the heating and the resultant expansion of gases.

Refer to the following for more detailed information on
fire hazards from welding and cutting operations:

(1) American Welding Society. ANSI/ASC Z49.1-88,
Safety in welding and cutting. Miami, Florida: American
Welding Society, 1988.

(2) American Welding Society. ANSI/AWS F4.1,
Recommended safe practices for the preparation for
welding and cutting containers that have held hazardous
substances. Miami, Florida: American Welding Society.

(3) National Fire Protection Association. NFPA Stan-
dard 51B, Cutting and welding processes. Quincy, MA:
National Fire Protection Association.

(4) Occupational Safety and Health Administration.
Code of federal regulations, Title 29, Labor, Chapter
XVII, Part 1910, OSHA General Industry Standards.
Washington, D.C.: U.S. Government Printing Office.

C7. Burn Protection

Molten metal, sparks, slag, and hot work surfaces are
produced by the welding, cutting, and allied processes.
These can cause burns if precautionary measures are not
used.

Workers should wear protective clothing made of fire
resistant material. Do not wear pant cuffs or have open
pockets or other places on clothing that can catch and
retain molten metal or sparks. Wear high-top shoes or
leather leggings and fire-resistant boots. Use helmets or
hand shields that provide protection for the face, neck, and
ears, and wear a head covering to protect the head. In
addition, appropriate eye protection should be used.

When welding overhead orin confined spaces, wear ear
plugs to prevent weld spatter from entering the ear canal
and goggles or equivalent to give added eye protection.
Keep clothing free of grease and oil. Do not carry combus-
tible materials in pockets. If any combustible substance
has been spilled on clothing, change to clean fire-resistant
clothing before working with open arcs or flame. Use
aprons, cape-sleeves, leggings, and shoulder covers and
bibs designed for welding service. Where usually heavy
welding or cutting is involved, sheet metal shields should
be used for extra protection. Mechanization of highly
hazardous processes or jobs should be considered.

Other personnel in the work area should be protected by
the use of noncombustible screens or by the use of
appropriate protection as described in the previous para-
graph. Before leaving a work area, mark hot workpieces
to alert other persons of this hazard. Do not attempt to
repair or disconnect electrical equipment under load.
Disconnecting under load produces arcing of the contacts
and may cause burns or shocks. (Note: Burns can be
caused by touching hot equipment such as electrode

holders, tips, and nozzles. Therefore, insulated gloves
should be worn when these items are handled unless an
adequate cooling period has been allowed before touching.)

Refer to the following for more detailed information on
personal protection:

(1) American National Standards Institute. ANSI
287.1, Practice for occupational and educational eye
and face protection. New York, NY: American National
Standards Institute.

(2) ————. ANSI Z41, Safety — toe footwear.
American National Standards Institute.

(3) American Welding Society. ANSI/ASC Z49.1-88,
Safety in welding and cutting. Miami, FL: American
Welding Society, 1988.

(4) Occupational Safety and Health Administration.
Code of federal regulations, Title 29 Labor, Chapter
XVII, Part 1910, OSHA General Industry Standards.
Washington, DC: the U.S. Government Printing Office.

C8. Mechanical Hazards

The use of or the proximity to mechanical equipment
can present hazards to the welder. A knowledge of the
proper use of power tools, such as grinders, chippers, drills
and various hand tools, is important to welder safety.
Know and understand the safe limits and proper use of
cranes, positioners, and other material handling equip-
ment, and use the appropriate guards and personal protec-
tive equipment.

The following recommendations are made concerning
frequently encountered mechanical hazards in welding:

C8.1 Adhere to grinding wheel speed limitations. Don’t
grind on the side of a wheel not designed for such service.
When starting a new wheel, stand to the side until it
reaches speed and correct any abnormalities noted. Be
sure guards are in place and used.

C8.2 Wear proper eye and hand protection. Use face
shields, safety glasses and goggles as appropriate. Watch
out for sharp objects, pinch points, and moving objects.

C8.3 Avoid wearing items that can be caught in machin-
ery such as rings, necklaces, bracelets, long hair, loose
clothing, etc.

C8.4 Use the right tool for the job. Keep a firm grip on
tools to prevent their slipping away. Do not overload or
force a tool beyond its expected capabilities. Foresee
results of unexpected occurrences such as tools getting
away, binding, or coming loose from their handles. Any
tool that has become jammed or otherwise overstressed
should be checked for damage before reuse. Anticipate the
reactive force from tools.

