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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand
Committes WD-003, Welding of Structures, to supersede AS/MNZS 1554, 1—2000.

The objective of this Standard is to provide rules for the welding of a wide range of steel
constructions and while it is expected that its main use will be for statically loaded welds, it
applies also to some welds subject to fatigue. Although this Standard has been specifically
prepared for steel structures, it may be usefully applied to machine frames and other types
of steel constructions.

The Standard requires that weld preparations, welding consumables and welding procedures
be qualified before commencement of welding. Prequalified jomt preparations, welding
consumables and welding procedures are also given in the Standard.

The Standard, in catering for structures subject to fatigue conditions as well as statically
loaded structures, provides two categories of welds with two differing levels of weld quality
assurance associated with the different types of service to which the welds are subjected.
The mtention is that the designer select the category suited to the severity of the service and
nominate this on the drawings. Where a strocture contains both categories, this nomination
of appropriate categories will ensure that appropriate levels of supervision and mspection
will be applied to the relevant parts of the structure,

Statements expressed m mandatory terms in notes to tables and figures are deemed to be
requirements of this Standard.

The terms “normative’ and ‘informative’ have been used in this Standard to define the
application of the appendix to which they apply. A ‘normative” appendix is an integral part
of a Standard, whereas an “informative’ appendix is only for information and guidance.
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STANDARDS AUSTRALIA/STANDARDS NEW ZEALAND

Australian/Mew Zealand Standard
Structural steel welding

Part 1. Welding of steel structures

SECTION 1 SCOPE AND GENERAL

1.1 SCOPE

This Standard specifies requirements for the welding of stesl structures made up of
combinations of stesl plate, shest or sections, mcluding hollow sections and built-up
sections, or castings and forgings, by the following processes:

(a) Manual metalarc welding (MM AW).

(a)  Submerged arc welding (5AW).

(b} Gas metal-arc welding (GMAW or MIG), including pulsed mode.
(c) Gas tungsten-arc welding (GTAW ar TIG).

(d) Flux-cored arc welding (FCAW).

() Electroslag (including consumable puide) welding (ESW).

(f)  Electrogas welding (EGW).

The Standard is limited to the welding of steel parent material with a specified minimum
vield strength not exceeding 500 MPa.

The Standard applies to the welding of steelwork in structures complying with AS 3990,
AS 4100, AS/NZS 4600 or NZS 3404.1. Where welded joints in these structures are
governed by dynamic loading conditions, the Standard applies only to those welded joints
that comply with the fatigue provisions of AS 3990, AS 4100 or NZS 34041, as limited by
Item (i) below, or the directly equivalent fatigue provisions of other application Standards,
Welded joints complying with the above requirements are those that are —

(i) not subject to fatigue conditions; or

(ii)) subject to fatigue conditions, where—

{A) the stress range in the welded jont complies with the permissible stress range
of stress categories C, D, E or F of AS 3990, or weld categories lower than or
equal to detail category 112 of AS 4100 or NZS 3404.1; or

{B) the stress range in the welded jont s not more than 80% of the permissible
stress range of stress category B of AS 3990,
In addition to the abovementioned structures the Standard applies to the welding of cranes,
hoists and other dynamically loaded structures, the welding of road and pedestrian bridges
and the welding of steelwork in applications other than structural.

NOTE: Further information on this Standard, which the drafting committee could not incorporate,
iz given in WTIA Technical Mote 11.
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1.2 EXCLUSIONS

The Standard does not apply to the welding of structures by the following processes:
(a) Oxyacetylene welding (OAW).

(b)  Friction welding (FW).

() Thermit welding (TW).

(d) Resistance welding (RW).

MNOTE: Resistance welds in structures complying with ASMNES 4600 should be made in
accordance with AWS C1.1 or AWS (1.3, as appropriate.

The Standard does not apply to the welding of pressure vessels and pressure pipin g.
The Standard does not cover the design of welded connections or permissible stresses in
welds, nor the production, rectification or repair of castimgs.

1.3 INNOVATION

Any alternative materials, welding processes, consumables, methods of construction or
testing that give equivalent results to those specified, but do not comply with the specific
requirements of this Standard or are not mentioned in it, are not necessarily prohibited.

The Joint Standards Australia’Standards New Zealand Committee on welding of structures
can act in an advisory capacity concerning equivalent suitability, but specific approval
remains the prerogative of the inspecting authority.

1.4 REFERENCED DOCUMENTS
The documents referred to in this Standard are listed n Appendix AL

1.5 DEFINITIONS

For the purpose of this Standard, the symbols and definitions given in AS 11013, AS 2812
and those below apply.

1.5.1 Fabricator

The person or organization responsible for the welding of the structure during fabrication or
erection,

1.52 Inspecting authority
The authority having statutory powers to control the design and erection of buildings or
structures,
NOTE: Where the structure is not subject to statutory junsdiction, the principal is deemed to be
the inspecting authority.
1.5.3 Inspector
A person employed by or acceptable to the inspecting authority or principal for the purpose
of mspecting welding in accordance with this Standard.
1.5.4 May
Indicates the existence of an option.
1.5.5 Principal
The purchaser or owner of the structure being fabricated or erected, or a nominated
representative.

NOTE: The nominated representative should be suitably gqualified to deal with the technical
izsues of this Standard.



7 ASTMES 155412004

1.5.6 Shall
Indicates that a statement s mandatory.
1.5.7 Should

Indicates a recommendation.

1.6 WELD CATEGORIES
The Standard provides two categories of welds based on the type of application (see
Clause 6.1), which in turn necessitates two levels of quality assurance (i.e. inspection and
acceptance of weld imperfections) suitable for different weld applications and service
conditions.
The two weld categories shall be designated as follows:
(a) &P (general purpose )] —GP to be generally selected where —

{i) the weld s essentially statically loaded and designed to meet the appropriate

requirements of AS 4100 or NZS 3404, 1;

{ii) the weld is stressed to not more than 50% of the relevant maximum permissible
stress as specified in AS 3990; or
(iii) the welding application is other than structural.

NOTE: Welds nominated as Category 5P, but not complying with the requirements of that
category, may be considered as Category GF welds, provided the requirements of the design
Standard are satisfied and the principal has agreed.

(by &P rstructural purpose)—5SP to be generally selected where —

(i) the weld is essentially statically loaded and designed to meet the appropriate
requirements of AS 4100 or NZS 3404, 1;

(i) the weld is stressed to more than 50% of the relevant maximum permissible
stress as specified in AS 3990; or
{iii) the weld is subject to the dynamic loading, within the limits stipulated in
Clause 1.1.
1.7 BASIC WELDING REQUIREMENTS
The basis of this Standard is that a weld shall—
(a) be made in accordance with a qualified welding procedure;
(b)  be carried out by a welder suitably qualified to carry out such a procedure;

() be carried out under the supervision of a welding supervisor who is employed by or
contracted to the fabricator; and

(d) comply with the appropriate requirements of this Standard.

For certain conditions prescribed herein, the welding procedure s deemed to be
prequalified and may not require full qualification testing (see Clause 4.3 and Table 4.7.1).
NOTE: Fabricators may find it useful to refer to ASNES IS03834 and its parts where

fabrication activities require the approval of the principal or the inspecting authority, or where the
fabrication of large, complex or critical structures is being undertaken.
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1.8 SAFETY
1.B.1 Safety equipment and procedures

Welding shall be carried out in accordance with the relevant requirements of the following
Standards:

AS 1470, AS 1674.1, AS 1674.2, AS 2865, AS/NZS 1336, AS/NZS 1337, AS/NZS 1338.1.
1.8.2 Weling equipment

Welding plant and equipment shall comply with the relevant sections of appropriate
regulations, and the following relevant Standards:

AS 19661, AS 19662, AS 2799, AS/NZS 1995, IEC 60974-1.

1.8.3 vher hazards

The fabricator shall identify and manage any other risks and hazards from welding that are
not coverad by Clauses 1.8.1 and 1.B.2. In particular, due consideration shall be given to the
control of emitted fumes, especially when welding through paints, primers and other surface
coatin gs.

WOTES:

1 Guidance on the management of risk is given in AS/NZS 4360,

2 Funther guidance on safety precautions is given in WTIA Technical Notes T and 22,
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SECTION 2 MATERIALS OF CONSTRUCTION

2.1 PARENT MATERIAL

The parent material to be welded shall—

{a) be of a grade with a specified mnimum yield strength not exceedmg 500 MPa;

(b)  be selected in accordance with the provisions of Appendix B; and

(c) comply with the following Standards as appropriate:
ASTI63, AS1397, AS 1450, AS 1548, AS2074, AS/NZS 1594, ASNIS 15935,
AS/NZS 3678, ASNZS 16791, AS/NZS 3679.2, NZS 34135,
NOTE: Any steel type from any Standard abowve may be welded to any other steel type from
any Standard above, provided the requirements of this Standard are met for each of the steels.

With the exception of quenched and tempered steels, parent materials not identified to a
Standard nominated in Item (¢) above may be used provided one of the following
requirements are met:

(i)  Testing of the material to determine compliance with any of the grade types in the
Standards nominated in Item {c) above has been carried out to the satisfaction of the
principal.

(ii)) A comparison of supplied test certificates with the requirements of any of the grade
types in the Standards nominated in Item (¢) above has been performed to the
satisfaction of the principal.

NOTES:
1 Forhigh-strength quenched and tempered steels, see AS/NES 1354 .4,
2  Impact tests in addition to those prescribed by the Standards in fem (¢} abowve may be

required to establish compliance with Appendix B and Paragraph B4.3.4.
1.2 BACKING MATERIAL

Permanently attached steel backing material shall have a weldability not less than that of
the parent material.

Temporary backing material of any type may be used for welds, provided that the finished
weld complies with the requirements of this Standard.

23 WELDING CONSUMARLES

2.3.1 Electrodes and filler wires

Electrodes  for manual metal-arce  welding shall comply with ASNZS 15531 or
ASMNZS 1553.2, as applicable (see Clause 4.6.1).

Electrodes or filler wires for processes other than manual metalare welding shall comply
with AS I1858.1, AS2203.1 ASNZS 11672 or AS/NZS 2717.1, as applicable (ses
Clause 4.6.1).

Electrodes that do not comply with the above Standards may be used, provided that they are
qualified in accordance with the reguirements of Clanse 4.6.2.
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2.3.2 Care of electrodes and Aller wires

Electrodes and filler wires shall be stored in their origmal packets, cans or cartons in a dry
place adequately protected from the weather. Filler wires shall be dry, smooth and free from
corrosion or other matter deleterious either to satisfactory operation or to the weld metal.
Any coating on the electrodes or filler wires shall be continuous and firmly adherent. Any
recommendations of the manufacturer, covering protection during storage and use,
conditioning and pretreatm ent of electrodes or filler wires prior to use, shall be followed.

HNOTE: See WTIA Technical Mote 3 for recommendations for the storage and conditioning of arc
welding consumables,

233 Flux
Flux for submerged are welding shall be stored in accordance with AS 18581, Where the

manufacturer makes specific recommendations covering conditioning and pretreatment of
flux prior to use, such recommendations shall be followed.

Where flux is re-used, flux-recycling systems shall include suitable sieves and magnetic
particle separators and shall be such that the flux remains in a satisfactory condition for
-5,

Flux fused in the welding process shall not be re-used.

2,34 Shielding gas

A pas or gas mixture used for shieldng during arc welding shall be of a welding grade
complying with the requirements of AS 4882, and shall be suitable for the mtended
application.
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SECTION 3 DETAILS OF WELDED
CONNECTIONS

3.1 GENERAL
3.1.1 Permissible weld types

Welded connections may be made by butt, fillet, plug or slot welds, or by a combination of
these.

J.1.2 Design stresses

Where welded joints are to be welded in accordance with this Standard, the maximum
stresses in the jonts shall not exceed the maximum values given in AS 3990, AS 4100 or
NZS 3404, 1, as applicable.

J.1.3 Drawings

Drawings or other documents that give details of welded connections shall specify the
following:

(a) Specification and grade of the parent metal.

(b) MNominal tensile strength of the weld metal.

(¢} Location, type, size of welds, and the effective length of welds.

(d) Whether welds are to be made in the shop or at the site.

(g) Weld category.

(1) Details of non-standard welds,

(g) Details of seal welds, if such welds are required.

{(h) Type and extent of inspection, including any special inspection reguirem ents.
(i) Relevant design Standard.

()  Any special requirements that could affect welding operations,

3. BUTT WELDS
3.2.1 Size of weld

The size of a complete penetration butt weld shall be the thickness of the thinner part. The
size of a complete penetration T-joint or comer jomt butt weld shall be the thickness of the
part that butts against the face of the other part.

The size of an mcomplete penstration butt weld shall be the minimum depth to which the
weld extends from its face mto the joint, exclusive of reinforcement. Where the joint
contain s two welds, the size shall be the combined depths.

3.2.2 Dusign throat thickness
3.2.2.1 Complete penetration butt weld

The design throat thickness of a complete penetration butt weld shall be the thickness of the
thinner part.

3.2.1.2 [Incomplete penetration butt weld
The design throat thickness of an mcomplete penetration butt weld shall be as follows:

() For prequalified incomplete penetration butt welds, except as otherwise provided in
Item () below, as shown in Table E2, Appendix E.
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(b)  For non-prequalified mcomplete penetration butt welds, except as provided in
Item {c) below—

(1)  where @ <607, D =3 mm; or
(i1}  where 8 =607, IN
where
D= depth of preparation
& = angle of preparation
() For incomplete penetration butt welds made by a fully automatic arc welding process,
provided that it can be demonstrated by means of a macro test on a production weld
that the required penetration has been achieved, a design throat thickness up to the
depth of penetration. Where such penetration is achieved, the size of the weld may be
correspondingly reduced.
3.2.3 Effective length
The effective length of the butt weld shall be the length of a continnous full-size weld.
3.24 Effective area
The effective area of a butt weld shall be the product of the effective length and the design
throat thickness,
3.25 Transition of thickness or width
Butt-welded joints between parts of different thicknesses or parts of unequal widths that are
subject to tension shall have a smooth transition between the surfaces or the edges. The
transition shall be made by chamfering the thicker part or by sloping the weld surfaces or
by any combination of these as shown m Figure 3,2.5,
The transition slope between the parts shall be not stesper than 1:1. However, the fatigue

provisions of AS 3990, AS 4100, NZ5 3404.1 and other design codes may require a lesser
slope or a curved transition between the parts.

3.3 FILLET WELDS
331 Size of weld
The size of a fillet weld shall be the leg length as defined by AS 2812,

The preferred sizes of fillet welds less than 15 mmare2, 3,4, 5,6, 8, [0 and 12 mm.

Where there is a root gap, the size shall be given by the lengths of the legs of the inscribed
triangle, reduced by the amount shown in Table E3, Appendix E.

3.3.2 Design throat thickness

The design throat thickness (DTT) of a fillet weld shall be as shown in Table E3,
Appendix E.

For deep penetration fillet welds made by fully automatic arc welding processes, provided
that it can be demonstrated by means of a macro test on a production weld that the required
penetration has been achieved, an increase in design throat thickness shall be allowed as
shown in Figure 3.3.2, Where such penetration is achieved, the size of the weld may be
correspondingly reduced.

3.3.3 Effective length

The effective length of a fillet weld shall be the overall length of the full-size fillet,
meluding end returns. Where the weld is full size throughout its length, no reduction in
effective length shall be made for either the start or crater of the weld.
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Where the effective length of a fillet weld is less than four times the size of the weld, the
size of the weld for design calculation purposes shall be reduced to 25% of the effective

Any segment of mtermittent fillet weld shall have an effective length of not less than
40 mm.

3.34 Effective area

The effective area of a fillet weld shall be the product of the effective length and the design
throat thickness,

3.35 Minimum size of Fillet welds

The minimum size of a fillet weld, including the first run of a multi-run fillet weld, other

than a fillet weld used to remforce a butt weld, shall conform to Table 3.3.5 except that the
size of the weld need not exceed the thickness of the thimner part jomed (see also

Clause 5.3,

TABLE 335

MINIMUM SIZE (LEG LENGTH)
OF FILLET WELDS

millimet res
Thichkness of Minimum size of
thickest part {8 fillet weld

=3 2si3e
=3 =7 3%
=T=10 4
=10 =15 5
=15 [

* Thess valoss may nead o be incressed o
comply with some design Stamdands.

3.3.6 Maximum size of fillet welds along edges
The maximum size of a fillet weld along edges of material shall be—

{a) for material with a thickness of less than 6 mm (see Figure 3.3.6(a)), the thickness of
the material;

(b) for material with thickness of not less than 6 mm (see Figure 3.3.6(b)), the thickness
of the material minus | mm; or
{c) for material with a thickness of not less than 6 mm, where the weld is designated on

the drawing to be built out to obtain the design throat thickness (see Figure 3.3.6(c)),
the thickness of the material.
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bafara walding

45% max,

Centre-line alignment Offset alignment
Ipartioularly applicable to [particularly applicable to
web plates] flange platesl

il Transition by chamlering thickar part

\4' max.

{ii} Transition by sloping weld surface

45° max. 45% max
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after walding after walding
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narrowar plate

A45* max.

ib) Transition of butt joints in parts of unegual width, transition by chamfering wider part

FIGURE 3.2.5 TRANSITION OF THICKNESSES OR WIDTHS FOR BUTT
WELDS SUBJECT TO TENSION
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MOTE: BFF =0y + 085 Iy, where DIT is the desdgn throat thickness for deep penetration fillet welds mad e
by a folly antomsatic process.

FIGURE 3.3.2 DEEP PENETRATION FILLET WELD

fal S=¢ for f « &Gmm
—1 mm min,

bl S % ¢f—1 mm for F 26 mm

Bullt out hare to ansure
no deficiency in size

el &=t for all thicknesses where edpge is built cut

LEGEMND:
= gira ol filat weald
t = thickness of part |olned

FIGURE 3.3.6 MAXIMUM SIZE OF FILLET WELDS ALONG EDGES
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34 COMPOUND WELDS
3.4.1 Description

A compound weld is a butt-welded T-joint with a fillet weld superimposed on one or bath
faces. Details of typical compound welds are shown in Figure 3.4 .1,

la] Fillet wald suparimposed on B} Filet wald superimposed on single bewval
gingle bevel bull-weldad T-joint butt-welded T-joint with an sdditicnal
filat weld on the root slde

fcl Fillet weld svperimposed on ld] Fillet weld superimposed on
single J-buti-welded T-jaint with an incomplate penelration bavel weld
gdditional fillat weld on the root side

FIGURE 341 COMPOUND WELDS

342 Design throat thickness (DTT)
3.4.2.1 Compound welds with complete penetration welds in the T-joint

The DTT of compound welds with complete penetration welds in the T-joint shall be the
thickness of the part that butts against the face of the other part.

