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DISCONTINUITIES IN WELDED JOINTS,
CAST, FORGED AND MILLED PARTS

Terminology

This Standard replaces and cancels its previous revision.

The CONTEC - Authoring Subcommittee provides guidance on the
interpretation of this Standard when questions arise regarding its contents. The
Department of PETROBRAS that uses this Standard is responsible for adopting
and applying the clauses thereof.

Technical Requirement: a provision established as the most adequate and
which shall be used strictly in accordance with this Standard. If a decision is

CONTEC taken not to follow the requirement (“non-conformity” to this Standard) it shall be

L L based on well-founded economic and management reasons, and be approved
Comiss&o de Normalizacéo and registered by the Department of PETROBRAS that uses this Standard. It is
Tecnica characterized by the verb forms “shall,” “it is necessary...," “is required to...,” “it is

yyyyy

required that...,
expressions having an imperative nature.

Recommended Practice: a provision that may be adopted under the conditions
of this Standard, but which admits (and draws attention to) the possibility of
there being a more adequate alternative (not written in this Standard) to the
particular application. The alternative adopted shall be approved and registered
by the Department of PETROBRAS that uses this Standard. It is characterized
by the verbal form *“should” and equivalent expressions such as ‘it is
recommended that...” and “ought to...” (verbs of a nhonmandatory nature). It is
indicated by the expression: [Recommended Practice].

Copies of the registered “non-conformities” to this Standard that may contribute
to the improvement thereof shall be submitted to the CONTEC - Authoring

SC - 26 Subcommittee.

Welding Proposed revisions to this Standard shall be submitted to the CONTEC -
Authoring Subcommittee, indicating the alphanumeric identification and revision
of the Standard, the clause(s) to be revised, the proposed text, and
technical/economic justification for revision. The proposals are evaluated during
the work for alteration of this Standard.

“The present Standard is the exclusive property of PETROLEO
BRASILEIRO S.A. - PETROBRAS, for internal use in the Company,
and any reproduction for external use or disclosure, without
previous and express authorization from the owner, will imply an
unlawful act pursuant to the relevant legislation through which the
applicable responsibilities shall be imputed. External circulation
shall be regulated by a specific clause of Secrecy and
Confidentiality pursuant to the terms of intellectual and industrial
property law.”
|

Foreword

PETROBRAS Technical Standards are prepared by Working Groups - WG
(consisting of specialists from PETROBRAS and its Subsidiaries), are commented by PETROBRAS
Units and PETROBRAS Subsidiaries, are approved by the Authoring Subcommittees - SCs
(consisting of specialists from the same specialty, representing the various PETROBRAS Units and
PETROBRAS Subsidiaries), and ratified by the Executive Nucleus (consisting of representatives of
the PETROBRAS Units and PETROBRAS Subsidiaries). A PETROBRAS Technical Standard is
subject to revision at any time by its Authoring Subcommittee and shall be reviewed every 5 years to
be revalidated, revised or cancelled. PETROBRAS Technical Standards are prepared in accordance
with PETROBRAS standard N-1. For complete information about PETROBRAS Technical Standards

see PETROBRAS Technical Standards Catalog. Documents
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This Standard is the English version (issued in SEP/2007) of PETROBRAS standard
N-1738 REV.B JUL/2003, which is the Revalidation of PETROBRAS standard
N-1738 REV. A JUN/97, the contents thereof not altered. In case of doubt, the Portuguese
version, which is the valid document for all intents and purposes, shall be used.

m PETROBRAS

FOREWORD

1 SCOPE

1.1 This Standard defines the terms used in the denomination of discontinuities in semi-
manufacture or manufactured materials, originated from processes of de manufacture and/or
erection, fusion welding, casting, forging and milling.

Nota: Discontinuity is the interruption of the typical structures of a part, regarding the
homogeneity of physical, mechanical or metallurgical characteristics. It is not
necessarily a fault. The discontinuity shall only be considered as a fault when, due
to its nature, dimensions or accumulated effect, it makes the part unacceptable,
due to non compliance of the minimum requirements of the applicable technical
standard.

1.2 This Standard is applicable to procedures started as from its edition date.
1.3 This Standard contains Technical Requirements and Recommended Practices.

2 DEFINITIONS

For the purposes of this Standard the definitions indicated in items 2.1 to 2.3.4 are adopted.
2.1 Discontinuity in Welded Joints

2.1.1 Arc Strike

Local fault on the base metal surface resulting from the strike of the electric arc.