C8.5 When using tools that involve weights and spring
tension, be certain that all pressures are released in a safe
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that is to be loosened or unbolted from its working
position.

C8.6 Followlock-out procedures forequipment andtools
specifying such a procedure. Intermittent or bypassed
interlocks create a definite hazard and such acts should be
avoided.

For additional information on the safe operation and
guarding of mechanical equipment, refer to the manufac-
turers’ safe operating procedures for the equipment being
used and the following publications:

(1) American National Standards Institute. ANSI
Z244.1, Safety requirements for the lockout/tagout of
energy sources. New York, NY: American National Stan-
dards Institute.

(2) American Welding Society, 1988. ANSIZ49.1-88,
Safety in welding and cutting. Miami, FL: American
Welding Society.

(3) National Institute for Occupational Safety and
Health. NIOSH publication No. 78-138, Safety and health
in arc welding and gas welding and cutting. Cincinnati,
OH: National Institute for Occupational Safety and Health.

(4) Occupational Safety and Health Administration.
Code of federal regulations, Title 29 Labor, Chapter
XVII, Part 1910, OSHA General Industry Standards.
Washington, D.C.: U.S. Government Printing Office.

C9. Confined Spaces

Welding, cutting and heating operations can take place
in a variety of locations. Some of these locations may be
considered “confined spaces” having characteristics such
as the following;:

(1) Limited space, entry, or exit

(2) Unfavorable ventilation which could contain or
trap hazardous air contaminants or prevent replenishment
of safe breathing air, or both

Typical confined spaces include small rooms, storage
tanks, compartment of ships, process vessels, pits, silos,
vats, degreasers, reactor vessels, boiler, ventilation and
exhaust ducts, sewers, tunnels, underground utility vaults,
and pipelines. They can also include even the unventilated
corner of a room. Death and serious injury have resulted
from welding operations in confined spaces due to fire,
explosions, asphyxiation, and exposure to hazardous air
contaminants.

C9.1 Verify that personnel designated by the responsible
management person have taken the following actions
before you approve entrance to a confined space. Note:
consult the list of references for detailed information on
implementation.

C9.1.1 Open all covers and secure them from closing.

C9.1.2 Test the atmosphere of the confined space to
assure that the following apply:

(1) The oxygen content is suitable for breathing.

(2) The atmosphere is not combustible or reactive.

(3) The atmosphere is not toxic.

Note: Special equipment and training is required to
perform this testing.

C9.1.3 Isolate lines by capping or double valving and
venting, if feasible. Make sure the vent is free of any
obstruction and the valves do not leak.

C9.1.4 Lock out all systems not required during weld-
ing, cutting, or heating.

C9.1.5 Provide means for readily turning off power,
gas, and other supplies from outside the confined space.

C9.2 Verify that personnel designated by the responsible
management person have begun the following actions
to protect the occupants of a confined space and con-
sulted the list of references for detailed information on
implementation.

C9.2.1 Ventilate and continually monitor the space to
assure safe conditions.

(1) Make safe or remove any hazardous materials or
materials which may become hazardous when heated or
exposed to an arc.

(2) Continuously ventilate the space to assure that
fumes and gases do not exceed safe exposure limits, These
limits may be found in C9.2.4(2). Use NIOSH/OSHA
approved breathing apparatus when proper ventilation
cannot be provided or when the material being welded or
heated has such toxicity as to require this type of apparatus
ether by code, instruction or good practice.

C9.2.2 Keep nonessential equipment to a minimum.
Do not permit required equipment to impede exit or rescue
efforts. Locate as much of the required equipment as
possible outside the confined space.

C9.2.3 Do not occupy a confined space unless some-
one, properly equipped and trained for rescue, is outside
the confined space and in continuous communication with
the occupants.

C9.2.4 Provide means for turning off power, gases,
and fuel from inside the confined space, if feasible,
especially if outside turn-off means is not provided,
feasible, or certain.

Refer to the following sources for more detailed infor-
mation on confined welding space work:

(1) American National Standards Institute. Z117.1-77,
Safety requirements for working in tanks and other con-
fined spaces. New York, New York: American National
Standards Institute, Standard, 1977.

(2) De Reamer, R. Modern safety and health technol-
ogy. New York, New York: John Wiley & Sons.
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NIOSH Publication No. 80-106, Criteria for a recom-
mended standard —working in confined spaces. Cincin-
nati, Ohio: Department of Health and Human Services.