3.4.2.2 Compound welds with incomplete penetration welds

The DTT of compound welds with incomplete penetration welds shall be as shown in
Figure 3.42.2, where DTT is the shortest distance from the root of the mecomplete
penetration welds to the face of the fillet welds as determined by the largest inscribed
triangle in the total weld cross-section, with a maximum value equal to the thickness of the
part that butts against the face of the other part to form the T-joint

FIGURE 3.4.2.2 DESIGN THROAT THICKMESS OF COMPOUND WELDS WITH
INCOMPLETE PENETRATION WELDS
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3.5 SEAL WELDS

Seal welds shall be single-run fillet or meomplete penetration butt welds, as applicable. The
size of seal welds shall comply with Clauses 3.3.5 and 3.8, unless a larger weld is
specifically required.

Seal welds shall be made in accordance with a qualified welding procedure.

HNOTE: Where seal welding is required, such a procedure has to be specified clearly on the
drawings or other documents (see Clause 3.1.2).

3.6 PLUG WELDS
The diameter of the hole for a plug weld shall be—
(a) not less than the sum of 8 mm plus the thickness of the part containing the hole; and
(b) not more than the greater of—

(i} the sum of 11 mm plus the thickness of the part containing the hole; and

(i) 2.25 times the thickness of the member,
The centre-to-centre spacing betwesn plug welds shall be not less than four times the
diameter of the hole.
The effective area of a plug weld shall be the nominal cross-sectional area of the hole in the
plane of the faving or contact surface.
The depth of the filling of plug welds shall be as follows:

Material thickness (t) Depth of filling
mim mim
=lé T
>16 <32 zlé
=32 2412

A.7 SLOT WELDS
The length of the slot for slot welds shall be not greater than 10 times the thickness of the
part containing it. The width of the slot for slot welds shall be—
{a) mnot less than the sum of 8 mm plos the thickness of the part containing the slot; and
(b) not more than the greater of—

(i)  the sum of || mm plus the thickness of the part containing the slot; and

(i) 2.25 times the thickness of the member,

The ends of the slot shall be semicircular or shall have the cormers rounded to a radius of
not less than the thickness of the part containing it, except for those ends that extend to the
edge of the part.

The mmimum spacing of lines of slot welds in a direction transverse to their length shall be
four times the width of the slot. The minimum centre-to-centre spacing in a longitudinal
direction on any line shall be two times the length of the slot.

The effective arca of a slot weld shall be as for a fillet weld of the same size and effective
len gth. Where a slot weld is made by completely or partially filling the slot (i.e not made
with a fillet weld around the perimeter of the slot), the effective area shall be as for plug
welds (see Clause 3.6).

3.8 COMBINING STEEL SECTIONS

The size of welds made for the purpose of combining steel sections to form com posite
members (se¢ Figure 3.8) shall be not less than 3 mm.
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Siza of wald

[a] Hollow sactions

bl Beams o columns

—Size ol weld

Size of weld

ZZN\\

lel Channels

Size of weld

idl Anglas

FIGURE 3.8 WELDING OF ROLLED SECTIONS TO FORM BUILT-UP MEMBERS
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SECTION 4 QUALIFICATION OF
PROCEDURES AND PERSONNEL

4.1 QUALIFICATION OF WELDING PROCEDURE
4.1.1 (seneral

The welding procedurs (that is the weld preparation, the welding consumables and the
welding parameters) shall be qualified before weldmg of either the structure or the
component commences,

The fabricator shall establish a welding procedure and list the applicable parameters in the
welding procedure qualification record (also known as POR or WPOR), which shall be held
ag a record and shall be available for examination.
A welding procedure specification shall be developed from the POQR, based on the limits of
the essential variables of Clause 4.11, and made available to the welder during Fabrication.
The welding procedure may be approved on the welding procedure sheets by a
representative of the principal, who shall have, as a minimum, the qualification of a
welding supervisor in accordance with Clause 4.12. 1 or welding inspector (see Clause 7.2).
NOTES:
1 Fomms suitable as POR and WPS welding procedure sheets are shown in Appendix C.

2  For New Zealand, NZS 34(4.1 requires the welding procedures to have been approved by the
principal, prior to the commencement of welding.

4.1.2 Butt welds
For complete penetration and incomplete penetration butt welds, the fallowing also apply:

(a) For welding processes MMAW, SAW, GMAW, GTAW and FCAW, a procedure
gualification of a butt weld that has been welded from only the one side on a single-V
or a single-1I preparation shall qualify for single-sided butt welds in both plate and
pipe.

(b} A procedure qualification for any prequalified butt-welded joint listed in Table E1,
E2Z or E4, Appendix E, shall qualify all other welding positions listed for that joint
and angle of preparation (8) uwsed without further testing. A change in welding
direction between vertically up and vertical down shall require separate qualification.

() A procedure qualification on a single-V butt weld that has been welded from only the
one side shall qualify for welding a double-V butt weld and a single-V butt weld that
has been welded on both sides.

(d) A procedure qualification on a single-1 butt weld that has been welded from only the
one side shall qualify for welding a double-1J butt weld and a smgle-1 butt weld that
has been welded on both sides.

(g) A procedure qualification on a double-V butt weld shall also qualify for welding a
single-V butt weld that has been welded on both sides.

(N A procedure qualification on a double-U butt weld shall also qualify for welding a
single-11 butt weld that has been welded on both sides.

(2} Thickness limitations for butt welds shall comply with the following:

(i} For material with a thickness of less than 36 mm, Item (o) of Table 4.1 1{4)
applies.

{ii) For material with a thickness of not less than 36 mm, no upper lim it applies.
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4.1.3 Fillet welds
For fillet welds, the following also apply:

(a)

(b)

(c)

The procedure qualification of a fillet weld using processes on either plate or pipe
shall qualify for fillet welds on both plate and pipe.

The procedure qualification of a fillet weld shall be based on the fllet weld size (leg
length), not material thicknesses, as follows:

(i) For a single-run fillet weld, qualification shall cover the size of the fillet used
for the qualification test and all single-run fillets below the size qualified for
the positions shown in Table 4.1.3.

(i1} For multi-run fillets, qualification shall cover the size of the fillet used for
qualification and all larger multi-run fillets for the positions shown in
Table 4.1.3. When applying this qualification for single-run and multi-run
fillets, consideration shall be given to the pre-heat requirements for combined
thicknesses of T1, T2 and T3, and the pre-heat requirements for the combined
thicknesses shall be shown on the welding procedure specification (WPS) and
on the procedure qualification record (POR).

A change in welding direction between vertical up and vertical down shall require

separate quali fication.

NOTE: Single-run and multiple-run fillet welds may be gualified on opposite sides of the

same test plates.

TABLE 4.1.3

PROCEDURE QUALIFICATION FOR FILLET WELDS
ONPLATE OR PIPE—POSITIONS QUALIFIED

Woeld position Position qualified
1F {flat) 1F anly
2F {horizonial) 1F, 2F and 4F {overhesad)
3F (wertical) 3F anly
4F {overhead) 1F, 2F and 4F

4.1.4 Qualification of multiple welding positions

Where a test piece requires procedure qualification in more than one position, the test piece
qualifies the welding procedures for those positions, provided a macro is taken from each
position to be qualified.

NOTE: This can be achieved by welding a pipe test piece in the 3G or 60 fixed position.

42 METHODS FOR QUALIFYING A WELDING PROCEDURE
A welding procedure shall be qualified by one of the followin g methods:

(a)
(b)

A prequalified procedure in accordance with Clause 4.3,

Production of documentary evidence of relevant prior experience by the fabricator,

NOTE: A completed welding procedure sheet such as that shown in Appendix C, together
with records of any tests carmied out as required by the application Standard to which the
procedure was qualified, constitutes documentary evidence of prior experence.
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(¢} Production of a suitable length of test piece of the same joint type, material type,
material thickness and edge preparation as the component, upon which the procedures
are (o be applied, and testing it in accordance with Clause 4.7 where the type of joint
allows such testing. The test piece may be made as a production test piece,

(d) Preparation of a special test piece, such as shown in Figure 4.7.2, which simulates as
closely as practicable the weld penetration, material type and direction of rolling,
material thickness, edge preparation, welding conditions, mcluding welder access and
conditions of restraint to be used in production, and testing it in accordance with
Clause 4.7,

(2) Destructive testing of a prototype joint, structure or component.

(N A welding procedure qualified by another fabricator, see Clanse 4.4,

4.3 PREQUALIFIED WELDING PROCEDURES

Welding procedures shall be desmed to be prequalified, where—

{a) the jomnt preparations are prequalified m accordance with Clause 4.5:

{(b)  the materials are prequalified in accordance with Clause 2.1;

{c) the consumables are prequalified in accordance with Clause 4.6;

(d) the workmanship and welding techniques, including the preheat and inter-run
temperature requirements, comply with this Standard; and

() there is documentary evidence of a satisfactory macro test i accordance with
Clause 4.7.4, mcluding a satisfactory macro or a sketch aor photograph of it, showing
the position number, the sequence of runs, the minimum leg length, the throat

thickness and the scale of the sketch,

HWOTE: For the purpose of this requirement, a digital or scanned image is considered to be the
equivalent of a photograph.

4.4 PORTABILITY OF QUALIFIED WELDING PROCEDURES

A welding procedure qualified by one fabricator shall be wvalid for use by a second
fabricator, provided that—

{a) the original gqualification tests were carried out in accordance with this Standard or
other acceptable national or international Standards, and were fully documented;

(b) the second fabricator has adequate equipment and facilities and demonstrates
successful welding of welder qualification tests or a macro test using the procedure;

{¢) the application of the welding procedure is acceptable to both fabricators and the
principal; and

(d) the welding procedure identifies the original and second fabricator.

4.5 PREQUALIFIED JOINT PREPARATIONS
4.5.1 General

The joint preparations prescribed i Clavses 452, 453 and 4.54 shall be deemed
prequalified, provided that the welding processes and consumables used comply with the

recommendations of the consumables manufacturer,
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452 Prequalified complete penet ration butt welds

Joint preparations for prequalified complete penetration butt welds conforming to a
preparation listed in Table El, Appendix E, shall be deemed pregualified. Provided that
ench preparation complies with the requirements of Table EI for double-V, double bevel,
double-1 and double-] welds, preparations of unequal depth shall be deemed prequalified
also,

NOTE: For additional requirements for hollow sections, see Clause 4.5.5.

Complete penetration butt welds that are to be welded from both sides using these
prequalified preparations shall have the roots of the weld gouged out by suitable means to
sound metal, before welding is started on the second side, unless evidence is produced by
macro etching that complete fusion can be obtained without such gouging.

4.53 Prequalified incomplete penetration butt welds

Joint preparations for prequalified incomplete penetration butt welds that conform to a
preparation listed in Table E2, Appendix E, shall be desmed prequalified. Provided that
each preparation complies with the requirements of Table E2, Appendix E, for double-V,
double-bevel, double-1U or double-J welds, preparations of unequal depth shall be deemed
prequalified also.

4.54 Prequalified fillet welds
Joint preparations for prequalified fillet welds conforming to a preparation listed in
Table E3, Appendix E, shall be deemed prequalified. Welding positions shall comply with
AS 3545 (see also Table 4.5.4).

WOTES:

1 Foradditional requirements for fillet welds for hollow sections, see Clause 4.5.5.

2 Single-run and multiple-run fillet welds may be qualified on opposite sides of the same test
plates.

TABLE 4.54

FROCEDURE QUALIFICATION FOR FILLET WELDS ON PLATE
OR PIPE, AND SIZE QUALIFIED

. _ Mumber of welds per | Macro elch Sizes qualified
Fillet Size
procedure samples Material thickness Fillet size

Single-rn ine Lo Unlimited Maxdmum test adze
s imnm sdze to Table 4.71 single-ron and
b nsad in amallar
qualification
Sfolti-ron minimom Ona Bea Unlimited Simdmnm ekt aize
sdze b be naed in Table 4.7.1 mndii-ron and
qualification larger

455 Additional requirements for welds in hollow section members

4.5.5.1 Complete penetration butt welds

Joint preparations for complete penetration butt welds n hollow sections that conform to
one of the following shall be desmed prequalified:

(a) Jomnts welded from both sides and complying with one of the processes specified in
Table El, Appendix E.

{(b) Jomts welded from one side with sections complying with AS 1163 or AS 1450, and
in addition complying with one of the processes specified in Table E4, Appendix E.
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Joint preparations for connections butt-welded from one side, complying with the details
shown in Figure 4.5.5.1 for circular and unequal-width rectangular hollow sections and in
Figure 4.5.5.2 for equal-width rectan gular hollow sections, shall be deemed prequalified for

all appropriate processes.
4.5.5.2 Fillet welds
Joint preparations for fillet welds conforming to Table E3, Appendix E, shall be deemed

prequalified for all processes. In addition, the joint preparations shown in Figure 4.5.5.3 for
fillet-welded connections shall be deemed prequalified for all appropriate processes.

4553 Combination of fillet and butt welds

Joint preparations for combinations of fillet welds and butt welds, complyving with the
details shown in Figure 4.5.5.4 for circular and unequal-width rectangular hollow sections
and Figure 45.5.2 for equalwidth rectangular hollow  sections, shall be deemed
prequalified for all processes, provided that the joint preparations for butt welds conform to
Table E1 or E2, Appendix E, as applicable.

4.5.54 Circular hollow section conme ciions

Where a weld connects the end of one circular hollow section member o the surface of
another circular hollow section member, the following shall also apply, as appropriate:

(a) Not flattened Where the end of the section is not flattened and the sections intersect
at an angle of —

(i) less than 307, the welding procedure shall be qualified in accordance with
Clause 4.2 before welding commences; and

(i) mnot less than 30°, the jont shall comply with the following additional

requirements:
Type of weld Usage

Butt throughout Used in any joint

Fillet throughout Used only where diameter of smaller
member 15 less than one-third of that
of larger member

Combination of butt and fillet with Used in any joint

gradual tran sitions between them

(k)  Partially or fully flattened Where the end of a circular hollow section member is
partially flattened to a suitable shape, Items (a)i) and (a)}{ i) above shall apply and,
for the application of Item (a)ii), the diameter of the fattened portion of the section
shall be measured in a plane perpendicular to the axis of the main section, the plane
being taken at the point of ntersection of the axis of the branch section with the
surface of the main section.

The Mattening of the section shall be made over the minimum length practicable. The
change of shape shall be gradual, with no evidence of splitting or cracking in the
flattened portion. Typical flattened circular hollow section joints are shown in
Figure 4.5.5.5.
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4.5.5.5 End-to-surface connections of rectangular hollow sections

For end-to-surface connections of rectangular hollow sections, the following shall also
apply, as appropriate:

(a)

(k)

(c)

Angle of intersection not less than 30° Where the end of a rectangular hollow
section member is welded to the surface of another rectangular hollow section
member of greater width, with the axes of the members intersecting at an angle of not
less than 307, the joint shall comply with one of the following additional
requirements:

(i) A butt weld is used throughout.

(i) A fillet weld is used throughout.

(i) A combination of fillet and butt welds is used throughout.

Angle of intersection less than 30° Where the end of a rectangular hollow section
member is welded to the surface of another rectangular hollow section member of
greater width, with the axes of the members intersecting at an angle of less than 307,
the welding procedure shall be qualified in accordance with Clause 4.2 before

welding commences,

Egqual width rectangular hollow sections Where the end of a rectangular hollow
section member is welded to the surface of another rectangular hollow section
member of equal width, the welding procedure shall be qualified in accordance with
Clause 4.2 before welding commences.
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NOTE: Any valus niﬂh/".‘t.'.'mll permissibla,

fal Butt-waldad connections

2 mm masx
ﬁmln- e 2 mm max.
ﬁ min.
SECTION U SECTION ¥

bl Butt-walded right-angled connactions

>
"y

¢ mmin. | e Vo 'l
1 P04

2 mm mMax.

2 mm mas.

T

5 min,

SECTION X SECTION ¥ SECTION Z
{o] Butt-welded acute-angled connactions

MNOTES:

8 = 30"

The values for width of root gap () e given in Table B4, Appandiz E.

Thess sections, & drawn, apply o cdreolar hollow sections.

Omnly Seetions U, X ad 2 apply to unegoal-width rectangolar hollow sections.
For Section Y, see Figure 4 5.5 2 for equal-width rectamgolar hollow sections.

For rectangular hollow sections, welds shoald not be started or stopped &t corners.

oA e Lk BE e

FIGURE 4.5.51 PREQUALIFIED BUTTWELDS FOR CIRCULAR AND UNEQUAL-WIDTH
RECTANGULAR HOLLOW SECTIONS
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¥

SECTION Y

MOTES:

i
2
3
4
5

= 307

The values for width of root gap () &re given in Table B4, Appendix E.

Placing pleces of metal in the roof gap for bridging the gap iz nod parmitted.
Sections X and 2 are the same & Sections X and 2 of Figores 4.5.5.1 and 4.55.3.
For nnequal-width fectsan gnlar hollow sections, see Figure 4.55.1.

FIGURE 45.52 PREQUALIFIED BUTTWELDS FOR EQUAL-WIDTH RECTANGULAR

HOLLOW SECTIONS
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Edge may bo
cul back 5

F i

{ min,

MNOTES:

= 307

The values for width of root gap () &re given in Table E4, Appendix E.

These sections, & drawn, apply to cdrenlar hollow sections.

Only sections X and & apply to unequal-widih rectangular hollow sections

For Section Y, sse Figore 4.5.5.2 for eqoal-width rectamgnlar hollow sections (see Clanse 455 5(c)L

A e b b =

FIGURE 4553 PREQUALIFIED FILLET WELDS
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Edgs may ba

— T

. SECTION Z
HOTES:

= 307

The values for width of root gap () &re given in Table E4, Appendix E.

These sections apply to creular hollow sections.

Only Sections X and Z apply to unequal-widih rectangular hollow sections.

These details may not apply to equoal-widith rectsn golar hollow sections (see Clanse 455 5(c))

L - R e

FIGURE 4.5.5.4 PREQUALIFIED COMBINATION OF FILLET AND BUTT WELDS
INCLUDING COMPOUND BUTT AND FILLET WELD
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bl Fully flattaned member

FIGURE 45.55 FLATTENED CIRCULAR HOLLOW SECTION JOINTS

4.6 QUALIFICATION OF WELDING CONSUMABLES
4.6.1 Preqgualified welding consumahbles
4.6.1.1 General

Welding consumables shall be matched with the steel type in compliance with
Table 4.6.1{A) and used within the welding parameter ranges specified by the manufacturer.
In addition, the impact test temperature of the consumables (as specified m the relevant
Standard for the consumables) shall not be warmer than the design service tem perature (see
Paragraph B3, Appendix B).

Where welding consumables meet the above requirements and comply with the following

relevant requirements, they shall be deemed prequalified and require no qualification

testing:

(a) Electrodes for manual metal-are welding conform to Columns 2 and 3 of
Table 4.6.1{A).

{(b) Consumables for submerged arc and flux-cored are welding conform to Columns 4
and 5 of Table 4.6, I{ A), provided that for LO grade steels the maximum arc energy is
limited to 5 k¥mm and for L1535 grade or L20 grade steels the maximum are energy is
limited to 2.5 klimm.

