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FOREWORD

This Part B Book of Specifications is intended to be used as a reference book for taking the hands-on practical
examination that is part of the CWI certification examinations. This practical examination simulates actual
hands-on inspection and document reviews performed by the Certified Welding Inspector (CWI). You are
expected to evaluate the acceptability of test specimens and documents for both procedure and welder
qualifications and production welding by using standard measurement tools, visual inspection, and documents
found in the Book of Exhibits. Acceptability is based upon the information contained in this Book of
Specifications. The practical examination will test your ability to carry out these functions.

Although this Book of Specifications is formatted to look like a real codebook, it is not a real codebook and it
should not be used as one. While some clauses in this Book of Specifications appear to be similar to codebooks
that you are familiar with, read this Book of Specifications very carefully and do not rely on your memory to
make decisions with regards to answers on this examination.

Review the organization of this Part B Book of Specifications. There are specific clauses that relate to
workmanship and visual inspection criteria in three applications: Structural, Pipeline, and Pressure Piping. There
are general clauses for inspection, procedure, and performance qualification that apply to all three applications.
As this Book of Specifications applies to three applications, terms and definitions are not limited to AWS A3.0,
Standard Welding Terms and Definitions.

In addition to the main body of the specification, there are annexes, tables, and figures that are important in
your examination decisions. They are numbered uniquely so as to avoid confusion. Make sure that you have
located all the necessary annexes, tables, and figures before you answer any question.

A Book of Exhibits is used in the exam and contains examples of various documents and photos including but not
limited to WPS’s, PQR’s WQTR’s, heat treat charts, and NDE methods. Neither the test specimens nor the Book
of Exhibits are available for review prior to the examination.

For some questions, narratives will give you information upon which you will be asked specific questions. The
guestion may make reference to locations on certain specimens included in your test kit or refer to documents
within the Book of Exhibits. In addition to the Book of Exhibits, all test kits have standard measuring tools
necessary to complete the examination.

IMPORTANT

1. Read each question carefully and completely, including every choice provided. There will only be one
correct answer. Be careful to transfer your choice of answer to the correct location on the answer sheet.

2. The weld replicas in the assigned test kit are made of plastic to assure that every test candidate receives
the exact same specimens. As a consequence of the replication process, there may be color variations
from actual weld metal and visible seams from the plastic assembly process. Ignore any pinholes, seams,
glue squeezed out, or color variations in your determination of a correct answer.

3. You are expected to know how to use and apply each measuring and inspection instrument in the
examination kit including knowing how to properly zero the instrument where relevant.

4. Use the margins or blank pages in your examination booklet to perform any required calculations. Do
not write in this booklet.
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AWS CWI Practical BOS: 2017 CLAUSE 1.0 GENERAL REQUIREMENTS

1.0 General Requirements
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1.1 Scope

1.1.1 This specification applies to the American Welding Society Certified Welding Inspector (CWI)
examination and shall not be used for any other purpose. The CWI Practical Exam relies on the use of molded
plastic replicas of actual weld specimens and as there are some visual characteristics of metal that do not
reproduce in plastic with sufficient fidelity, the exclusion of acceptance criteria for these characteristics should
not be construed as an endorsement for the exclusion of these criteria for any actual fabrication.

1.1.2 This specification includes representative requirements for Structural Steel, Pipeline, and Pressure
Piping applications. They are intended to be applied to inspector examination weld replicas and not to actual

industrial facilities, equipment, or structures.

1.1.3 Unless otherwise noted, requirements contained in this Book of Specifications, in Clauses 1.0, 5.0, and
6.0, are to be considered general requirements applicable to all three applications.

1.1.4 Normative Annexes in this specification are provided for requirements and Informative Annexes are
provided for information. Both are considered as part of this specification. No inference should be drawn from
the assignment of Normative versus Informative as to the use of the Annex on the examination.

1.1.5 Calculations, formulae, definitions, and material properties used on the CWI examination will be
based on data published in the Annexes to this specification. As this Book of Specifications applies to three
applications, terms and definitions are not limited to AWS A3.0, Standard Welding Terms and Definitions.