(4) Occupational Safety and Health Administration.
Code of federal regulations, Title 29 Labor, Chapter
XVII, Part 1910, OSHA. General Industry Standards.
Washington, D.C. Superintendent of Documents, U.S.
Government Printing Office.

C10. General Guidelines on
Safety and Health

Use of the welding processes and consumables are safe
provided proper procedures are followed and precautions
taken. If these procedures and precautions are followed,
welding, cutting, and allied processes can be done safely
with minimal health risk.

FUMES AND GASES can be dangerous to your
health. Keep your head out of the fume plume.

Use enough ventilation, exhaust at the work, or both, to
keep fumes and gases from your breathing zone and the
general area.

ARC RAYS can injure the eyes.

INFRARED (HEAT) RADIATION can cause burns.
ULTRAVIOLET RADIATION can cause skin injury
similar to sunburn,

ELECTRIC SHOCK can kill.

Do not touch live electrical parts.

Read and understand the manufacturers’ instructions
and your employer’s safety practices.

Before using the processes and consumables, acquaint
yourself and those for whom you are responsible with the
proper procedure and precautions. The primary source for
these is contained in ANSI Z49.1, available from the
American Welding Society.

C11. Contact Lens Wear

Since 1967, the American Welding Society has re-
ceived reports concerning welders who have claimed to
have had contact lenses fused to their eyes, either by the
heat of the arc or by microwave radiation. None of these
reports have been substantiated and safety bulletins issued
by the Occupational Safety and Health Administration
(OSHA), the Food and Drug Administration (FDA), and
the National Safety Council (NSC) have all refuted that
such incidents could possibly have occurred.

The American Optometric Association (AOA) has
stated that improvements in lens materials, and in design,

fitting, and care procedures, have eliminated many of the
problems formerly associated with contact lenses. The
Association noted that contact lenses do not make the eye
more susceptible to injury nor will they make matters
worse if an eye injury accidentally happens.

The following guidelines, issued by the Contact Lens
Ophthalmologists Association (CLAO) and endorsed by
AWS, should be used where contact lenses are worn in
welding situations:

C11.1 Contact lenses should be worn in industrial envi-
ronments, in combination with appropriate industrial
safety eyewear, except where there is likelihood of injury
from intense heat, massive chemical splash, highly partic-
ulate atmosphere, or where specific federal regulations
prohibit such use.

C11.2 Employees wearing contact lenses must be identi-
fied and known to their immediate supervisors, and to the
plant safety and medical personnel.

C11.3 First aid personnel should be trained in the proper
removal of contact lenses.

C11.4 Employees whose central, and peripheral, vision
can be increased by the wearing of contact lenses, as
contrasted to spectacle lenses, should be encouraged to
wear contact lenses in industry. Examples of such employ-
ees are those who have had a cataract removed from one
orboth eyes, those with irregular astigmatism from corne-
al scars, or keratoconus, and those who are extremely
nearsighted.

C11.5 Employees should keep a spare pair of contacts
prescription spectacles in their possession on the job to
avoid aninability to function if they should damage or lose
a contact lens while working,

C11.6 Safety and medical personnel should not discrim-
inate against an employee who can achieve visual rehabil-
itation by contact lenses, either in job placement or on
return to a job category.

C11.7 Safety and medical personnel should determine on
an individual basis the wearing of spectacle or contact
lenses in jobs which require unique visual performance.
The Occupational Safety and Health Administration and
the National Institute for Occupational Safety and Health
recommendations must be considered. Information refer-
ences include the following;:

(1) Occupational Safety and Health Administration.
“OSHA, eye experts dispel contact lens rumors.” OSHA
News Release. Washington, D.C.: U.S. Department of
Labor Office of Information, August 9, 1983,

(2) U.S. Food and Drug Administration. “Phony con-
tact lens scare.” FDA Talk Paper. Rockville, MD: U.S.
Food and Drug Administration, May 16, 1983.




[image: image51.png](3) National Safety Council. “Let’s end the contact
lens tumor.” National Safety News. Chicago, IL: National
Safety Council, June 1983.

(4) American Optometric Association. “It’s safe to
wear contacts in school shops and labs.” AOA News

Release. St. Louis, MO: American Optometric Associa-
tion, November 1984.

(5) Contact Lens Association of Ophthalmologists.
CLAO Position Paper, New Orleans, Louisiana: Contact
Lens Association of Ophthalmologists.
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