{¢) Consumables for gas metal-arc welding conform to Column 6 of Table 4.6.1{A).
(d) Consumables for gas-tungsten arc welding conform to Column 7 of Table 4.6.1(A).
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(e}

Consumables for automatic and semi-automatic processes (submerged are, flux-cored
arc, gas metal-arc) have Lloyds™ or other ship classification societies” approval as
shown in Columns 8, 9 and 10 of Table 4.6.1(A), with the following limitations
regarding arc energy:
(i) Consumables with 5, M or 5SM grading—

(A) for multi-run butt welds or any fillet weld in LO grade steel, 5 kJ/mm

max., or

(B) for multi-run butt welds or any fillet weld in LI15 or L20 grade steels,
2.5 k¥ mm max.
(i) Consumables with T grading, no limitation on arc energy for single-run or
two-run technigue.
(ii) Consumables with TM grading, no limitation on are energy for single-run or
multi-run technique.

Where a consumable is not prequalified in accordance with Items (a), (b), (c) (d) or (&)
above, but the fabricator can produce relevant data, properly documented, of satisfactory
prior experience in the use of the consumables with a qualified procedure, the data shall be
taken as sufficient evidence for deeming the consumable qualified for that procedure (see
Clause 4.2(b)).

4.6.1.2 Weather-resistant steels

For applications of weather-resistant steels, where the weld metal is required to have the
characteristics of resistance to atmospheric corrosion and colouring similar to those of the

parent material, the following consumables shall be desmed prequalified:

(a)

(b)

(c)

(d)

For single-run fillet welds and butt welds made with a single run or a single run each
side and where the welds are made with no weave, welding consumables selected in
accordance with Table 4.6.1{A).

For single-run fillet welds and butt welds made with a single run or a single-run each
side and where weaving is used during the run, welding consumables selected in
accordance with Table 4.6.1{C).

For capping runs on multi-run fillet or butt welds, welding consumables selected in
accordance with Table 4.6, 1{C).

For runs other than capping runs on multi-run fillet or bott welds, welding
consumables selected in accordance with Table 4.6, 1{A).
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TABLE 4.6.1(A)
PREQUALIFIED WELDING CONSUMABLES
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(See Motes below)
1 2 3 4 ] & T & 9 L]
Manual metsl-are EUh:I:tmd FJu'l:::red Gias metalare | Gias tungsten-are Ship ¢lassification societies
Steel type (AS/NES 1553.1) (AS 18581} |{AS 22e3.0) (ASNES ITITA) | {ASNES 1167 .X) approval
| see Tahle
AN Jotmifi | o | Classifi | Classific | o Gl e | Claification T e [T Grade| (HO
cahian cahion cahion multi-run twdi=rum muli-run
1 EAIXX | Oand I WADXY WA X WX Rl 1M IT 1T
E4EXX WI0EY WEINKX 15
15M
b E4IXX 2 W4l XY WAIRN X WEi 6 T ITM
EAEXX WXy WA X 18
XM
3 E4 IXX 3 W03y WX X W I iT ITh
E4EXX W01y WX X 18
X5M
4 EAIXY | 0 and I WADXY WAINN X WX ITM IYT 1YTH
E4EXX WI0EY WEINKX IT5M
1Y3
3 E41XX . W40y WAIRR K Wi M YT YT
EAEXX WXy WA X IVEM
¥YS
& Ed IXX 3 W3y Wl X W ITM T TYTH
E4EXX W01y WX X IVEM
I3
TA EAEXY | 0 and 1 WaIXY WX WX ITM IYT 1YTH
IT5M
1Y3
™ E4EXX . WY WX X Wi M YT YT
IVEM
Y3
TC EAEXX 1 W1y WA X W ITM T TYTH
IVEM
IYS
E See BeeNote 7 |WISXY.FH WEIoH-Z
Hute & WEIXY ZH | WE29H.Z
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NOTES TO TABLE 4.6.1(A)

1 Theallocation of steel type numbers o particular steeks is given in Table 4.6 1{A).

2 Coosemables with o higher Impact grading #han #iat shown are also acceptable.

3 Theletter "H" demofes contralled Bydrogen
The leser ' X' represents impact mergy valoes.

The lefter * V' designates condifion of heat reatment.
The lefter * ' stands for any chemical compesition.

d Comsemables are pregualified for wse with weathering steels (WR, HW) of AS/NFS 1594, AS/NZS J6TE, ASMNFS 36791 amd
ASINFS 36792 where similer weathenng propeties are oot requred Where maching weathening properties are reguired, refer to
Table 4 & 1{C)

5 For seel nypes 4, 5 ond & (except steel to AS/NTS 36T8—400), conmamables of gie BAIDY, WAOXY or WA X type will equal or

exceed the specified mimimem vield strengh of fie matenial and will wmally give atemsile frength of nof less den 95% of the pecified
enzile trength of $ie parent matenial.

For steel to ASMNES 36T E—400, comsmmables of de EAINE, WANKY or WA X type shall require qualification.
6 ASINTS 1533 2, Clasifications: ES515.7, E3516.-Z, E3515.7 E&2 5.7, B6216.7 E&T 1.7
AS 1858 2 Clhemfications: WY ZH, WarXY FH

-



33

TABLE 4.6.1(B)

ASSOCIATION OF STEEL TYPE NUMBERS TO AUSTRALIAN AND
NEW ZEALAND STEELS

ASTMES 1554 1122004

Specifieation and grade of parent meal

Sieel
type AN 1 16F ANLIT AN 1450 AN I5E ANMNEN IS | ARNNES 1595 | AN 1074 ASFRES JETE AN NS BT NES KIS
ANNEN TR
1| cao G250 €200 7-430 HAL Allgrades | €2 200 240 Fe 4304
GA00 H200 Tedisil HA3 3 240 300
250 HA4N CTA-1 30
250 HAZD AL06
HAZ40 KK 1016
HAZS01
HUZ40
HA3D
HA3O0
HLI 300
HAL006
HAL010
HALGLS
HX a1 G1&
: | czo Lo 743010 ML | pedanc
746010 300 Lo
3 T4 30020 XF300 240014 BOLIS | Peddon
T4 30140 00L1S 300 L15
7430050
T40L20
T4 60140
T4 0150
4 | camo G350 €340 5480 HA340 i 340 340 Fe 104
HE 50 7450 HA4D £41 W30 400 Fe $10B
HW150 C42 400
CTA-2
5 | casoLo To450L0 WR3S0 L0 WL | pesio0
400 L
& 5450120 XF400 380 L1% BWOLIS | Pesion
5450140 400 L15 00 LIS
5450150
7450120
T450L40
7450150
| e G430 €450 430
T8 | Cas0 Lo
7 430 L%
£ XF 00
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TABLE 4.6.1(C)

PREQUALIFIED WELDING CONSUMABLES WITH
SIMILAR WEATHERING RESISTANCE

Consumalbles (see Note)
Steel grade Manusl metal-are Fluz-cored are

[AS/NES 1555.2) (A% 2203.1)
AS/NZS 1594— E4R15-C1L WSOXIMi1
HW350 E4R16-C1L WS M1
ﬁ’?ff 36— : E4R18-C1L WA Ni2
ASNES 3678 E4815-021. WASNI M2
WRIS0 Lo EAR16-C2L WSO M3
- EAR 18021 WASNI NI

ES516-C1

ES518-C1

ES516-02

ESS18-02

HOTE: Any listed eonsumables may ba usad with any listed stesl grade

4.6.2 Qualification of welding consumables by testing

Where welding consumables are not prequalified in accordance with Clause 4.6.1, they may
be gqualified n conjunction with a procedure gualification test i accordance with
Clause 4.7, Where the mechanical properties of the transverse butt tensile test meet the
minimum requirements shown in Table 4.6.2 and the weld metal hardness complies with
Clause 4.7.8, the consumables shall be deemed qualified for that procedure.
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TABLE 4.6.2
TRANSVERSE BUTT TENSILE TEST AND CHARPY-V IMPACT PROPERTIES
Charpy=Y impact properties [see Note 2)
- Manual metal- Automatie and semi-automatic
Steel type (see Pl v i -
Table 4.6.1(B) tensile are {see Mote 4) Itrlp:;:lture,
and Mote 1) strength, MFPa Average M Aversge
Energy, J ] ] [see Mobe 5)
{see Note 3) ENErgy EMErgY.
1 430 THR THR THR THR
2 430 4 23 is 1]
3 430 E ] 23 is -15
4 S0y THR THR THR THR
5 S0y 47 25 E 1] 1]
4] Sy 47 25 4 -15
Th Siuly THR THR THR THR
7B Silnly 47 el 4 1]
c Silnly 47 el 4 -15
B 550 47 el E ] -15
NOTES:

1  Factore of the tensdle test specimen outsdde the weld zone with a tensdle strength of not less than the
mindmum specified for the parent material i3 permitted.

2 THRE = testing nof required.
For memoal metalare elecirodes, the impact requirements are for the computed average values for the
thres test specimens.

4 For sutomatic and semi-antomatic consumahles, the impact requirements are for the minimom computed
average valoes of the three test specimens plos the allowable mindmum of any single specimen.

5  The Chaspy-" test tenpersture shall be the lower of the relevant tempersture given in Table 46.2 snd the
desdgn service temperatune (see Appendix B) as specified in Claose 4.6.1_1{(h}.

4.7 QUALIFICATION OF WELDING PROCEDURE BY TESTING
4.7.1 Method of qualification

Where the welding procedure to be used is not qualified in accordance with Items (a), (b) or
() of Clause 4.2, it shall be qualified by producing a suitable test piece in accordance with
gither Ttem (c) or (d) of Clause 4.2 and subjecting the weld in the as-welded condition to the
tests specified in Table 4.7.1.

Where the weld complies with the relevant test requirements of Clause 4.7, the welding
procedure shall be accepted as qualified.
HNOTE: Instructions for the gualification of welding procedures on steels not listed in Clause 2.1
or Table 4.6.1{B) are not specifically provided for by this Standard. Thus, such instructions
should be agreed between the fabricator and principal. It is recommended that the fabricator treat
such joints as if they had been welded with non-pregualified welding consumables. The tests

listed within the appropriate section of this Table should be performed, including the hardness
comparison test (Clause 4.7.8) and the HAZ hardness test (Clause 4.7.9). In addition, where the

design service temperature is not more than 5°C, it is also recommended that parent plate charpy
tests be taken, to ensure compliance with Appendix B, in particular Table BI.

4.7.2 Preparation of special test piece

Where required, a special test piece shall be prepared in accordance with Figure 4.7.2, as
appropriate. Under certain circumstances, such as an unusual joint configuration, it may be
necessary to prepare two test picces for different purposes, one as shown in Figure 4.7.2 for
testing the weld metal and the other for closely simulating the configuration of the joint for
testing the weld penetration.
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4.7.3 Dimensions of test picces

The dimensions of the test piece that is obtained either from the same joint type as the
component being welded (see Clause 4.2(c)) or from a run-on or run-off piece welded in
production or from the special test piece shown i Figure 4.7.2 shall be sufficient to allow
preparation of the required number of test specimens for the tests,

4.7.4 Macro test

The macro test shall be carried out in accordance with AS 2205.5.1.

The specimen shall comply with the requirements of Clauses 5.6 and 6.2 and Table 6.2.2, as
appropriate. Unless it can be proved otherwise for the remainder of the test plate (e.g. by
radiographic testing, by ultrasonic testing, by further macro testing), internal im perfections
revealed by the test piece shall be assumed to run the full length of the weld and assessed in
accordance with Tables 6.2.1 and 6.2.2.

4.7.5 Transverse boit tensile tesi
The transverse butt tensile test shall be carmied out m accordance with AS 2205.2.1.
The specimen shall comply with the requirements given in Table 4.6.2.
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TABLE 4.7.1

REQUIRED EXTENT OF TESTING:

Test required
Butt welds Fillet welds
Hardness Hardness
Weld Consumahles Freparstion
category P Macro (see | Tensile (see Bend (see Charpy V (see ) HAZ in HAZin
Clause 4.74 | Clause 475 | Clause 4.76 Clause 4.7.7 Comparisan | accordance accord ance
ith 3 Macoro (see ith N 3
and MNaote 1) | and Note 1) | and Note 1) | and Note 1) Lece with Sete & luse 4.7gy | T ote
Clause 4.7.8) [ET:3 o (see
Clause 4.7.9) Clause 4.7.9)
Pregqualified,
_ conforming to 1 Hil kil kl Hil 1 1 1
Prequalified,  (Tahbles E1 to E4
canforming to -
Table 4.6.1(4) [T 2 side or
reparalims 1 il 1 face and Hil Hil 1 1 1
1 rooi
P b
Mol prequalified |Prequalified, 2 midear 3
conforming o 1 1 1 face and Note 3 1 1 1 1
Tables E1 ta B4 1 oot {z== Nat= 3)
(iher 2 sidear 3
prepamnioms 2 1 1 face and {see Note 3) 1 1 2 1
1 rooi
Prequalified, Prequalified,
conforming o oonforming to Hil il Hil Hil Wil 1 il 1
GF  [Table 4.6.1(4) [Tables E1 to E4
Amny ather condition 1 Kl Hil Hil il 1 1 1
KOTES:

1 ‘Where the welding procedure for a filled weld requires qualification becanse the preheat temperaiure does noil comply with Clamse 5.3, or the welding consumahle is not
prequalified, the buit weld fesi piece shown in Figure 4.7.2 is used in the qualification tesis

2 Where the preheat temperatures do nol comply with Clanse 5.3, hardness tests are required only to gualify the welding procedure.

Thres tests ars required only for L0 and L 15 steals, bot may also be required for HAZ in accordance with Appendix 1.

FROTE 1Py | BEMEY
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410 ln'luiﬂ.

Discard
Charpy
W-notch

tast placesjcon:
________ L Approx. 450mm,
actual owverall langth to

Transverse swil number of Spacimans

butt tensile e

Cut sfter appropriate fo thickness
welding M o R al plate and re-test
h:rcvglrr?aaasn rEguiremants
Bend
Discard 40 Iminl
176 min, | 175 min.
lal Butl wald fest piece
150 min.

lb] Fillat weld test plecs

DIMENSIONS IN MILLIMETRES
FIGURE 4.7.2 FORM AND DIMENSIONS OF WELD TEST PIECES

4.7.6 Bend test

The bend test shall be carried out in accordance with AS 2205.3.1, using a former having a
diameter complying with Table 4.7.6.

On the completion of the test, the dimension of any crack or other defect mn the weld or the
heat-affected zone shall be not greater than 3 mm, measured in any direction at the outer

surface of the test specimen. Premature Failure at the corners of the test specimen shall not
be considered cause for rejection.
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TABLE 4.7.6
DIAMETER OF FORMER FOR BEND TEST

Minimum specilied tensile Diameber Free space belween
strength of plate of former supports at the end
MPa (B of test
=530 ir 52T
=530 47 627
LEGEND:
I' = thickness of test specimen

4.7.7 Charpy impact test

Charpy impact tests shall be carried out in accordance with AS 2205.7.1. In welds made
from two sides, specimens shall be taken from the first welded side.

The specimen shall comply with Table 4.6.2.

4.7.8 Hardness comparison test for parent metal and weld metal

The hardness comparison test for parent metal and weld metal shall be carried out in
accordance with AS 1817,

Hardness tests for the qualification of procedures employing consumables not prequalified
shall show that the weld metal does not exceed the parent metal hardness by more than
100 HY 10,

4.7.9 Hardness test for weld-heat-afMected sones

The hardness test For weld-heat-affected zones shall be carried out in accordance with
AS 2205.6.1.

Except where a greater hardness s permitted in accordance with Appendix D, the hardness
of weld-heat-affected zones shall be not greater than 350 HY 10.

4.7.10 Hetests

Where any one specimen of all those tested during a procedure qualification test fails to
comply with the test requirements, two retests for that particular type of test specimen may
be performed with specimens cut from the same procedure gualification test piece. Both
retests shall comply with the test requirements. IF any of the failures s due to cracking in
the heat-affected zone or in the weld, the procedure shall be modified and a new procedure
test plate shall be prepared.

4.8 EXTENSION OF QUALIFICATION

Procedures qualified to AS/MNZS 15545 may be employved without further gqualification for
category 5P of this Standard. Similarly, procedures qualified for category 5P may be
emploved without further qualification for category GP of this Standard.

A procedure qualified for use with a carbon or carbon-manganese steel may be employed
without further gualification testing on any other carbon or carbon-manganese steel,
provided that all of the following apply:

{a) The specified mmimum vield strength of the other steel does not exceed that used in
the qualified procedure by more than 51 MPa.

{(b)  The steel type number, as given in Table 4.6.1(B), has not increased.

{¢) The Charpy V impact test temperature of the other steel is not colder than that of the
steel used in the qualified procedure.
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(d) The preheat group number of the other steel, as given in Table 3.3 4(A), is not greater
than that of the steel used in the qualified procedure.

(e} The chemical composition of the weld metal 15 not required to match that of the
pos q
parent metal for weather resistance purpose.

4.9 COMBINATION OF PROCESSES
For complete penetration or mcomplete penetration butt joints—

(a) a different process may be vused on each side of the one joint, provided that the
preparation on the first side welded conforms to that listed under the process that is
being used and the angle of the preparation on the second side conforms to that listed
under the applicable process; and

(b} a combination of processes may be used on the same side of a joint, provided that the
preparation conforms to that listed under the process that is being used for the nitial
portion of the weld.

4.10 RECORDS OF TESTS

The fabricator shall record the results of the qualification tests carried out (e.g., macro,
radiography), together with the relevant welding procedure documents, including POR and
WPS5. These records shall be kept and made available to those authorized to examine them.

4.11 REQUALIFICATION OF WELDING PROCEDURES

Where a change in an essential variable for a welding procedure exceeds the relevant limits
given in Tables 4.11{A) and 4.11{B), the welding procedure shall be requalified in
accordance with Table 4.7.1.

Where a change in an essential variable for a welding procedure exceeds the relevant limits
given in Table 4. 11{C), the welding procedure shall be requalified by a macro test, taken
from either a production weld run-off plate or a special test plate welded for the purpose.