2.1.2 Bad Reinforcement Angle

Excessive angle between the base metal surface plan and the plan tangent to the weld
reinforcement, traced from the weld toe (see FIGURE A-1 of ANNEX A).

2.1.3 Elongated Cavity

Empty space not rounded with the larger dimension parallel to the weld axis, may be

localized:
a) at the weld (see FIGURE A-2 part (a) of ANNEX A);
b) at the weld root (see FIGURE A-2 part (b) of ANNEX A). Documents
s (1911 C) HUD
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2.1.4 Concavity
Concavity at the weld root, may be:
a) root concavity located along the center of the weld bead (see FIGURE A-3 part
(a) of ANNEX A);
b) shrinkage groove located on the sides of the weld bead (see FIGURE A-3 part
(b) of ANNEX A).

2.1.5 Excessive Concavity

Fillet weld with excessively concave face (see FIGURE A-4 of ANNEX A).

2.1.6 Excessive Convexity

Fillet weld with excessively convex face (see FIGURE A-5 of ANNEX A).

2.1.7 Angular Deformation

Angular distortion of the welded joint relative to the design configuration (see FIGURE A-6 of
ANNEX A), except for but welded joint (see angular misalignment in item 2.1.10).

2.1.8 Incompletely Filled Groove

Insufficient metal on the weld face (see FIGURE A-7 of ANNEX A).

2.1.9 Linear Misalignment

But welded joint where the part surfaces, even though parallel, are misaligned, exceeding the
design configuration (see FIGURE A-8 of ANNEX A).

2.1.10 Angular Misalignment

Angular misalignment of but welded joint (see FIGURE A-9 of ANNEX A).

2.1.11 Incomplete Fusion

Incomplete fusion between the fusion zone and the base metal or between passes of the
fusion zone, may be localized:

a) on the weld interface (see FIGURE A-10 part (a) of ANNEX A);
b) between passes (see FIGURE A-10 part (b) of ANNEX A);
c) on the weld root (see FIGURE A-10 part (c) and part (d) of ANNEX A).

2.1.12 Inadequate Penetration

Insufficient metal at the weld root (see FIGURE A-11 of ANNEX A).
Documents
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See preferred term crack (see items 2.1.34 to 2.1.44).
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2.1.13 Fissure

2.1.14 Slag Inclusion

Non metallic material retained in the fusion zone, may be:
a) aligned (see FIGURE A-12 part (a) and part (b) of ANNEX A);
b) isolated (FIGURE A-12 part (c) of ANNEX A);
¢) grouped (FIGURE A-12 part (d) of ANNEX A).

2.1.15 Metallic Inclusion

Foreign metal retained in the fusion zone.

2.1.16 Micro-Crack

Crack with microscopic dimensions.

2.1.17 Undercut

Depression in the shape of a cut on the base metal following the weld toe (see FIGURE A-13
of ANNEX A).

2.1.18 Root Undercut

Undercut localized on the weld root edge (see FIGURE A-14 of ANNEX A).

2.1.19 Excessive Penetration

Excessive metal of the fusion zone on the weld root (see FIGURE A-15 of ANNEX A).

2.1.20 Burn Thru

Localized weld burn through (see FIGURE A-16 part (a) of ANNEX A) or excessive
penetration (see FIGURE A-16 part (b) of ANNEX A) resulting from fusion bath burn through
during welding.

2.1.21 Gas Pore

Round, isolated empty space inside the weld.

2.1.22 Superficial Gas Pore

Gas pore emerging to weld surface.
Documents
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Set of gas pores with uniform distribution, however not aligned (see FIGURE A-17 of
ANNEX A).

m PETROBRAS

2.1.23 Porosity

2.1.24 Clustered Porosity

Set of clustered gas pores (see FIGURE A-18 of ANNEX A).

2.1.25 Linear Porosity

Set of gas pores arranged in line, in a direction parallel to the longitudinal weld axis (see
FIGURE A-19 of ANNEX A).

2.1.26 Worm Hole

Set of elongated or fishbone format gas pores located in the fusion zone (see FIGURE A-20
of ANNEX A).

2.1.27 Cracking

See preferred term: crack (see items 2.1.34 to 2.1.44).

2.1.28 Crater Pipe

Metal fault resulting form the contraction of the fusion zone, localized on the weld bead crater
(see FIGURE A-21 of ANNEX A).

2.1.29 Interdendritic Shrinkage

Elongated empty space located between dendrites of the fusion zone.

2.1.30 Excessive Reinforcement

Excess of metal in fusion zone, localized on the weld face (see FIGURE A-22 of ANNEX A).