HNOTE: A change in the pulse parameters includes a change in pulse waveform (Hem (g} of
Table 4.11{A)) and implies that the welding machine and machine program used to qualify the
welding procedure be identified on the welding procedure and used to produce the gualified
production welds unless it can be demonstrated that pulse parameters remain unchanged.
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TABLE 4.11(A)

CHANGES IN ESSENTIAL VARIABLES REQUIRING REQUALIFICATION FOR
WELDING PROCESSES OTHER THAN ELECTROGAS AND ELECTROSLAG

WELDING
Applicahility {see Legend)
Nature of change
MIMLAW AW GMAWY FCAW GTAW
[E1] A change from ome process to amother X X X X X
(B) A change i comsumable clhssfication, except for a X X X X X

decrease m strength of te filler mefal witkin &e lmits
of pregmbification (see Table 4.6 L{A))
(=] An increase in filler metal frength X X X X X
(d) A change from a bydrogen-controlled comsumable to @ X X -_— X -—

non -ty drogen -conralled commamable or any increase
in bydrogen chsification of ®e commamable

1] A clange of shielding gos chasification outsde the -— - X X X
lmmit of AS 4852
i) A change of mare than 27% of the specified mean arc X X X X X

voliage of the electrode wsed for SAW , GMAW or
FCAW or more than +13% for MBMAW or GTAW
(g) A change of more than + 1R of fie specified mean X X X X X
welding carent for the electrode med for SAW,
GRAW or FCAW or maore than £ 15% for BMMAW or

GTAW

(B) A change of more than +15% of tie specified mean -_— X X X X
speed of travel

(i) A change of more than 12 5% i the specified namber X X X X X

of naos. f fie cross-sectional] area of the progpanation &
increased, it & 2lsopermisble o incmease the pamber
of maes inpropordon (o fie increased area

[i]] An increase of 25% or more or o decrease of 107 or -— - X X X
more o flow rate of the shieldng gas
(k) A change m position m which welding isdone ora X X X X X

change in direction for o vertical weld owtside of diat
permmiied by Clomes 4. 1.2 and 4. 1.3

i A ckange in welding cament from ac. o d.c, or vice X X X X X
versa, or 2 change in d c. palarity, or o clange i metal
trams fer ac ross the arc

(m) A decrese of more than 30°C o the minEnem X X X X X
specified prefeat or inter-nan emperatare

(@) For ptomatic welding, o change in the samber of — X X X X
electrndes wsed im o multiple wire application
(@) For batt welds, a change i matenal thickness om=ide X X X X X

the ramge of 078 to 15 times the tuckness of the st
plate, see Clam=e 4.1 2(g)

P} A chkange o electrical stck-omt of more than 220% - X X X —

(g) A change in pulse parameters (see Claze 4.11) -_— -_— X X X

(4] Far fillet welds, a change from single pass to X X X X X
multi-pass, see Clase 413

()  For fillet welds, a change in welding position as per X X X X X
Clamse 4. 54

[[4] For simgle pass fillets, an increase in leg length over X X X X X
the mize reported o the gualification

LEGEMD:

X = spplicable

— = il applicabla
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TABLE 4.11(B)

CHANGES IN ESSENTIAL VARIABLES REQUIRING REQUALIFICATION FOR

ELECTROGAS AND ELECTROSLAG WELDING

(=)
(k)
(eh
(d)
(e}
()
(=)
(h}
iy

i)
(k)
I
(m)

(n)
(o)

(®)
(q)
{x)

(=)

A sdgnificant change in filler meisl or consumable gnide metal compodiion

A change in consumable goide meial core eross-sectional ares of more than 30%%

A change in Aoxing system {e.g, cored elecirode, extemmal flux)

A change in Alux composition, ndoding consumable goide coating

A change in shislding gas compodiion of ay one constiinent of more than 5% of the total flow
A chamge in welding corfent of mone than 10%

A change in joini preparation, other than square batt, ootside the limits of Claose 4.5

A change in root gap of more than & mm

A change in joint thickness () outsdde the limdis of 057 @ 1,17, where T i3 the thickness nsed for
procedure qualificstion

A chamge in nomber of electiod e
A change baiwesn altemating current and d rect current
A change in polarty of a direct corrent

A change from the qualified process or method of welding to & combination with any other
welding process or method

A change in electrods diameter excaading 1 mm

A change in type of monlding shoe, ether fixed or movable, from non-fosing solid to
watar-cooled, and vies versa

A change of weldin g position from the qualified position of more than 20*
A change in voliage of more than 10%, except stariing volisge setings

A change in spead of vertical travel excesding 20%, evcepl &3 necessry © oo mpen sate for &
variation in the joint opening

A change in spacing of electrodes or consumable goides, except & a consequence of Hem ()
ahave
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MINOR CHANGES IN ESSENTIAL VARIABLES REQUIRING
REQUALIFICATION OF WELDING PROCEDURES BY MACRO TEST

ASMES 1554 112004

Mature of change

Applicability (see Legend)

MMAW SAW GMAW | FCAW GTAW
(2) Anincresse in the diameter of the elecirodes X — X X —
(h) A change in dlecrods dismeter of more than — — — — X
one step i the saquence of diametens
(¢} Anincresse or decrese in wire diameter of — X — — X
more than one step in the sequence of
i sy eteer
(dy A change of wald preparation from V-shape X X X X X
i [-shape
(e} A change in the shape of any one type of
weld preparation mone than the olerancs in
Clanse 52 and involving the following:
{1} Adecresse inthe incloded angle of the X X X X X
wald preparstion
(i1 A decrease inthe root gap of the weld X X X X X
preparation
(i1} Anincresis in the root face of the weld X X X X X
preparation
{iv) The omizsion of backing matedal X X X X X
(fy A change in eledrods geometry heyond the
following limiis:
(i} Longiwdinal spacing of &res of the — X — — —
greater of £10% and +4 mm
(i) Latersl spacing of arcs of the greater — X — — —
+10% and £1.5 mm
(i) Angulsr folation of any parallel — X — — —
elactrode of +10%%
(v Angle of glectrodes: — X — — —
(A)  In direction of travel of £3° — X — — —
(B} MNormal to direction of travel of — X — — —
ﬂ':l-
(g} A change in elecrical phate segquence — X — — —

hetween elecinodes in moliple elecirode
wzlding

LEGEND:
X = applicable
— = fuol applicable

4.127 QUALIFICATION OF WELDING PERSONNEL

4.12.1 Welding supervisor

Welding shall be carried out under the supervision of a weldin g supervisor emploved by or
contracted to the fabricator.

The welding supervisor shall ensure that all welding is carried out in accordance with the
plans, the specifications, any other documents and the requirements of this Standard.
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The welding supervisor shall have a minimum of three yvears experience in the fabrication
of welded structure and shall comply with one or more of the following:

{(a) Hold a Welding Supervisor’s Certificate in accordance with AS 2214, AS 179
Certificate No. 10, or a New Zealand Institute of Welding Supervisor’s Certificate,

{(b) Hold an International Institute of Welding qualification at the level of Intemational
Welding Specialist (IW5), Intermational Welding Technologist (TWT) or International
Welding Engineer (IWE) diploma.

{c) Hold a New Zealand Institute of Weldng Certificate in welding engineering,

(d) Hold postgraduate certificate, diploma or degres in welding engineering from a
recognized university or an approved technical college.

(2) Have served an apprenticeship in an appropriate metal trade; and during or
subsequent thereto, has had five vears’ experience in the fabrication of welded steel
structures and is able to satisfy the principal of sufficient technical knowledge and
suitability for the work under the conditions of employment.

()  Have at least seven yvears” experience in the fabrication of welded steel structures and
15 able to satisfy the principal of sufficient technical knowledge and suitability for the
work under the conditions of employment.

(z) Hold a diploma or a certificate in enginesring or metallurgy from an approved
technical college: or s a graduate n engineering or metallurgy of a recognized
university and, is able to satisfy the principal of sufficient technical knowledge and
suitability for the work under the conditions of employment.

(h)  Has equivalent gqualifications acceptable to the Principal.

NOTE: Guidance on the minimum technical knowledge requirements for Rems (), {f), (2) and {h)
is provided in AS 2214,

4.12.2 Welders

Welders shall be suitably qualified to carry out the welding procedures for which they will
be employed. The fabricator shall provide evidence acceptable to the principal that the
welders are suitably qualified. Such evidence shall be based on welds that closely resemble
the joints and their positions to be used in the construction.

If a welder repeatedly produces welds not complyimg with this Standard, further welding by
the welder shall be discontinued, until the welder carries out additional tests and the welds
s0 produced comply with this Standard.

The names of all welders qualified in accordance with this Clause, together with particulars
of any tests passed by each, shall be recorded and made available for perusal by the
inspector for the duration of the job,

In addition, the following requirements apply to the gqualification of welders:

{a) OQualifications obtamed by welders under appropriate Standards laying down welder
qualification tests are acceptable as evidence of their ability., Such evidence shall
refer to welding carried out on joints and m positions as close as practicable o the
actual joints and positions to be used in construction. Welders qualified to Standards
such as AS 1796, AS 2980, AS/NZS 3992, NZS 4711 or IS0 9606-1 shall be deemed
to be qualified.

(b)) Welders not already qualified for the welding process and position required by the
welding procedure under the conditions of emplovment shall be required to
demonstrate an ability to comply with the appropriate requirements of this Standard
by means of a macro test for all welding procedures required on the job,
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{¢) Persons operating automatic or semi-automatic equipment and qualified to use a
particular process with an approved consumable or combination of consumables shall
be considersd qualified to use other approved consumables or combimations of
comsumables with the same process.

(d) Qualifications established under this Clanse with any one of the steels covered by this
Standard shall be considered as qualification to weld any other of the steels covered
by this Standard.

() Qualifications established in any one position described by this Standard may be
extended within the limits of Table 4,12.2.

() Qualifications for weldng to a specified welding procedure shall remain valid,
provided that it can be shown from records maintamed by the organization employing
welders that the welders have besn emploved with reasonable continuity using the
relevant welding processes and have continued to produce satisfactory welds as
verified by a non-destructive examination.

Reapproval shall be required if any of the following conditions apply:

(i)  Six months or more have elapsed since the welder was emploved on the relevant
welding processes.

(ii) The welder changes employment. Under such circumstances, the new employver shall
qualify the welder who has changed employment.

(iii) There is some specific reason o question the welder’s ability.
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TABLE 4.12.2

RANGE OF APPROVAL ACCORDING TO WELDING POSITION
(See Motes below)

Rasge ol &ppraval

Flates Pt
BaM wekds Fillbed ol il
WadsE s of Bt welds Fllbed webds Hlat- Fxad Hat- Fieed
[ 1w 1 W ] [+ ]
approval sl phace ting g o
0 a0e 457 0 Fe
6 |66-
H VD | VU |OH | F RV |VD | VU ol | F (VD |vu | E | T F Y| VD | VU | ()
F -] -]=-l=lxl-1=-1-1=l-1-1-|=]=-|=|l=x|-1-1-
H v o oo === - -1=x-|-|x]-|-|x|=x]-]-]-
¥o Yo === -=|=]-1-|-/=1-1-1-1-
Bum wed
¥ e Y s xlx o= -xl==]---lx]lx]|-]|x]|-
g QM x |-z [¥ |=xlx|-f=x|=x]=x|-|=-|-|-|-|=x]|=x]|-|x|z=
a
i F S I I U 0 I R I AU U R A R R R 3 PR R R
HY -2 =-]=-=-1=|lx]|-|-1-
Fillg welds | WD S I R I I I I I A U D U R R R D e e
¥ o - e x o --=-]---xlx]-]-]-
M el - x| ]--|-|x]|x]|-]|-]|zx
Rot F el e === lxlx]|-]-]-
apng
.
¥o =l -l =-f=1=-01¥|=1=-]=-|=1=-|=-|=1-1-
Burt W o)l lxlxl - lxlxlx]-(¥]-]|-|-]=x|x]|-|x]|z=
bwens
o | oo l=xlxl-1-f=]=x]-|=-01*|-|-]=x|x|-|-1-
Fened
] BIF-WTI ¥ |- x| |=x x| -x|xx|- x|x|¥]|-|x|x]|-]|x]|zx
. ;- [F5¥D) =l -l -]-x - === x]-]-
Rot- F -l === =]-1=-|=-[¥|-|-1-]-
apng
Pl o HY S I I I SN 2% U I I D (N I (N B B 6 A R R
bwends
¥o ===l === =f=1=]=1=1=|=1*-1-
Feoed | 0-
W e s 2 lx - x| =-|=-]=x|x]|-[¥]z=

LEGEND
¢ = welding postion for whicch the welde @ appeovad in the sppeoval bar
X = weldmg posalisng Nod which the wel 0o & ol o agpioval
= weldmg posateas Toe which the wel des @ acl appaoved

MOTES

]
2

The bemera in the Table mfr i welding pospons as definad in Appendix E, exospt that fr vemical weldng diredoas D = down and U= up

Horizparal B pipes nay be welded in two versons

(a) Fipe mafing, avis horeoaml, webls vermeal

(B Pipe Bxed axs vescal weld hofmoatal vemcal

OH—an approved posimon, which s eoverad by the other relaned s
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SECTION 5 WORKMANSHIP

5.1 PREPARATION OF EDGES FOR WELDING
5.1.1 General

Surfaces and edges to be welded shall be uniform and free from fins, tears, cracks and other
defects that would adversely affect the guality or strength of the weld. Surfaces to be
welded and surfaces adjacent to a weld shall also be free from loose or thick scale, slag,
rust, grease, paint or other foreign matter that could prevent proper welding. Millscale that
withstands vigorous wire brushing, rust-inhibiting coatings, antispatter compound and
wie ld-through primers that do not interfere with weld quality or the welding operation may
reman.

5.1.2 Thermal cutting

Surfaces to be mcorporated n a weld shall not have a surface rougher than Class 3 as
defined in WTIA Technical Note 5.

Surfaces not incorporated in a weld shall comply with AS 3990, AS 4100 or NZ5 3404.1, as
applicable.
HNOTE: WTIA Technical Note 5 gives guidance on cutting conditions, together with replicas of
flame-cut surfaces.

521 ASSEMBLY
52.1 General

The alignment of parts to be welded shall be made as carefully as possible having regard to
the normal tolerances associated with the fabrication and erection procedures specified in
the application Standard.

5221 Alignment of butt-welded joints

Ends of parts to be joined by butt welds shall be carefully aligned, having regard to the
procedure being employed.

Where the parts are effectively restrained against bending, because of eccentricity in
alignment, the surfaces of plates of equal thickness shall not be out of alignment by more
than the lesser of—

(a) 3 mm;or

{(b)  10% of the thickness of the plates, unless otherwise approved by the principal.

Except for electroslag and electrogas processes, the dimensions of butt-welded joints that
differ from those shown on the detailed drawings or other documents by more than the
tolerances shown in Table 5.2.2 shall be referred to the mspector for approval.

The tolerances for electroslag and electrogas processes shall be determined, before
commencement of welding, in accordance with Appendix D.

Root openings wider than those permitted in Table 5.2.2, but not wider than the lesser of
19 mm and twice the thickness of the thinner part, may be corrected by welding to
acceptable dimensions, prior to joining of the parts by welding. Root openings wider than
the lesser of 19 mm and twice the thickness of the thinner part shall be corrected by
welding only with the approval of the principal.

Where the root is to be gouged back to sound metal, the root tolerances given in Table 5.2.2
may be disregarded.
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TABLE 5232
ALLOWABLE JOINT TOLERANCES

Dimension Tolerance
Root faea {food fol gouged) +1.5 fram
Root gap withouot hacking +1.5 mm
{root not gouged)
Root radios (oot not gouged) | 3, —0 nam
Root gap with backing A, —1.5 mm
Angle of preparation +10, -5
MOTE: For  googed — prepasations, s
Clanss 522

523 Alignment of fillet welds and incomplete penetration butt welds

Except for full contact joints, parts to be jomed by fillet welds, or by imcomplete
penetration butt welds parallel to the length of the member, shall be brought into as closs a
contact as practicable,

The gap betwesn parts shall normally not exceed 5 mm, except in cases mvolving rolled
shapes and plates 75 mm or greater in thickness where, after straightening and on assembly,
the gap cannot be closed sufficiently to comply with the requirement. In such cases, a
maximum gap of B mm 5 acceptable, provided that a sealing weld or suitable backing
material is used to prevent burn through.

Where the separation is 1.5 mm or greater, the size of the fillet weld shall be mereased by
the amount of the separation or the fabricator shall demonstrate that the required design
throat thickness has been abtaned,

5.2.4 Separation of a backing material

The separation between the faving surfaces (e, two surfaces in contact) of butt-welded
material and permanent backing material shall not exceed 1.5 mm.

53 PREHEATING AND INTER-RUN CONTROL
53.1 General

Control of preheating and inter-run temperature is required for certain combinations of steel
grades, material thicknesses and welding conditions. Minmimum preheating temperatures
related to are energy input may be determined in accordance with Clanse 5.3 .4, Excessive
preheating should be avoided.

5.3.2 Need for preheating

Where the metal temperature is below the preheating temperature determined from
Clanse 5.3.4 for the metal being welded and the arc energy employved, the metal shall be
preheated to the required temperature and maintained at that temperature while welding is
in Progress,

5.3.3 Extent of preheating and cooling after welding

Where preheating is required, it shall be applied in such a manner that the parts being
welded are at the specified minimum temperature as specified in AS IS0 13916, The

preheat shall be applied in such a manner as will ensure that the full thickness of the
materials to be welded are heated to the required temperature.
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The rate of cooling from the preheating or interrun temperatures should be uniform and as
slow as practicable. Delaved cooling by means of msulation or heat may be desirable in
extreme cases or complex joints.

The measurement of preheat and interrun temperature shall comply with AS 150 13916
5.3.4 Determination of preheating tem perature

Preheating and inter-run  temperatures shall be determined from Tables 5 3.4(A) and
53.4(B) and Figures 5.3.4(A), 53.4B) and 5.3.4(C), in accordance with the following
method:

(a) Select or calculate the weldability group number, using either of the following
methods:

(i) For a standard stesl of known specification, select the weldability group
number from Table 5.3 4( A).

(i1} For a standard steel type listed in Table 5.3 4(A) of known ladle or heat
analysis, calculate the carbon equivalent (CE) using the following equation, add
0.01 to the wvalue, then select the weldability group number from
Table 5.3 4(B):

Mn+{{'r+Mﬂ+\-’}+Ni+Cu
5 15

CE=C+

where
CE = carbon equivalent
C = carbon content, in percent
Mn = manganese content, in percent
Cr = chromium content, in percent
Mo = molybdenum content, in percent
V= wvanadium content, in percent
Mi = mickel content, in percent
Cu = copper content, in percent

NOTE: For other steel types not listed in Table 3.5.4(A), guidance may be obtained from WTIA
Technical Mote 1.

(b) Calculate the combined thickness (see Figure 5.3 4(A)).

(¢} Using Figure 5.3 4(A), find the closest curve to the mtersection points from Items (a)
and (b) above to give the jont weldability index (one of the letters A to L)

(d) Using the joint weldability index from Item (¢) above, obtain the combination of arc
energy and minimum preheating temperature from Figure 5.3 4(B) or Figure 5.3 4(C),
depending on whether hydrogen controlled or non-hydrogen controlled processes are
used.

{2}  The relationship between the arc energy, voltage, current and travel speed is shown in
the followin g equation:

60 E T

1000

Q=

where
£ = arc energy, in kilojoules per millimetre
E = arc voltage, measured at the weldmg head, in volts

MIEPEYEIEHT
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I = welding current, in amperes
o= travel speed, in millimetres per minute

NOTE: For pulsed mode welding, use E = average voltage and I = average cumrent in Equation (2)
to calculate the mininmum arc energy. In cases where the arc energy may need to be limited, such
as given in Clause 4.6.1.1, advice should be spught from the welding machine supplier on the
calculation of arc energy when using pulsed mode.

To calculate the total arc energy for multi-are processes, the arc energy for each individual
are shall be calculated using the above equation. The total are energy for the process is the
sum of all are energies for each individual are.

Where it is desired to apply preheating temperatures not determined by this method, the
welding procedure shall be qualified in accordance with Section 4.
MOTES:

1 Guidanoe on determining preheats for steels not listed in Table 5.3.4(A) can be obtained from
WTIA Technical Note 1.

2 The preheat prediction methods given herein are designed to minimize the risk of heat-
affected zone cold cracking under most fabrication circumstances. The Standard does not
address the issue of weld-metal cold cracking. If encountered, weld procedure modifications
may be required, including the application of additional preheat beyond that predicted and the
use of lower hydrogen consumables. There is evidence that weld-metal cold cracking is more
likely to occur with multi-pass welds in restrained plates over 20 mm thick and where high
heat input runs are used (i.e. larger weld bead sizes).
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TABLE 5.3.4(A)

PREHEAT DETERMINATION

ASTMES 1554 1122004

Farent metal

Standard

Gerade (see Mote 1)

Weldalrility
Rroup
i e L

AN 1163

C250
C350, C450

1
3

AS 1397

G250, G300
G350
G450

— o

AL 1450

200, H200
250, H250
350, H350
450

AS 1548

5-490

7-430, 7460
7-490

A ke A | e s de =

AS/NZE 1594
{=ea Mote 2)

HAL, HA3, HA4, HA200, HA2S50/1
HA250, HU250

HA300, HA3001, HU300, XF300
HA350

HW35( (see Note 2)

HA40

KF400

KF 500

HAL006, HA1010

HAL016, HXAL016

LEVI A FY R LT T N P F

AS/NES 1595

Al

AL 2074

C1

c2

3
Cd-1
C4-2
CTA-1
CTA-2

A e LA SR B LA | e

AS/NZS 38TR
and
ASNZS 38792

)
250, 300

350, WRIS0 (see Noie 2), 400, 450
Al s

KE1016

ASMNZS 3879.1

250, 300
350, 400

HZS 3415

Fe 430
Fe 510

A ke | e | = A e =

NOTES:

1 The weldability of esch impact tested steel variant is the same as its base steel.

2 Weldability Group Momber 5 for HW350 and WR350 ateels i3 based on the typleal
meaximum carbon equivalent encoantered in Aunsiralia and Mew Fesland, rather than
the maximom specfication limits normally applied
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TABLE 5.3.4(B)

RELATIONSHIF BETWEEN CARBON
EQUIVALENT AND GROUP NUMBER

Carbon equivalent o vt i i ¢
<030 1
2030 <135 2
.35 <40 k!
=040 <45 4
=045 <50 5
=050 <155 &
=155 <&l 7
=60 <165 B
=65 <70 9
2070 <75 10
.75 <R i1
20 R0 12
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5.4 WELDING UNDER ADVERSE WEATHER CONDITIONS

Welding shall not be carried out when the welding surfaces are wet or during periods of
high wind, unless the welder and the work are properly protected.

Welding processes requiring an external gas shield shall not be carried out in a draught or
wind speed of more than 10 km/h, unless the welding area is suitably protected, so as to
reduce the wind speed to less than 10 km'h, or unless a satisfactory welding procedure is
established in accordance with Section 4.

Welding and thermal cutting shall not be carried out when the metal temperature is colder

than 0°C, unless the welding procedure is qualified in accordance with Section 4.

55 TACK WELDS

Tack welds shall—

(a) be subject to the same quality and workmanship requirements as the final welds,
including appropriate temperature controls as given in Clause 5.3;

(b}  if multi-run, have cascaded ends; and

{c) havea length of not less than the lesser of 40 mm and four times the thickness of the
thicker part.

5.6 WELD DEPTH-TO-WIDTH RATIO

The depth and the maximum width of the deposited weld metal shall not excesd its width at
the surface of the weld (see Figure 5.6); except that this requirement may be waived where
the weld depth exceeds the width of the weld at the face, an the testing of the welding
procedure to be used has demonstrated that such welds are free from cracks. This

requirement shall not be waived where the maximum width in the cross-section of the weld
material deposited exceeds the width of the weld at the surface.

Width of face

<= [ <
Depth

Width

BRd AV
b Wiﬂ|W!‘D[h 5

1Y

FIGURE 56 UNACCEPTABLE WELD RUN INWHICH DEPTH ANDWIDTH EXCEED
THE WIDTH OF THE WELD FACE
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5.7 COMNTROL OF DISTORTION AND RESIDUAL STRESS
5.7.1 General

In the assembly and joining of parts of a structure or built-up members and in the welding
of reinforcing parts to members, the procedure and sequence shall be such as will maintain
distortion and shrinkage within the required structural limits.

HOTE: Guidance distortion and shrinkage is given in AS 3900, A5 4100 or NZS 3404.1.

Welding under conditions of severe external shrinkage restramt shall be carried out
continuously to completion or to a point that will ensure freedom from cracking, before the
joint is allowed to cool below the minimum specified preheating and inter-run tem peratures.
5.7.2 Stressed parts
Parts that are stressed shall not be cut or welded except where—
(a) the effect of such actions on the flexural tensile and compressive capacity of the
member 5 considered;
{(b) the matter is discussed between the fabricator and the principal in accordance with
Appendix Dy
(c) and appropriate safety precautions are taken to prevent damage to or failure of the
Shructure
HWOTE: See the requirements for modi fication of existing structures in AS 4 100 or NZ5 3404.1, as
appropriate.
573 Peening
Peening may be used on intermediate weld runs for control of shrinkage stresses in thick
welds, to prevent cracking. Mo peening shall be done on the root or surface layer of the

weld or in the base metal at the edges of the weld. Care should be taken to prevent
overlapping or cracking of the weld or base metal.

The procedure to be adopted for peening shall be established by the fabricator and approved

by the principal, before use, in accordance with Appendix D.

5.7.4 Correction of distortion

Distortion resulting from welding and fabrication may be corrected by mechanical means,

by heating or by the controlled application of weld runs. Where flame-heating methods are

applied, the following restrictions shall apply:

{a) Solid water jets may be used for cooling, only if arranged before use in accordance
with Appendix D.

(b}  The temperature of steels shall not exceed 600°C,

Improperly fitted parts may be cut apart and rewelded, if arranged n accordance with

Appendix D.

58 BACKGOUGING AND REPAIR OF DEFECTS IN WELDS
5.8.1 General
Where welds are found to have defects as classified by Clause 6.7, either the defects shall
be repaired or the entire weld shall be removed and replaced. Repairing or rewelding shall
be carried out in accordance with this Standard and the principal shall be advised of all such
repairs. A repair weld procedure may be required in such instances,

HWOTE: The principal may require that a welding procedure for repairs be qualified and approved.
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5.8.2 Remowval of weld metal

Removal of the weld metal or portions of the base metal shall be effected by machining,
grinding, chipping, oxygen gouging, air-arc gouging or plasma gouging, in such a manner
that the remaming weld metal or base metal is not nicked or undercut. Unacceptable
portions of the weld shall be removed without substantial removal of the base metal. The
surfaces shall be cleaned thoroughly before welding, Oxygen-gouged and air-are-gouged
surfaces shall be at least cleaned by grinding or machining, to remove all carbon absorption
or contam ination.

Gouged areas requiring re-welding shall have a root radivs of not less than 5 mm and
sufficient width to allow the welder reasonable aceess to remstate the weld,

Unacceptable undercutting shall be made good by either the deposition of additional weld
metal in accordance with this Standard or the removal of the undercut by grinding in
accordance with Clause 5.8.3.

NOTE: The use of preheat before air-arc or plasma gouging should be considered. Guidance may
be obtained from WTIA Technical MNote 3.

583 Grinding

Grindin g shall comply with the followin g requirem ents:

{a) The area ground shall blend smoothly into the surrounding surface, without abrupt
changes in contour.

(b}  The grinding shall not extend below the surface of the parent material by more than—
(1)  For material less than 10 mm thick, 0.5 mm; or

(11} For material not less than 10mm thick, the lesser of 007 times the nominal
thickness and 3 mm.

5.8.4 Stop starts

Where stop/starts occur in a length of continuous automatic longitudimal fillet or butt weld,

with stress ranges for detail category 112 in accordance with AS 4100 or NZ5 3404.1, they

shall be repaired by the following procedures:

{a) Grind the stopped end of the weld, so that it tapers to the root of the joint with a slope
of not less than 4:1.

(b}  Restart the weld from the top of the taper slope.

{¢) Grind the repaired weld to a smooth surface, to blend nto the profile of the existing
weld.

The site of the repair shall be subjected to 100% magnetic particle examination to the
requirements of Section 6.
NOTE: In rectangular hollow section joints, welds should not be started or stopped at comers.

59 TEMPORARY ATTACHMENTS

Welds joining temporary attachments to the structure shall be made to the same standards as
final welds., All temporary attachments shall be removed, unless otherwise specified on the
drawings or other documents. Temporary welds and attachments shall not be allowed on the
tension flanges of beams, girders and similar members. When temporary welds or
attachments are removed, the surface shall be—

(a) remstated to a reasonably smooth condition by grinding or by a combination of
welding and grinding;
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(b) checked by magnetic particle examination or other suitable method to ensure
soundness; and

{¢) hnished to the requirements of Clause 5.8.2,

5.10 ARC STRIKES

Are strikes outside the area of permanent welds should be avoided on any material. Cracks
or blemishes resulting from arc strikes on members, other than those that are essentially
statically loaded, shall be ground to a smooth contour in accordance with Clause 5.8.3 and
checked by magnetic particle examination.

5.11 CLEANING OF FINISHED WELDS

Slag shall be removed from completed welds. The weld and adjacent base metal shall be
cleaned by brushing or other suitable means. Tightly adhering spatter remaining after the
cleaning operation is accepltable, unless its removal 18 required for subsequent non-
destructive testing or surface treatment.

Welded joints shall not be painted until after the welding has been completed, inspected and
5.12 DRESSING OF BUTT WELDS
The surfaces of butt welds that have been dressed flush shall be hnished 50 as to—

(a) mnot reduce the thickness of the thinner base metal or weld metal by more than 0.8 mm
or 5% of the thickness, whichever is lesser; or

(b} not leave reinforcement that exceeds 0.8 mm.

Remforcements shall be removed where welds form part of a fayving or contact surface, Any
dressing of reinforcements shall blend smoothly with the plate surfaces.
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SECTION 6 QUALITY OF WELDS

6.1 CATEGORIES OF WELDS

According to the mtended application, welds shall be classified as Category GP or Category
8P (see Clause 1.6).

The compliance of completed welds with these categories shall be determined in accordance
with the different inspection requirements and different acceptance levels of imperfections
for the categories, as given in Clause 6.2,

6.2 METHODS OF INSPECTION AND PERMISSIBLE LEVELS OF
IMPERFECTIONS

6.2.1 Methods of inspection of completed welds
Welds shall be inspected in accordance with Clause 7.3 and, where appropriate, Clause 7.4,

In addition, for Category 5P butt welds, where radiographic or ultrasonic exammation is
required by the principal and is specified on the drawings or other documents, examination
for the relevant types of imperfections shown in Table 6.2.1 shall be carried out in
accordance with Clause 6.3 or 6.4, as appropriate,

HWOTE: Table 7.4 contains gwidance on the suggested extent of non-destructive examination,
which is consistent with the principles on which this Standard is based.

6.2.2 Permissible levels of imper fection

The size, number and spacing of imperfections that are permitted for the weld categories
shall not exceed the relevant levels given in Tables 6.2.1 and 6.2.2.

6.2.3 Adjacent imperfections

6.2.3.1 Aligned

Where adjacent imperfections are aligned, they shall be assessed in the manner shown in
Figure 6.2.3(a).

6.2.3.2 (herlapping

Where there s a horizontal displacement between adjacent imperfections, the effective
length (L) shall be as shown in Figure 6.2.3(b).

6.2.3.3 (herlapping vertical displace ment

Where imperfections oceur above each other in the vertical plane of the weld, they shall be
assessed n the manner shown n Figure 6.2.3(c).

6.2.4 Interpretation of tests

Where gualification by both a macro test and side-bend tests are required (see Clause 4.7),
the bend tests shall be used solely to reveal imperfections not observed in the macro
section, Tearing at the ends of imperfections shall not be considered for the purposes of
assessing the depth or height of imperfections. Any imperfections observed may be
assumed to extend the total length of the weld, unless additional sections are taken to show
the extent of the imperfections.
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BY RADIOGRAPHIC OR ULTRASONIC EXAMINATION

&1

TABLE 6.2.1
PERMISSIBLE LEVELS OF IMPERFECTIONS AS DETERMINED

FOR WELDS OF CATEGORY SP

T hickness Ml x i
Type of ol i e Weighting faclor [rer i issille
j.rI_p:rf-H‘l‘.iﬂ.ri prarent metal i o st Lo
Notes 1 to 3 [[4] , \ \ level
{see Mobes ] i Height of imper fection (k) mm (see Notes 5,
{see Mote 4) =2 =2 =4 =4 =10 | =10 =20 =2 f and T)
Cracks All Mot parmitted
Inclosdons, lsck of =1 2 X X X X Lis
penesretlon, orlack =10 <20 2 1 X X X Li4
=201 =4 1 2 5 X X Liz
w4l 1 2 5 10 X L
Pososity All See Note B
LEGEMD:
X = not permiited
L = weldlength under consdderstion

NOTES:

1
2

For adjacent imperfactions, see Clanss 62 3.

For the purpose of radiographic examinations and routing ulirasonic examinations, k shall to be tsken a5 2 mm.
Where an olirasonic or a radiographic examination mdicates that h may be greater than 2 moy, b shall be
determinad by sectioning or vertical nliraonie sizing in sceondancs with AS 2207,

Any imperfections that are suspected of being lamellar tears should be reconded on the NDE sepost and
refermed to the principal for consdderation.

Swe alan Clanse 3.2.1.

For any wald length onder consdderation, the imperfection level shall be calenlated by moltiplying the length
of each imperfection by iis weighting factor and asdding thess welghted lengths to determine a intal
imper faction level. The total mperfection level shall be less than the maximom permisible imper fection level.
Any imperfections shall not excead a height equal to the greater of 2 mm and 20, within a distanee of ¢ of the
end of & weld

Where the length of 2 continuons weld excesds 1 m, the meximum permisible imperfection level shall not be
excaeded in any continooas weld length of 1 m.

Where contimuous or adjscent imperfections eross the divisdion between exammation lengths, the examination
langths shall be relocated to inelods the most sevens combination of imperfections.

Pososdty 15 not consdderad to be a particolarly seroos imperfection and 15 cause for rejection of a weld oaly
where if i3 present in sufficient quantity to render difficoli & inspection for the other imperfections listed in
Table 6.2.1. Any such level of porosity shall be recorded and referrad to the principal for consid eration. For
raliographic mapections, pofosity levels representing a loss of projected area of noi more than 2% are
permitted. If required, reference may be mmde to porosity charis in AS 4037, to assist dn sssessng the
appearancs of this level of pofosity on & radiograph.
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TABLE 6.2.2

AS/NES 1554 112004

PERMISSIBLE LEVELS OF IMPERFECTIONS IN BUTT AND FILLET WELDS AS
DETERMINED BY VISUAL, MAGNETIC PARTICLE AND LIQUID PENETRANT
EXAMINATION OF THE WELD ZONE (see also Figure 6.2.2)

I perfection {see MNote 1)

Moaximum allowalsdle dimension or number of imper fections

Sy lval
Ty Farameber G sF
BUTT WELDS
Langih L Crater erscks only
Lracks Cumnlative L & mram A 10O fram woeld Ho craclks allowed

lengih

{erater cracks only)

Lack of fusdon of
:i:ll-:.'n:l:ln]l]-ﬂc ]l-::lld:aﬁ-:l:u

Length for 5P
Depth for GP

Ag for undercat depth

L Where located more than 3:
from end of weld, 24/3, but not
more than 20 mm

Whare located within 3¢ of end
of wald, 3 mm

EL | ¢ in &4 length, bui proporstionally
less for shorter length

Undercot-continnons Depih h K1, bhot nod mone than | 6720, bot nod mon than 1 mm
{wae Mote 2) 1.5 mm
Unader cut- inter maiitent Depth h &5, but not more than &1, bat not mone than 1.5 mm
{sma Mote 2) 2 mum
Eheinkage grooves Ag for undenent
Root eoncavily
For ¢ = 12 mom, 3 mom
Reinforcement {sach side) Height h Mot Hemadfed For 12 = ¢ £ 25 mam, 5 mm
For ¢ = 25 mm, & fmam
Excess penstration Height (depth) | — As for reinforcoment
Linear msalignment — — Boe Clanges 522 and 5.23
Lengih '8 2r, bl nod mone than &, bt nod maofe than 10 mmm
2l
Overlap (see Note 3) Cumunlative . &l o dn 300 mam, bot | 30 mm dn 300 mm, bat

lengih

proporiionately less for
shorter lengths

proportionately less for shosier
lengihs

Tow shape, other than ahdva

— Mo resiriction

Suitable o parmit required NDE

Surface pores (3ee Mote 3)

Size of pore

Iy Mot Hmited

13, bol nod med re tham 5 mam

MNumber of
oo

— Six peer 124 length

Two per 124 longth

Loss of ehos-sectional afea
(2me Motes 4 and 5)

Laosa of area

— A L

=5%

FILLET WE LM

Reinforcement Height H Mot Hemadfed For 5 = 12 mm, 2 mm
For 12 < 5 = 25 mom, 3 mm
Faor & = 25 mm, 4 mm

Ulnder sd e - niber s tbend Leg length — S5, bat not more than | 5010, bot not morne than 3 mm

{sma Mote &)

4 figm

Oither surface imperfzctions

— Az for buott welds

Loss of eross-geciional area
{sae Mote 5)

Losa of area

— Az for buti welds
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NOTES TO TABLE 6.2.2:

1

2
3

For adjacent imper foctions, see Clanss 623
Undercut less than L5 o in depth shoold be disreganded.

Where these allowanees for overlap and surface pores are detrimental to sny sorface trestment, they may
nid he sccepiahla.

For a walling procadure gualification, the assessment of the test plece for complisnee with the permissdble
lewvels of imperfoctions should be done with the aid of the meero et specimen. For calealation of the loss
of cosa-seetional area, mtemal imper fections ane atinated from the meero et specimen.

For the caleulation of the s of aoss-sectional area, all relevant surface imperfections shall be meloded.
Where lack of rood fosion 15 evident, the inspector 1% required to assess the approxdmate depth of the
imperfieetion. The maoro test specimen from the welding procedure qualification may nead examination
fior this purpose.