2.1.31 Spatter

Filler metal globules transferred during welding and adhered to the surface of base metal or
already solidified fusion zone.

2.1.32 Overlap

Metal excess on the fusion zone overlapped to the base metal on the weld toe, not cast to
the base metal (see FIGURE A-23 of ANNEX A).

Documents
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Fillet weld, which legs are significantly unequal not complying with the design configuration
(see FIGURE A-24 of ANNEX A).
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2.1.33 Asymmetric Fillet Weld

2.1.34 Crack

Two dimensional discontinuity caused by local rupture of the material.

2.1.35 Crater Crack
Crack locates in weld beam crater, it may be:
a) longitudinal (see FIGURE A-25 part (a) of ANNEX A);

b) transversal (see FIGURE A-25 part (b) of ANNEX A);
c) star shaped (see FIGURE A-25 part (c) of ANNEX A).

2.1.36 Star Crack

Radiating crack smaller than the width of a pass of the considered weld (see radiating crack
in item 2.1.38).

2.1.37 Lamellar Tearing

Crack in the shape of steps, located in plans parallel to the milling direction, located on the
base metal, close to the fusion zone (see FIGURE A-26 of ANNEX A).

2.1.38 Radiating Crack
Set of cracks starting from the same point, may be located on:

a) fusion zone (see FIGURE A-27 part (a) of ANNEX A);
b) heat affected zone (see FIGURE A-27 part (b) of ANNEX A);
¢) base metal (see FIGURE A-27 part (c) of ANNEX A).

2.1.39 Longitudinal Crack

Crack with direction approximately parallel to the longitudinal axis of the weld bead, may be
located on:

a) fusion zone (see FIGURE A-28 part (a) of ANNEX A);

b) weld interface (see FIGURE A-28 part (b) of ANNEX A);

¢) heat affected zone (see FIGURE A-28 part (c) of ANNEX A);
d) base metal (see FIGURE A-28 part (d) of ANNEX A).

2.1.40 Toe Crack

Crack starting on the weld toe, generally located on the heat affected zone (see
FIGURE A-29 of ANNEX A). Documents
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2.1.41 Root Crack
Crack starting on the weld root, may be located on:
a) fusion zone (see FIGURE A-30 part (a) of Annex A);
b) heat affected zone (see FIGURE A-30 part (b) of Annex A).
2.1.42 Branching Crack
Set of cracks starting from one crack, may be located on:
a) fusion zone (see FIGURE A-31 part (a) of ANNEX A);
b) heat affected zone (see FIGURE A-31 part (b) of ANNEX A);
c) base metal (see FIGURE A-31 part (c) of ANNEX A).
2.1.43 Underbead Crack
Crack located on the heat affected zone not extending to the surface of the part (see
FIGURE A-32 of ANNEX A).
2.1.44 Transverse Crack

Crack with direction approximately perpendicular to the longitudinal axis of the weld bead,
may be located on:

a) fusion zone (see FIGURE A-33 part (a) of ANNEX A);

b) heat affected zone (see FIGURE A-33 part (b) of ANNEX A);
c) base metal (see FIGURE A-33 part (c) of ANNEX A).

2.2 Discontinuities in Castings

2.2.1 Chaplet

Discontinuity due to incomplete fusion or the cooling supports or taps.

2.2.2 Shrinking

See preferred term shrinkage cavity in item 2.2.14.

2.2.3 Scab

Surface protuberance consisting of sand inclusion covered with a thin layer of porous metal.

2.2.4 Shift

Discontinuity due to shifting of the contact faces of the molding boxes.

Documents
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2.2.5 Misrun

Insufficient cast metal on the part.

2.2.6 Cold Shut

Globules partially incorporated to the part surface, caused by liquid metal spatter on the mold
walls.

2.2.7 Inclusion

Retention of tap or cooler bits inside the part.

2.2.8 Sand Inclusion

Sand loosened into the mold and retained in the cast metal.

2.2.9 Running Interruption

See preferred term: shut metal in item 2.2.10.

2.2.10 Shut Metal

Discontinuity due to the meeting of 2 runs of cast metal that did not melt.

2.2.11 Porosity

Set of gas pores caused by retention of gases during solidification.

2.2.12 Crush

Discontinuity due to crushing inside the mold.

2.2.13 Rat Tail

Depression on the part surface caused by undulations or faults on the mold surface.

2.2.14 Shrinkage Cavity

Empty space resulting from solidification contraction.

2.2.15 Segregation
Localized concentration of alloy elements or impurities.
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