The comuolative length of mitsmitient ondersdze fillet welds shall not excead 10% of the length of the
wald.

lal Buit wald

5

(bl Fillet wald
LEGEMND:

L = Jangth or maximum dmensons of an individual irmgarfedion measurad parallel to axis of
weld

sun of lengths of imperfecions in staled weld length
height {depth) of imperfedion

thickness of parent metal (thinner)

size of pore

L
L
']
d
5 size of fillel wald {zee Clause 33.1)

FIGURE 6.2.2 DIMENSIONS REFERRED TOIN TABLEG.2.2



63 ASTMES 1554 1 220004

Where gis less than Ly the smaller
d  imparfection, EL=L;+ Ly + d
Wheare o ig not less than Ly tha
smallar imparfection, L L= L+ Ls

lal Aligned Imperfections

(Bl Owerlapping imparfactions

" | | "'"'>

La

(Il Cross-saction NOTE: Treat as soparake defects.

i} Langitudinal section, whare o > Smm

__f_'|1

MNOTE: Treat as a single defect with dimensions & and I as shewn,

[iil Longitedinal section, whare o £ Smm

[zl Owerlapping werticel displacement

FIGURE 6.2.3 ASSESSMENT OF ADJACENT IMPERFECTIONS
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6.3 RADIOGRAPHY

6.3.1 Method

When required, radiography shall be carried out in accordance with AS 2177.1, using the

following test methods as designated by AS 2177.1, for which *2" 15 °5°, *DWS" or ‘DWD"

as appropriate:

(a) For material thicknesses of not more than 12 mm, XR2/z; except that GR1/z or GR2/z
may be used, provided that this is agreed with the principal.

(b} For material thicknesses of more than 12 mm, XE2/z, GR1/z or GR2/z.

Where materials of different thicknesses are examined, the technigue shall be selected
according to the thinner plate.

6.3.2 IQI sensitivity

10T sensitivity for each technique shall comply with Table 6.3.2. The 101 sensitivity shall
be measured through the weld using wire type 101 in accordance with AS 21772, At least
one [0 should be used with each radiograph.

TABLE 6.3.2
SMALLEST DISCERNIELE WIRE
Wire number {see AS 21772}
Mt hoal
{see Note 1) Woeld metal thickness, mm
=6 =6 =10 =1 =12 =11 =18 =18 =25 =25=235 | =35=50 = 5i)

KE2iz 13 12 11 10 9 B T See Nota 2
GR1fz or 12 11 i1 1] 9 B T See Note 2
GR2z
NOTES:

1 As designated by AS 2177.1, for which ‘2" 155", '"D'WE" OR ‘D'WD"° as appropriate
2 For thicknesses of more than S0 mm, an D01 sensitivity of 2.0% i3 required.

6.3.3 Acceptance limits

The maximum permissible levels of imperfections shall be as given in Table 6.2.1. Where
mmperfections n excess of the lmits in Table 6.2.1 are detected, the unacceptable areas
shall be repaired and re-radiographed in accordance with this Clause, or by mutual
agreement be examined using ultrasonics in accordance with Clause 6.4, in which case, the
results of such ultrasonic examination shall be taken as the basis for acceptance.
Alternatively, the weld may be considered to be defective and dealt with in accordance with
Clause 6.7,

NOTE: Where non-compl ying welds are detected during a spot examination, two additional spots,

cach of the same length as the onginal spot, should be examined. They should comply with the

following requirements, as appropriate:

{a) Where the two additional spots pass, only the original spot should be repaired and

re-radiographed.

(b} Where either of the two additional spots fail, the entire weld should be radiographed or
replaced.
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6.4 ULTRASONIC EXAMINATION

6.4.1 Method

One of the followin g shall be carried out:

(a) Ultrasonic examination complying with AS 2207,

Shear probes shall have a dominant frequency in the range 2.0 MHz to 2.5 MHz, and
an essentially square or circular transducer in the size range 15 mm to 22 mm. For
plate thicknesses of less than 15 mm, the transducer size may be reduced to B mm and
frequencies mereased to 5 MHz Compression probes shall have a dominant
frequency in the range 4 MHz to 5 MHz, and an essentially square or circular
transducer in the size range 10 mm to 20 mm.

Variations to the equipment requirements may be uwsed vpon agreement with the
principal. Such variations include transducer sizes and frequencies.

(b)  Alternative method of test that is acceptable to the principal (see Clause 1.3).
6.4.2 Ewvaluation

For welds on material with a thickness of not more than 50 mm, evaluation shall be carried
out at Level 2, in accordance with AS 2207, For welds on material with a thicknesses of
more than 50 mm, evaluation shall be carried out at Level 3. Planar imper fections should be
evaluated at an ncident angle of less than 107, Where this is not possible, additional gain
shall be added in accordance with Table 6.4.2. For the purposes of Table 6.4.2, planar
mmperfections shall be considered to lie along the welding preparation faces. The probe
angle shall be the actual measured angle, not the nominal angle.

TABLE 6.4.2

ADDITIONAL GAIN FOR EVALUATION
OF PLANAR IMPERFECTIONS

Angle of incidence, degrees Additional gain, dB
=10 1]
=10 =15 [
=15 =) 12
= 3} Not permiiied

6.4.3 Acceptance limits

The maximum permissible level of imperfections shall be as given in Table 6.2.1. Where
welds fail to meet the criteria of Table 6.2.1, they shall be either repaired and retested, or
considerad defective and dealt with i accordance with Clause 6.7,

6.5 MAGNETIC PARTICLE EXAMINATION

Where required, magnetic particle examination shall be carried out in accordance with one
of the techniques specified in AS 1171,

The maximum permissible levels of imperfections shall be as given in Table 6.2.2.
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6.6 LIQUID PENETRANT EXAMINATION

Where required, penetrant examination shall be carried out in accordance with one of the
technigques specified in AS 2062,

The maximum permissible levels of imperfections shall be as given in Table 6.2.2.

6.7 WELD DEFECTS

Weld imperfections that exceed the levels given in Tables 6.2.1 and 6.2.2 shall be classed
ag defects. However, where it can be demonstrated, by the use of fracture mechanics or
other suitable methods of assessment, that the defects will not be mjurious to the
performance of the structure, such defects need not be repaired or rewelded; provided that,
for any such defect, such methods of assessment are acceptable to both the principal and the
fabricator {see Paragraph B35, Appendix B).

Repaired welds shall be reinspected to the same level as that originally specified.

MOTES:

1 WTIA Technical Note 10 gives guidance on the use of fracture mechanics analyses in the
assessment of the effects of imperfections.

2 Imperfections of plate origin are not normally considered to be a cause for rejection of the
weld.

6.8 REPORTING

Test reports for non-destructive examination shall comply with the appropriate Australian
Standard and shall mclude the followng additional nformation:

(a) Identity of testing personnel.

{(b) A statement on whether the weld complies with the requirements of this Section. If
the weld does not comply, the location and extent of the defects shall be given.

(¢} Results of re-tests,

All reports, including calculations for fracture mechanics assessments of defective welds,
shall be retaned and made available for information purposes.
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SECTION 7 INSPECTION

7.1 GENERAL

This Section applies only to inspection by the mspecting authority or the principal.

The mspector shall have access at all reasonable times to all relevant phases of the work,
and shall be given reasonable notice in advance of the start of welding operations.

The mspector shall have the opportunity to witness all testing of welding procedures and
welder qualification tests that are required.

7.2 QUALIFICATIONS OF INSPECTORS

The inspector shall have had suitable trainmng and experience in the fabrication and
mspection of welded structures. The holding of one of the following shall be accepted as
evidence of these qualifications:
(a) A Weldng Technology Institute of Australia Certificate as a Welding Inspector.
(b} A Certification Board of Inspection Personnel (CBIP) New Zealand Welding
Inspector.

(¢} A certificate asa structural welding supervisor in accordance with AS 221 4.

NOTES:

1 The inspector should have at least the qualifications required for a welding supervisor.

2  The inspector should not be invelved in the supervision of the welded fabrication.

7.3 VISUAL INSPECTION OF WORK

Prior to and during welding, the nspector shall inspect the set-up of the work and ensure
that—

(a) welds are in accordance with the drawings;

(b)  the welding is carried out on the specified material with suitable equipment;
{¢) correct procedures are maintained; and

(d) the work is performed in accordance with the requirements of this Standard.

The inspector shall make a careful and systematic check to ensure that no welds called for
in the drawings are omitted. All welds shall receive a full visual inspection in accordance
with Section 6.

7.4 NON-DESTRUCTIVE EXAMINATION OTHER THAN VISUAL

Personnel responsible for the nterpretation, evaluation and reporting of non-destructive
examination shall have qualifications and experience acceptable to the mspecting authority
and the principal. Personnel holding appropriate certification from the Australian Institute
of Non-destructive Testing or the CBIP-NZ shall be deemed to be qualified.

Where a non-destructive examination is specified, the drawings or other documents shall
clearly state the methods to be used and the extent of testing to be carried out (see also
Clause 3.1.2).

MNOTE: Guidance as to the extent of non-destructive examination is given in Table 7.4,
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TABLE 7.4
SUGGESTED EXTENT OF NON-DESTRUCTIVE EXAMINATION
Extent of NIVE (see Motes 1 and 2), %%
Visual means {see Motes 3 and 4) Oriher means
Weld
calegiory Visual ol Visual examination [Magnetic particle or H::mm':h?t:r
Sunl SCANWNE | aecordance with ligquial penetrant rasomics
{see Clause 73) Table 6.2.1 Notes 5 and 6 Talble 6.2.1
alble (see Motes 5 and 6) (see Note 7)
Ge 10 Sio 25 0o 2 il
&P 10} 10 o 50 0w 10 0t 10
HOTES:

1

This Table is intendad to apply to roatine testing of welds, to determine the level of weld goality. Whers
rooaling testing revesls imperfections requiring forher consideration in accordance with Section b,
Clause 6.7 applies.

Where less than 100% of NDE i3 required, a program for testing should be drawn op by the principal and

approved by the design engineer. This program should involve full testing of the first maor component or

5% of welds, as appropriate, m order to detect and be able to correct the cause of any major defecis on

commencement of walding. [t should then involve a progressive redoction in frequency of testing, on the

hasis of schieving compliznce with esch test 1F testing indicates non-compliance, the next 5% of walds or

the next major component, a5 appropriate, shoold be tested consacutivaly.

Visual means of NDE implies the two following levels of examination:

(&) Visual scanning, to deferming that &l welds ealled for in the drawings are ineloded and to deteet
groas defeets.

(h) Visoal exsminstion, to examine a percentsges of the welds, to determine whether the reqoired weld
quality {see Table §2.2) has baen schieved

5P category welds that comply with MZS 3404.1, or constiinte part of & selsmic-resisting of associated

structural system or are subject to fatigoe loading should be subjed toa 100% visoal examination.

The wse of magnetic panicle or liguid peneirant & wnosoal except for sopplementary inspection afier

vizual inspection for the types of stroctunes and spplications for which this Standand is intended, and their

use 15 nsnally restricted to repars (see Claose 6.2.1).

Liguid peneirant examination may be usad for the inspection of fermomagnetic materdalsy a3 an sliemaiive
Lo magnetic paticle examinstion: however, whete convenient, magnetic particle examination i3 prefarad.

For plates with a thickness of not less than 20 mm, a portion of each muolti-pas buoit weld shoold be
examinad ulirasonically, o determine whether there are any transverss aracks within the weld meial.
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APPENDIX A
REFERENCED DOCUMENTS
(Mormative)
AS
1101 Graphical symbols for peneral engineering
1101.3 Part3: Welding and non-destructive examination
1163 Structural steel hollow sections
1171 MNon-destructive testing—Magnetic particle testing of ferromagnetic
products, components and structures
1397 Steel sheet and strip—Hot-dipped zinc-coated or aluminium/zinc-coated
1450 Steel tubes for mechanical purposes
1470 Health and safety at work—Principles and practices
1548 Steel plates for pressure equipment
1674 Safety in welding and allied processes
1674.1 Part I:  Fire precautions
1674.2 Part2: Electrical
1796 Certification of welders and welding supervisors
1817 Metallic materials—Vickers hardness test
1817.1 Part 1@ Test methods
1817.2 Part 2: Verification of testing machines
1817.3 Part3: Calibration of reference blocks
1858 Electrodes and fluxes for submer ged-arc welding
1B58.1 Part I: Carbon steels and carbon-manganese steels
1858.2 Part2: Low and intermediate alloy steels
1966 Electric arc welding power sources
1966.1 Part 11 Transformer type
1966.2 Part2: Rotary type
2062 MNon-destructive testing—Penetrant testing of products and components
2074 Cast steels
2177 MNon-destructive testing—Radiography of welded butt joints in metal
21771 Part I: Methods of test
2177 Radiography of welded butt joints in metal
2177.2 Part2: Image quality indicators (IQ1) and recommendations for their
use
2203 Cored electrodes for arc-welding
2203.1 Part I:  Ferritic steel electrodes
2205 Methods for destructive testing of welds in metal
2205.2.1 Method 2.1:  Transverse butt tensile test
2205.3.1 Method 3.1:  Transverse guided bend test
2205.5.1 Method 5.1:  Macro metallographic test for cross-section examination
2205.6.1 Method 6.1:  Weld joint hardness test
2205.7.1 Method 7.1:  Charpy Venotch impact fracture toughness tests
2207 Non-destructive testing—Ultrasonic testing of fusion-welded jomts in

carbon and low alloy steel
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2214
2799
2812
2865
2980
1545
3990
4037
4100
4458
48E2

AS 150
131916

AS/NZS
1167
1167.2

1336
1337

1338
1338.1

1553
1553.1

1553.2

1554
1554.4
1554.5

1594
1595

2717
2717.1

1678

1679
1679.1
36792

1692
4360
4600

0

Certification of welding supervisors—Structural steel welding
Resistance welding equipment—>Single-phase ac. transformer type
Welding, brazing and cutting of metals—=Glossary of terms
Safe working in a confined space

Qualification of arc-welders for welding of steels

Welding positions

Mechanical equipment—>Siteelwork

Pressure equipment—Examination and testing

Stesl structures

Pressure equipment—NMan ufacture

Shielding gases for welding

Welding—~Guide on the measurement of preheating temperature,
interpass temper ature and preheat maintenance temperature

Welding and brazing—Filler metals

Part2:  Filler metal for brazing and braze welding

Recommended practices for occupational eye protection

Evye protectors for industrial applications

Filters for eve protectors

Part I:  Filters for protection against radiation generated n welding and
allied operations

Coverad electrodes for welding

Part I: Low carbon stesl electrodes for manual metal-are welding of
carbon steels and carbon-manganese stesls

Part2: Low and intermediate alloy steel electrodes for manual
metal-are welding of carbon steels and low and mtermediate
alloy steels

Structural steel welding

Part 4: Welding of high strength quenched and tempered steels

Part 5: Welding of steel structures subject to high levels of fatigue
loading

Hot-rolled steel flat products

Cold-rolled, unalloyed, steel sheet and strip

Welding cables

Welding—Electrodes—Gas metal-arc

Part I:  Ferritic steel electrodes

Structural steel—Hot-rolled plates, Mloorplates and slabs

Structural stes]
Part I: Hot-rolled hars and sections
Part 2: Welded 1 sections

Pressure equipment—Welding and brazin g qualification
Risk management
Caold-formed steel structures



AN/NZS 150
3834

J484-1
3484-2
3834-3
3834-4

NZS
3404
3404.1

3415

4711
AWS
Cl.1

Cl3

IEC
60974
60974-1

150
9606
9606-1

BS
7910

WTIA

Technical Mate
Technical Mate
Technical Mote
Technical Mate
Technical Mate
Technical Mate
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Quality requirements for welding—Fusion welding for metallic material
Part I: Guidelines for selection and use

Part2: Comprehensive guality requirements

Part3:  Standard quality requirements

Part 4: Elementary quality requirements

Sitesl structures standard
Part 1:  Stesl stroctures standard

Hot rolled products of non-alloy structural steels—Technical delivery
conditions

Qualification tests for metal-are welders

Recommended practices for resistance welding
Recommended practices for resistance welding coated low carbon steels

Arc welding equipment
Part I: Welding power sources

Approval testing of welders—Fusion welding
Part 1:  Steels

Guide on methods for assessmg the acceptability of flaws in metallic
structures

|—Weldability of steels

3—Care and conditioning of arc welding consumables

3—Flame cutting of steels

T—Health and safety in welding

I 0—Fracture mechanics

| l—Commentary on the structural steel welding Standard AS/NZS 1554

Technical Mote 22—Welding electrical safety



ASTMES 1554 112004 72

APPENDIX B
BRITTLE FRACTURE

(Mormative)

Bl METHODS

The steel grade shall be selected by either the notch-ductile range method as specified in
Paragraph B2 or using a fracture assessment as specified in Paragraph BS.

B2 NOTCH-DUCTILE RANGE METHOD
The steel grade shall be selected to operate in its notch-ductile temperature range.

The design service temperature for the steel shall be determined n accordance with
Paragraph B3. The appropriate steel type, suitable for the design service temperature and
material thickness, shall be selected in accordance with Paragraphs B4. 1, B4.2 and B4.3.

B3 DESIGN SERVICE TEMPERATURE
Bi.1 General

The design service temperature shall be the estimated lowest metal temperature to be
encountered in service or during erection or testing and taken as the basic design
temperature as defined n Paragraph B3.2, except as modified in Paragraph B3 .3,

B3.2 Basic design temperatore

Lowest one-day mean ambient temperature (LODMAT) isotherms for Australia and
Mew Zealand are given in Figures Bl and B2 respectively. The basic design temperature
shall be the LODMAT temperature, except that—

(a) structures that may be subjected to especially-low local ambient temperatures, such as
exposed bridges over inland rivers, shall have a basic design service temperature of
5°C cooler than the LODMAT temperature; and

{(b) eritical structures, located where the Bureau of Meteorology records indicate the
occurrence of abnormally-low local ambient temperatures for a significant time to
cause the temperature of the critical structure to be lowered below the LODMAT
temperature, shall have a basic design service temperature equal to such a lowered
temperature of the critical structure.

HOTE: In special cases, metal temperatures cooler than the LODMAT may occur where there is
minimum insulation, minimum heat capacity, minimum radiation shielding or abnormally low
local temperatures (such as snow, ice and frost conditions ).

B33 Moaodifications to the basic desig n te mpe rature

The design service temperature shall be the basic design temperature; except that for paris
that are to be subjected to artificial cooling below the basic design service temperature (for
example, n refrigerated buildimgs) it shall be the mmimum expected temperature for the
part.,
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B4 MATERIAL SELECTION
B4.1 Selection of steel type

The stesl type for the material thickness shall be selected from Table BI, so that the
permissible service temperature listed in Table Bl is less than the design service
temperature, determined in accordance with Paragraph B3, The permissible service
temperatures listed in Table Bl shall be subject to the limitations and modifications
specified in Paragraphs B4.2 and B4.3 respectively.

B4.2 Limitations

Table BI shall only be used without modification for members and components that comply
with the fabrication and erection provisions of AS 4100 or NZ53404.1, and with the
provisions of this Standard.

Table Bl may be uwsed without modification for welded members and connection

components that are not subjected to more than [.0% outer bend fibre stram during
fabrication. Members and components subjected to greater outer bend fibre strains shall be

assessed using the provisions of Paragraph B4.3.
B4.3 Modification for certain applications
B4.3.1 Steel subject to strain between (% and 10.0%s
Where a member or component s subjected to an outer bend fibre strain during fabrication
of between 1% and 10%, the permissible service temperatures for each steel type shall be
mereased by at least 20°C above the value given in Table BI.

NOTE: Local strain due to weld distortion should be disregarded.

B4.3.2 Steel subject to a sirain of not less than 1%

Where a member or component s subjected to an outer bend fibre strain during fabrication
of not less than 10%, the permissible service temperatures for each steel type shall be
increased above the value given in Table Bl by 20°C plus 1°C for every 1.0% increase in
cuter bend fibre stram above 10%4.

NOTE: Local strain due to weld distortion should be disregarded.

B4.3.3 Post-weld heat-treated members

Where a member or component has been welded or strained and has been subjected to a
post-weld heat-treatment temperature of more than 500°C, but not more than 620°C, the
permissible service temperature given in Table B1 shall not be modified.

NOTE: Guidance on appropriate post weld heat treatment may be found in AS 4458,

B4.3.4 Non-complyving conditions

Steels, for which the permissible service temperature (as modified where applicable) is not

known or is warmer than the design service temperature specified by the designer, shall not

be used, unless compliance with each of the following requirements is demonstrated:

() A mock-up of the joint or member shall be fabricated from the desired grade of steel,
having similar dimensions and strains of not less than that of the service component.

{(b) Three Charpy test specimens shall be taken from the area of maximum strain and
tested at the design service temperature.

(¢} The impact properties as determined from these tests shall be not less than the
minimum specified impact properties for the steel grade under test.

(d) Where the Standard to which the steel complies does not specify minimum impact
properties, the average absorbed energy for three 10 mm = 10 mm test specimens
shall be not less than 27, provided none of them is less than 20J.
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() Where a plate thickness prevents a 10 mm = [0 mm test piece from being used, the
standard test thickness closest to the plate thickness shall be vsed and the minimum
value energy absorption requirements shall be reduced proportionally.

BS FRACTURE ASSESSMENT

A fracture assessment shall be made, using a fracture mechanics analvsis coupled with
fracture toughness measurements of the steel selected, weld metal and heat-affected zones
and non-destructive examination of the welds and their heat-affected zones.

HWOTE: For methods of fracture assessment, sec BS 7910 and WTIA Technical Note 10.

TABLE B1

PERMISSIBLE SERVICE TEMPERATURES ACCORDING
TO STEEL TYPE AND THICKNESS

Permissible service temperature, “C
Steel type (see
Table 4.6.1(B)) Thickness, mm
=h =H=1Z =12=2 =2=52 =32=70 =Tl

1 2 -1 ] ] ] 5
2 =3 -2 -1 —1ily ] il
3 —Aily =3 —2i) -15 -15 -1
4 L 1] ] ] ] 5
5 3 21 -1 ] ] 1]
& —Aiy =30 =21 -15 -15 -1
Th —1ik 1] ] ] ] —
7B =3 21 -1 ] ] —
L& —Aily =30 =20 -15 -15 —
B —Aily =30 — — — —

MOTE: Thiz Table i3 based on avallahle statistical data on notch tooghness charsctedstics of steals
currently made in Ansiralia or New fealand. Care should be taken in applying this Table to imporied stesls
& verification testis may be required. For a forther explanation, see WTTA Technical Mode 11.
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MOTES:

1 The Botherms show the lowest one day mean ambient temperatore (LODMAT) @ degrees Celadns.
2 Bamad on records doring the years 1957 to 1971 as suppliad by the Ansiralisn Boresn of Meteorology.

FIGURE B1 LODMAT ISOTHERMS FOR AUSTRALIA
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Gisborna |30

MNOTES:

1
2

3

The totherms show the lowest one day mean ambdent temperatore (LODMAT) in degrees Colsdos.

Bawed on reconds during the years 1930 to 1990 = sopplisd by the Mational Institute of Water and
Atmosphere Ressanch.

Where ste-specific LODMAT temparsiures &re available, these should be uosed in lien of thess
Il Frae £ .

FIGURE B2 LODMAT ISOTHERMS FOR NEW ZEALAND
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APPENDIX C
TYPICAL FORMS FOR WELDING PROCEDURES

{ Informative)
This Appendix provides typical forms for procedure gqualification record (POR) and

welding procedure specification (WPS).
MNOTE: These forms may be copied.
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TR

PROCEDURE QUALIFICATION RECORD

Matenal spec/grads Ta
Fabncator POR Mo.
Frocess Date qualified
‘Welding Standard ‘Walded by
Edge preparation Fags
Weddability group na. Revision Date
Specimen thicknass Qualified position
Frehaat emperature PWHT
Inter-run temperature Hold
Type and check mathod Orthier
Run sequence Joint details
Pragual. joint No.
Ta Tabls
Root gap G mm
Root face A mm
Imcl, angle &°
Backing
Specification—Root R emaindar Fllun
Classification—Root R emaindar
Shialding gas Flow rate
Furge gas Flow rate
Weld run details Welding parameters
Mo, Side | Position | ¢ mm Tradenams Amperage | Volags Currant Spead | Haat
and mmymin input
polarity kJimm
Technigus Stringariwe ave
Initial claaning Blacirical stick-out
Inter-run clean Backgouge method
Mozzle size Backgouge check
Test results
Test typs Wisual Macro Tensils Band Champy WV Hardmess Other
Test by
Repaort no.
Result
MNaotes/revisions
Witnessed by Approved by
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WELDMNG PROCEDURE SPECIFICATION

Material spedficaon/grade to

Fabricakor WIPE Mo
SHandard Dhake

Procass POR Ha.

Edge preparafion Pags

Walding drection Ravigion Daka
Range qualified Posions

Prahaal emparalura PWHT

Meafod and chedk method Hald

Intar-run lemperalune (Fax) Dihar

Jaint sketch

FiLam & ey et @

Joint tolerance
Pre-qualifiad joint Ma.
Ta Tabls
Rod gap & mm
Raool aca 5 mem
Induded angle 6
Backifig

Welding consumables

Spacificalion—Rool Ramaindar Flux
Classificalion—Roal Rermaindear
Shielding gas Flowrate
Purge gas Flowrate
Weld run details Welding parameters
Fass no. Bide Position gmm | Tradename | Amgerage Vialtage Current Trave Heal input
range range and spead
polarity | memdmin
Tedhnigue Skinger/weave
Single-run of multi-run Elecirical stick-oul
Witial deaning Badkgouge
inter-run dean Gouge check
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APPENDIX D
MATTERS FOR RESOLUTION

(Mormative)

The following matters of a contractual nature shall be resolved:

(a)
(b)

(e)
(d)
(e)
(f)
(g}
(h)

(i)
()
(k)
i
{m)
(n)
(o)
(p)
(q)
(r)
(s)

(t)

{u)
(v}

(w)
(x)
(¥}

Nomination of weld categories and nominal tensile strength of welds (see
Clause 1,1,2).

Increased penetration from fully automatic arc welding processes (see Clauses 3,2.2
and 3.3.2).

Where seal welds are required (see Clanse 3.5).

Approval of welding procedures (see Clauses 4.1 and 4.2).
Method of gqualification of welding procedure (see Clause 4.2).
Prequalification of consumables (see Clause 4.6.1).
Qualification of non-prequalified steel types (see Clause 4.7.1).

Whether Charpy  Venotch impact test is required for heat-affected  zone
(see Table 4.7.1).

Hardness of heat-affected zone (see Table 4.7, 1 and Clause 4.7.9).

Preparation of special test piece (see Clause 4.7.2).

Availability of records, for perusal by inspector (see Clause 4. 10).

Qualifications of welding supervisor (see Clause 4.12.1).

Cuali fications of welders {see Clause 4,.12.2).

Misalignement of plates of equal thickness (see Clause 5.2.2).

Tolerances for butt-welded joints, for electroslag and electrogas (see Clanse 5.2.2),
Welding and cuttin g under stress (see Clause 5.7.2).

Peening (see Clause 5.7.3).

Correction of distortion (see Clause 5.7.4).

Weld surface quality requirements, to comply with painting specifications
(see Clauses 5,11 and 5.12).

Type and extent of mspection, ncluding requirements for NDE, ultrasonic
examination for the detection of transverse cracks in weld metal, and the value of L as
the basis for assessment under Tables 6.2.1 and 7.4 (522 Clauses 6.3, 6.4, 6.5, 6.6
and 7.4).

NDE technique and alternatives (see Clauses 6.3.1, 6.4.1, 6.5 and 6.6).

Correction of faulty (defective) welds and cost of weld repair and associated NDE
(see Clauses 6.3.3, 6.4.3 and 6.7,

Whether a test report is required (see Clause 6.8).
Qualification of MDE technicians (see Clause 7.4,

For plates with a thickness of not less than 20 mm, whether a portion of cach
multi-pass butt weld should be tested, to determine whether there are any transverse
cracks within the weld metal (see Table 7.4).
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Where practicable, it is recommended that the principal resolve any problems with the
fabricator, before work is commenced.
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APPENDIX E
WELDED JOINT AND PROCESS IDENTIFICATION

(Normative)

E1l NOTATION FOR JOINT IDENTIFICATION

The notation used for joint identification n the first column of Tables EI to E4 is the
following:

W-X ¥z
where
W= joint type identification, as follows:
B = butt joint
C = comer joint
F = fillet jomt
H = joint for hollow sections to AS 1163 and AS 1450
T = T joint
X = penetration dentification, as follows:
C = complete penetration
P = part (mcomplete) penetration
¥ = preparation identification, as follows:
| = square
= single-V
= double-V
= gingle-bevel
double-bevel
= gingle-1
= double-1J

- - I - T B e
i

= single-J
9 = double-]
z=a b, ¢cord todistinguish between diagrams showing variations of the same
prequalified joint.
E2 NOTATION FOR DIMENSIONS, POSITIONS AND BACKING MATERIAL

The notation used for dimensions, positions and backing material in Tables E1 to E4 is the
following:

D = depth of preparation, in millimetres
DTT = design throat thickness, in millimetres
F = flat position

F, = width of root face, in millimeatres
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= width of root gap, in millimetres
= horizontal position
= material of backing as specified

= overhead position

ASTNES 155412004

i

H

M

ME = material of backing as specified, but with backing removed after welding
(w5}

R

= oot radius (the pomt from which the radins is generated lies on a hine projected

from the root face), n millimetres
A = gize of weld, m millimetres
& = apparent size of weld, in millimetres
i = plate thickness, in millimetres
¥ = vertical position
= depth of one preparation in a double-V butt weld, in millimetres
L1 = included angle of preparation, in degrees.

E3 NOTATION FOR PROCESSES

The notation used for welding processes is the following:

EGW = glectrogas welding

ESW = glectroslag weldin g, including consumable guide
FCAW(C or M)

flux-cored are welding with gas shielding, where C indicates shielding

with carbon dioxide and M indicates shielding with mixed gases

FCAW(N) = flux-cored arc welding without gas shielding, where N indicates no gas
shielding

GMAW = pas-shielded metal-are welding or MIG

GTAW = pas-shielded tungsten-arc welding or TIG

MMAW = manual metal-arc welding

SAW = submerged arc welding

E4 EXAMPLE

A sgquare comer joint complete penetration butt weld, welded both sides using submerged

are welding, can be described as C-C le - 5AW,



Tha noiztion used is given in Paragraphs El to E3.

For requiremenis for gouging the roots of the weld, ses Clanse 452,

TABLE EIl
PREQUALIFIED COMPLETE PENETRATION BUTT WELD PREPARATIONS

{ins metal-arc pulsed-iransfer mode may be used for these prepamtions where averags coment axceeds 250 A

1
2
3  For dimensional falerances of weld prepamniims, see Tahls 522,
4
5

Cins medal-arc welding with globular transfer mode may be wied with 0% g g

Jaint Freparation Fl red Gas metalare, | Gas metal-are, |Elkectroslag,
et . e taiil Manual Eubmer ged nCi-emires S spray transfer |short-circuiting | including | Gas-tungsten
jdenti- Juint type . sel s hielded L
fication - {see Notes 2 metal-arc BIre and sasshielded [see Motes 4 arc transfer or |consumahble Bre
mnd 3y L and 5) pulsed mode guide
B-C la |[Close-joini square bull weld, r ¥ max. 12 max. 6 max. 6 max. 3 max.
[elded bath sides Pasition All F F F All
_L ir 1] 1] 1] 1] 1]
!
— a7 T
B-C |h [Open-join square boit weld, r i max.. 10 ma. 6 max. ‘A0 min. 6 max.
[elded bath sides Pasition All Al Al v All
5 f J‘_ iz 2 i 2 5 2

[ | ¢

a—H— T

[ cantinued)
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TABLE El ({cantinued)

Jaint Fre paration Flus-cored sre Gias metalare, | Gas metal-are, |Elkctroslag,
ide nti Joint tv e tmil Manual Hu bmer ged IEshielded " | spray transfer |short-circuiting | inchding | Gas-tungsten
+_|_ :: - =nt type [see Notes I metal-are Bire 5: - I;_ Ided (see Motes 4 | mre transfer or |consumahle Bre
tatian and 3y mn gas-shie and 5) pulsed mode guide
B-C lo m-joini square bufl weld and Y & max. 1Z max. 1Z max. 12 max. 10 max. 20 min.
Jai lded side with
C-Cla ﬂ?@-’“’;’;‘]’“ e e Pasition All F All F Al v
/_q'.'l. ir r [ [y HWE E 25
¥
L ]
i
«M or MR
T-{ la |[Oper-joint square T-buit weld and Iy i max. 10 max. i max. A0 min. i max.
e 1y [ Jint welded bath sides Pasition All Fa&H Al v All
T Y, i i 2 [ ] e 2
-
et T
‘o
C=C 1o |Closa joind square T and comer 'y 3 10 i man. i man. ¥ max.
Tog: 1 oML it welled hath sdes Pasition All F F F All
I| T/ " _L i 1] L] L] 1]
¢l
S T
i
{continued)
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TABLE El {continued)

. Freparation Gias metalare, | Gas metal-are, |Electroslag,
Jaoint Flux-cored src, . . . )
. . . de tail Manual Submerged . spray transfer |short-gcircuiting | including | Gas-tungsten
identi- Juint type . selfshielded e
ficati - [see Notes 2 metal-are BiIre d hielded [see MNotes 4 arc transfer or | oonsumable Bre
featian and ¥y End gas-shle and 5) pulsed mode guide
B-CZa [Single-V boil well and cormar [ All All Al All Al Z0 max.
C.C 29 oL welded both sides Pasition All F See F Sex @ All
g [0 i5 a 3 a 3 3
| i _“‘ ’f _L; F 1.6 [ 3 4 i 15
i il il 50 for T, H & OH 50 50 for F, H & il
In':-— 6l far ¥ OH
. &0 for V
B-C 2b [Single-V buil weld and cormer I All All All All All
o 2y 01, welded ane side with Pasition See @ F See @ F See @
fhacking sirip
o Ree @ Semd L] f
% n F, 0 0 0 L5 0
ANl + ¢ 0 20 for F & OH: W:G=6 [30for F, H & OH 30 30 for F, H &
i | |—I__ =12 20 o= 15 45 for V {H
:.: 3 fir F & OH: G = 45 for ¥
A1 9
*M or MR 45 for all: G = 6
B-C 2o [Single-V butl weld, welded mne r 20 max. 20 max. 20 max. 20 max.
[ride with backing strip Pasition H H H H
|—-l-—|7/-'iL G 5-8 58 5.8 5-8
H ' & F i ] i i
i, 45 45 45 45
__I_- | iy 15 15 15 15
b or MR

{cantinued)
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TABLE EI1 (continued)

, Freparstian (e metnlare, | Gos metal-are, |Electroslsg,
Juwint Flux=cored arc, . . .
. . . e il Manual Hu bmer ged . spray transfer |short=circuiting | including | Ges-tungsten
identi- Juaint type . selfeshielded o
Fic ti - {see Notes 2 metal-are Bre d hielded (see MNotes 4 arc transfer or |consumahble are
e atian and X} sl gassie and 5} pulzed made guide
B- 2d [Single-V buil weld, weldad hath F I? max. 37 max. 32 max. I max. I? max. 20 max.
Fides Pasition All F ATl F Al All
Back
" gouge iz 1] 1] 1] 1] 1] 1]
_L I T max. L Y] i3 max. T max. &1 max. &1 max.
.rb'f:-._' ‘i‘ @ &0 &0 &0 &0 &0 &0
[
Hack gouge Lo sound
matal bafore walding
spocond mide
B-C3 [Double-V buil weld ¥ All Al All All All 20 max.
[WOTE: Depth X may range from . _ .
I8 e - F)ioafr - F) Pasition All F Rea 0 R 0 All
ir I5 1] k] 1] 4 3
o 1.5 & I i 1] 15
1] &0 &il 50 for F, H & OH 50 S0 for F, H & &l
&l for W OH
& for W
[ candinued)
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TABLE EI1 (continued)

, Fre par ation Gas metalare, | Gos metal-arc, |Electroslag,
Juint Flux-cored arc, R . .
. . . e tail Manual Bu bmer ged . spray transfer |short=circuiting | including | (Gas-tungsten
identi- Juint type . self-shielded ,
Fic ati (see Motes I me b= mr ¢ AIre d hielded (see Motes 4 | arc tramsfer or |consumahle Are
xaien and 3} Lkl L and 5} pulsed made guide
B=Cda [Single bevel boit weld, T and ¥ All All Al All All 20 max.
T-C 4a [ Joint, welded bath sides Pasition All F&H See @ F& H See @ All
C=-Cda & i Is 1] 3 | 4 3
—t— 1
—t i -5 o 1.5 [ 15 4 1] 15
i S T 1] 45 &ill 50 for F, H & OH 50 50 for F, H & &l
- L LA &l for W OH
la &0 for ¥
o r.-""r'"f-
<) |
- ] __"H -3
f
I.l'-'r— &G T
L P
(B}
B-C 4b [Singla beval boit weld, T and ¥ All All All All All
T-C 4p [ Joint, welded ane side with | p o) See @ F&H See @ F& H See @
fhacking sirip
iC-C db i Bee @ Ben @ Bee 0 5 Bee @
l[.-""';' sdge , ! =
or horirenta
ition Fo 1] 1] 1] L] 1]
_L il 20 faor F: 7= 11 I forF: = (30 for F:G=10 | 30 forF& H |30 for F: &= 10
I (A= 4b only) 10 A5 Ffr WV, H & A5 for W, H &
(G T 30 for F: =9 mm |45 for H: {7 = OH: =5 OH: =6
45 for all: =6 [
8 (a) mm
-
< 1
o T

«M or MR 1B

{continued)
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TABLE EIl {continued)

, Freparation (ias metmlare, | Gos metal-arc, |Electroslag.
Juint Flux-cored arc, . . .
. . . detail Manual Hu bmer ged . spray transfer |short=circuiting | including | Gas-tungsten
identi- Juint type . selfshielded .
Fic ti - {see Notes 2 metal-arc BIre d hielded [see Motes 4 arc transfer or |consumahble Bre
fatian and 3y md gamsle and ) pulsed made guide
B-C5 [Dovhle-hevel buil weld, T and r All Al All Al Al 20 max.
To 5 [FOTET Fnt Paosition All F Zee @) F Gew i) All
C-C5 ir I5 1] 15 1] 4 3
o 1.5 [+ 15 3 1] 1.5
T 1] 45 &il 150 for F, H & OH 50 S0 for F, H & &il
N 1 &0 fior V Ol
-G'_-I—-a/)\ Gl for ¥
B=C fa [Single=17 buil weld and cormer r All All All All Al All
- G fioimnt, welded both sides Pasiltion Bee 0 F All Flat All All
B iz 1.5 15 4 15
Y—-—’/-?_’r J_ F, 1.5 15 0 15
f . f R & E - E E &
[ —— L= T 1] 30 for F & OH 20 11 30 1] 45
[ 45 forall
B-{ &b [Single-1] buit weld and corner ¥ All Aldl All All All
o gy ot welded ane side with Pasition See @ F All - Al
o fhacking =irip i )
ir 7 & i &
B
m_ 1 F. 1.5 15 0 L5 0
i .JI' - R 4 K K K
:| T 30 for F & OH 20 11| 30 1]
G Fr 45 forall
L
# M ar MA
[ cantinued)
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TABLE EIl ({continued)

, Fre paration Gias metalare, | (Goas metal-are, |Electroslag.
Joint Flux-cored arc, . . .
. . . detail Manual Submerged . spray transfer |short-circuiting | including | Gas-tungsten
identi- Juint type . selfshielded e
Fic ati - [see Notes 2 metalarc BIre d hielded {see Motes 4 arc transfer or | oonsumable Are
kaban and ¥y m gneshle and ) pulsed maode guide
B=C7 [Dowble-17 buit wald, welded baoth ¥ All All All Aldl All All
frides Pasition See @ F All F All All
g ir 1.5 1] 15 1] 4 15
W o 1.5 3 1] 1.5
| 'qj'?'}LI'_ —[ R é & B é
ﬁfi i J. 30 for F & OH 20 30 0 k'l 45
T P 45 forall
F a L5
B-C Ba [Singa-] buil weld, T and cormar 3 All Al All Al All All
Tog: 8y ot welded bath sides Pasition Zee @) F: MMAW ar All Fi&H All All
S~ EAW weld on
C=-CR
. | 8 secomnd side
' ; ; )
]
+ ir 1.5 3 L5 4 15
| H_ E I.-_" - r
: I — T F, 1.5 [ 3 4 1] 15
| G—t— R & See @ Sea @ £ £ &
1. 1
1] 30 for F & OH W =12 30: B= 10 45 45 45
45 forall 45 R=6 45: R=5

{cantinued)
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TABLE El ({cantinued)

, Fre paration Gias metalare, | Gos metal-are, |Elctroslag.,
Jaoint Flux-cored arc, . . .
. . . detail Manual Submer ged . spray transfer |short-circuiting | including | Gias-tungsten
identi- Juint type . sel Fshieldedd .
ficati - (see Notes 2 metal-arc BIre d hielded {see Motes 4 | mre transfer or | consumahle Bre
katian and 3y End gassiile and ) pulsed maode guide
A= Eb [Single=] buit weld, T and comer 3 Al All All All 20 max.
Tor: gy 0L welded ane side with Pasition Sew @ F F F Al
fhacking =irip
C=C Eb i T ] ] 3 [
-i_ﬁ_% J_ o 1.5 2 1] 3 1]
| 1 L~r R & &
}
| j—-_—l T 30 for F & OH 30 45 45 45
| G-—— R 45 for a1l
e
(a
PR}
i
1
& T
'
M or MR (B
B-C9 [Dowhle-] bufi weld, T and comear i All All All All All All
T-cg o™ Position See 0 F: MMAW or Al F& H ATl All
- EAW weld an
=9
second side
i 1.5 1] 3 1] 4 15
= F, 1.5 [ 3 4 1] 15
R [ Bea @ [ B - [
1] 30 for F & OH I R=12 45 45 45 45
45 forall 45 R =6

P PR FENEY
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TABLE EX

PREQUALIFIED INCOMPLETE PENETRATION BUTT WELID PREPARATIONS

The noiation used is given in Pamgraphs El to E3.

For increased 07T fior fully aniomatic process, see Clise 322,

{iax metal-arc pulsed-iransfer mode may be used for these preparations where average cumreni exceeds 250 A

i
2
3 Fordimensional talerances of weld preparations, see Tabhle 522,
4
5

{ims metal-arc welding with globuolar irmnsfer mode may he wed with Ok shielding gas.

Freparation o et
Jaint . detmil Manual Submerged Mac-corad wre, | Gas metal-are, ure, thari. Gas-tungsten
dentificati Jaint type s 3 N st W=shielded spray transfer  |circuiting arc
IRl e l!it:n.dn;? c - ke and ges-shielded |[(see Notes 4 and 5) | transfer ar nrE
pulsed made
B-F la i lose-join square boil well, T I max. 6 max. 4 max. I max. 3 max. T max.
[welded ane side Position All F F& H F&H All All
J_ 7 0 0 I 0 I 0
f nir 0.75¢ 0.75¢ 075 0.75¢ 2
T 0L.75r
———F
B-F 1h {pen-joint squara bufl weld, weldad T 6 max. E max. i max. & max. & max_
ame side Pasition All Fé& H F&H All All
4T J__ ir 2 ' ] 2 a2
i ] _F_ niTr 0.75¢ 075 0.75¢ w2 -
E'—.-I—I L4
B-F ¥a i lose joind single-V buil weld and T All Al All All All ) max.
c.pz  [omerjoim, wekled one dde Positiam All F Sea @ F Ses B All
L G 0 0 0 0 0 .
I YTV nrr Sem @ n-3 n-3 n -3 D
{, : "T‘__ _!_ i 45 OTT =D -3 &l S50 for F, H & OH 50 S50 for F, H &
— 1t —I" &0: DTT= 1 60 fior OH 0
- & for ¥

{continued)
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TABLE EX (continued)
Freparation Gt wmectal-
Jwint Jui detmil Manuszl Submerged nu;t:ﬁd‘:' G mm.l'.i::‘ b ::.'hurt- Gias-tungsten
i dent ification aint type {see Nates 1 metalare are s I =shielde spray transfer  |circuiting arc are
' . and ges-shielded |[{see Notes 4 and 5) | transfer ar
and 3}
pulsed made
B-P3  [Close joini double-V buit weld, ¢ All Al All All All 20 max.
hove k] hoth sides
2 Paszitimm All F Baai F Beaa 0 All
*({"—/;Lk_ i 0 0 1] 1] 0 0
||!:I| nir Bea 0 Iy + Dy (i + I,y -6 (D + k) -6 (i + Dy -6 0y + Dy
rT 1] A5 (0 + D) -6 &0 S50 forF, H & OH 50 S0 for F, H & 1]
oY J_ 60: Dy + Dz 60 fir V OH
6 for ¥
s
B-F 4a i ln=a joini single-bavel ol wald, 'y All All All All All 20 man.
cpyg | omd comer jint, welded me side Pasition All F&H All F&H All All
T-I 4 T, G i i i i i i
= '_-l’_ niT -3 n n-3 -3 n-3 n
—=—0G 1] 45 &0 45 45 45 &0
[ candinued)
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TABLE E2 (continued)
Freparatien Flux-cored mre iz metnl-mre f.': ::Iht:.r:-
. J.uint . Juint type dﬂf.” Pl i | Sk el st If=shielded | spray trlnsftr‘ tirtu1iting Wre G-t mngelen
identification (see Motes I metalarc Bre and ge-shiclded [{sce Notes 4 and 8) | transfer or BiIre
wmd ) pulsed made
A-F5 i Tnse joint donhles bevel buil weld, r All All All All All 20 man.
T-p5 [0 20d comer join Pasition All F All FaH Al Al
C-F5 * [:] ir o o 1] o o o
[ pIT (I + Dz) —6 Dy + Dy (D + De)—6 i+ De)—6 |y +Dg -6 | Dy +Dy
| el g 45 &0 45 45 45 &0
i L
L
B-F# 5ingle-17 hufl weld and comer jaoint, ¢ All Al Al All Al 20 max.
C-Fé& rebled ane side Pazitiom All F All F&H All All
¢ L 1.5 a 1] o a a
_{_T_/-;;_"“_ _&_ R 6 6 6 6 6 6
o nIrTr o o o n o o
_ll_ —i_ 1] 45 20 30 X0 | 45
——
A-F7 [Double- 17 boit weld, waldad hoth r All All All All All All
[rides Position All F All F&H All All
8 i 1.5 a 1] o a a
R G G ] L] G G
L EA%::DI .—[ nrr oy + iy oy + iy Iy + Ik iy + Dy Iy + g Iy + g
RS Gl | i 45 20 30 30 30 45

{candinued)
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TABLE E2 (continued)

Freparation G el
Jaint . detail Manual Submerged Mic-cored are, | Gos metal-are, I, Hharis Gas-tungsten
identification Jaint type (see Notes 1 S arc s¢f=shielded spray transfer  |circuiting arc are
! .dJ and ges-shielded |[(see Notes 4 and 5) | transfer ar
mash puled made

B-FE [Single=] buit weld, T and C joint, ¥ All Al All All All 20 max.
T-pg  [weked one dde Pasitiom All F All F&H All All
C-PFE fi i 1.5 1] 0 1} 1] 1]

i s }_ R 10 12 10 10 10 10

[ T _.IT.":-»_, :' - nrTr n n n n n n
T==- _.|' 1] 45 20 for B & O joinis 45 45 45 45
et o 45 fior T joinis

B-PF9 [Demble-J buil weld T and comer i All Al All All All All
T.pg ot welded bath sides Pasition All F All F&H All All
C-pa . B i 1.5 1] i 1} 1] 1]

1] 77 R 10 12 10 10 10 10

| E-Q_DI_T pIT m, + Dy m, + Dy o+ o, + Dy Dy + Dy Dy + Dy

15— 1 @ 45 20 for B & € joints 45 45 45 45

| 8.
Tt
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TABLE E3

FREQUALIFIED FILLET WELD PREPARATIONS

NOTES:
The notation nsad 15 given in Paragraphs E1 to E3.

1

2 For moreased DFT for folly sutomatic processes, see Clanse 332
3 DIT = DIT + DIT,
18— & &
-Slm + SEME
4 DIT = DIT, + D77,
- S sin 8 N §3sin 8
G : G :
+ +poopad | (G4 g sind - — = N,cm#| k{5, End
[slmasx]{mf [Szmﬁ,;]{zf
l:ﬂ: Joint Joint deseript brT
enll= type scriplion {#ee Mote 2)
fication
F1 Pasion { Fillet weld with equal leg sdze ad no 5
ahion faca rool gap; for gap toleran ces, see E
Clanse 523
L =90
&
-4 LEE -3
F2 Fillet wekl with aqual leg size, bot with Pt
rodd gEp
=90 2
F3 Fillet wekl with unaqual leg size B8
=90
51 +83)

{ comtimued)
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TABLE E3 (continued)

ASMES 1554 1122004

Juint DIT
identi- Joint ty pe Joint deseription (see Note 7)
fication
F4 Lap joint with unfosed edge— 5
applicable for t= 6
&= 90 :g
Fs Lap jodnt with fosed edge—
Flate sdge ] 4

burnt away

applicable for < &

&= &l 1o 90

E =T =90
A
=
Fa Built out hers Lap jodnt with bodld-op edge— 5
to ensure mo —
deficiency of q&p]icﬂ:-]uﬂl:;]}] thicknesses -r.E
5 #ize and throat
F7 Skewed T-joint with no root gap, {soe Note 3)
weldad both sddes
&= &l to 90
Skewed T-joint with root gap, welded {see Motz 4)




NOTES:
The nottion wed is given i Paragraphs E1 o E3.

TABLE E4

PREQUALIFIED COMPLETE PENETRATION BUTT WELD PREFPARATIONS
FOR HOLLOW SECTIONS WELDED FROM ONE S51DE

2 For dimensional iolerances of weld preparations, ses Table 5.2.2; excepl where this Table specifies dif ferent tolerances.
3 (fas meial-arc puled-iransfer mode may he wed for these prepamations where average cumeant exceeds 250 &
4  {izs metal-arc welding with glohular iransfer mode may be use with 002 gadeg g=
Jaint Freparstion Flux-cored mre, Gax metsl-are, G Tm..l'.. e, St Gax-
. X X X Manual Subm erged X circuiting mrc
iden ti- Juoint type detail — arc we IFox hiie b ed sproy transfer transfer or pulsed tun geten
Teation (seeNote 1) : and gas-shielded {see MNotes 3 and 4) o P are
mmd &
H-C la [Square bull weld welded ona side i T max. 3 ma. 3 max.
without backing strip Pemifion Al Al All
/ 1 e 15 15 1.5
i !
= T
H-C' 1b  [Square bull weld weldad one side 3 6 max. 12 max. 12 max. 12 max. 10 max.
with backing strip Pusifion All F All F Al
K f ir r [y r rE L5¢

4

=

« M or MR

i

{congnued)
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s metal-arc, shaort-

Jaiint Freparation Flux=cored arc, Gas metal-are, X \ [T
X X X X Manual Subm erged X circuiting arc
iden ti- Jaint type detail metal-are are s =5 hiie I ed spray transfer transfer or nulsed tungsten
Feation (see Note X} - and ges-shielded {see Motes 3 and 4) o P Are
mod &
H=C' 1o |[Awii weld squal widih bracs and 3 9 max. 9 max.
o hord welded to one sida Pemifion Fa&l F&H
; i 4 mm min. 1 mm min.
G\%:t
5 o0 Clnse 5.2.2 for wide rool gaps
7}
H=-C' 1d  |[Awmit weld squal widith hrace and I3 D max. 9 max.
i:h:.|:r-:| welded mme side with backing Pemition F&u Fa&H
[sirip
i 4 mm min. 3 mm min.
—o—l—i—f
L~
III,.-
3 or ME
{congnued)
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Jaint

Preparation

TABLE E4 (continued)

Flus-cored arc,

GGas metal-are,

Gas metal-are, short-

-

iden ti- Juint type detmil i | Sl cryed se =z hie ld ed spray transfer circuiting arc tun gsten
X - . metal-are BIre X - transfer ar pulsed
Featian (see Note X) and ges-shielded [see MNotes 3 and 4) mode Bre
H={ Za [Single-V il weld, welded mme sida ¥ 0 max. 20 max. 20 max.
:|'I]1-:.|1.|1 .-a-:a..'lmg mun and without Pemifion Al Al All
acking =irip
Les lio X lio 3 20l
L]
J__ Fr l 2.5 1] 1]
"_\ g"i—{ i i &l &l &l
H-C 2h  [Emgle-V buit weld, welded me sida i All All All All All
[with hacking strip Pumsition All F All F Al
"%C]L G Sio & Saa LTy 540 & LAY
J— F, L] 1] 1] 1]
3 1\‘ l;'; _F i '
— il &l 30 =6 &ill &0 &l
! T 20: G = 15
e
« & or MA

{rongnued)
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TABLE E4 (continued)

Gas metal-arc, shaort-

Juint PFreparstion - I Sub o Flux-cored are, Gas metal-are, X iti Gas-
iden ti- Juint type detail Hanus SulmeEng s s hiie b el spray transfer circuifing arc tumn gsten
X - . metal-arc BIre A - transfer or pulsed
feation {seeNote ) mnd ges=shielded (see Notes 3 mnd 4) mode Bre
H-C 2o [Smgle-V uil weld, welded mne sida ¥ ) max. 2 max. 20 max. M max.
with hacking strip
FH /E:L
L G
Ea
L L
BgE:Jl- 'l
gl
« M ar MR
H-C 4a [Sigle bevel buit weld, welded ona r 20 manc. 20 max. 20 man.
Fide Pasifion All All All
F g G 2o 4 2 ta 4 1.5
4 F. lia3 0 1.5
1 Q _;_ o a5 45 45
| e ol I
{congnued)
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TABLE E4 (continued)

s metal-arc, shaort -

Juaiint Freparstion - 1 Su ed Flus=cored arc, GGas metal-arc, X it Gas-
iden ti- Joint type detail Hhanua Sulmerg st =5 hiie bd ed spray transfer creniting arnc tungsten
X . metal-are Bire X X transfer or pulsed
Teation (seeNote 1) and gas-shielded {see MNotes 3 and 4) made are
H-C 4bh  [Emgle beval bull weld wealded aona ¥ All Al All All
pide with hacking srip Pusifion All All Fa&H Al
8 iz [ [ [ [
.-‘:; £ l Fr 1] 1] 1] 1]
‘,f - i 45 45 45 45
T
& Fr 1
« M or MR
H-Cde |[Bull welded T-joinl, welded one =ide i M max. ) max. 20 max. 20 max.
'{\ Pumition All All F All
B G Seeil Seei See i) See i)
' i
I —L F, 0ol 0o 1 0o 1 R
i La, 0, 45 min. #5min. 45min. 45min.
”E il o ) =45 90: G, =210 5 2452905, =2 oS (245 <900, =205 | =45 < 905G =210 5
L r or 8 Lo }gﬂ:ﬂl_n --'ilﬂ:l'h-ﬂ --'II:G.-U --':H]:ﬁ'.-ﬂ
il w155 25 G =5 > 1SS0 =12 =15 20 = 12 > 15 22 =5
=255 40 h=3 f-Eﬂ:‘.E:ﬁ'g-i f' 20525 Gy=10 :'?:If-d-ﬂ: =1
e "iﬁz - 8 Gy =2 2L W Gy=6 | > 2EEB0: G4 =40 Gy= 1
- »I0S 40: Gy =3 > 30 S 40 Fy= 1
-
iy 30 mim. X0 min. 30 min. 30 min.

Fr

Ikl Profile for & erotch

T Tyl FEMNEY

ol
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Standards Australia

Standards Australia is an independant company, limited by guarantes, which prapares and publishes
most of the voluntary technical and commercial standards used in Australia, Thess standards ars
developed through an opan process of consultation and consensus, in which all interested parties are
invited to paricipate. Through a Memorandum of Undarstanding with the Commonwesalth
government, Standards Ausftralia is recognized as Australis’'s peak national standards body.

Standards Mew Zealand

The firat national Standards organization was creatad in New Zeslznd in 1832, The Standards
Council of Mew Zealand is the national authority responsiblea for the production of Standards.
Standards Mew Zzaland is the trading am of the Standards Council establis hed under the Standards
Act 1888,

AustralianMew Zealand Standards

Under an Active Co-operation Agreament between Standards Australia and Standards New Zealand,
Australian'Mew fealand Standards are prepared by committess of exparts from industry,
govermments, consumers and ofher sectors. The reguiremants or recommendations contained

in published Standards are a consensus of the views of representative interests and also take
account of comments received from other sources, They reflect the latest scientific and indusiry
experience. Australian'Mew Zealand Standards are kept under continuous review after publication
and ars updated regularly to take account of changing tachnobogy.

Intemational Involvement

Standards Australia and Standards New Zealand are responsible for ensuring thiat the Australian
and New Zealand viewpoints are considered in the formulation of intemational Standards and that
the latest intemational expernience is incorporated in national and Joint Standards, This role is vital
in assisting kocal industry fo compete in inflemational marksts. Both organizations are the national
members of IS0 {the International Organization for Standardization) and |EC (the International
Blectrotechnical Commission).

Vigit our web sites
www standards.org.au www.standards.co.nz

www . standards.com.au
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