1.1.6 Use of the terms “shall,” “should,” and “may” in this specification have the following significance:

1.1.6.1 Shall. Specification provisions that use “shall” are mandatory.

1.1.6.2 Should. Specification provisions that use “should” are non-mandatory practices that are
considered beneficial.

1.1.6.3 May. Specification provisions that use “may” mandate the choice of optional procedures or
practices that can be used as an alternative or supplement to specification requirements.

1.2 Visual Inspection

1.2.1 Visual inspection for cracks in welds and base metal and other discontinuities may be aided by a
flashlight, magnifier, and mirror as may be found helpful or necessary.

1.2.2 Weld sizes, length, and locations of welds shall conform to the requirements of this specification.
1.2.3 Joint preparations, assembly, and welding techniques shall be verified.

1.2.4 Suitable measuring tools and gages shall be used where necessary.
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1.3 Dimensional Tolerances

[e13udy 'L

Unless otherwise specified, the following standard dimensional tolerances shall apply when using this
specification. They do not apply to the dimensions in test specimens, Annex IV, or to discontinuity acceptance
limits.

1.3.1 Decimal tolerances are determined by the number of decimal places (precision) used in the dimension
as follows:

X.X
XXX

0.3 (e.g,, 1.0 mm could be 0.7 to 1.3 mm)
0.13 (e.g., 1.00 mm could be 0.87 to 1.13 mm)

+ I+

1.3.2 Whole number tolerances are determined by the overall dimensional length used in the dimension as

follows:
Whole numbers > 150 mm +3 mm
Whole numbers from 25 to 150 mm inclusive 1.5 mm
Whole numbers from 1 to < 25 mm +0.8 mm
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AWS CWI Practical BOS: 2017 CLAUSE 2.0 WORKMANSHIP/VISUAL — STRUCTURAL STEEL
2.0 Workmanship Requirements and Visual Acceptance Criteria — Structural Steel
2.1 Base Metal Preparation

2.1.1 Mill-Induced Discontinuities. The length of these discontinuities is the visible long dimension
on the cut surface of material and the depth is the distance that the discontinuity extends into the
material from the cut surface. The limits of acceptability and the repair of visually observed cut surface

discontinuities shall be as follows:

(a) Any discontinuity 25 mm in length or less need not be repaired and the depth need not be
explored.

(b) Any discontinuity over 25 mm in length with maximum depth of 3 mm need not be repaired,
but the depth should be explored.

(c) Any discontinuity over 25 mm in length with depth over 3 mm but not greater than 6 mm shall
be completely removed and repair welded.

(d) Any discontinuity over 25 mm in length with depth over 6 mm shall be referred to the Engineer
for disposition.

2.2 Workmanship Requirements

2.2.1 Roughness Requirements. Weld edge prep and other edge surfaces shall be evaluated with
the surface roughness guide AWS C4.1-77. Acceptance criteria shall be as follows:

2.2.1.1 Weld edge prep surfaces for manual and semiautomatic welding processes shall not be
rougher than Sample 3 and shall have no gouges deeper than 1.5 mm.

2.2.1.2 Weld edge prep surfaces for mechanized and automatic welding processes (except SAW)
shall not be rougher than Sample 4 and shall have no gouges.

2.2.1.3 Weld edge prep surfaces for SAW shall not be rougher than Sample 3 and shall have no
gouges.

2.2.1.4 Edges of members not subject to calculated stresses shall not be rougher than Sample 2
and shall have no gouges deeper than 3 mm.

2.2.1.5 All other edges shall not be rougher than Sample 3 and shall have no gouges deeper
than 1.5 mm.

2.2.2 Arc Strikes. Base metal shall be free of arc strikes.

2.2.3 Cleaning of Completed Welds. Slag shall be removed from all completed welds. Spatter is
acceptable unless NDT other than visual inspection is to be performed or otherwise specified.

2.2.4 Fillet Weld Terminations and Starts. Fillet welds shall not be terminated on corners of lap joints.
Terminations and starts shall be as follows:
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AWS CWI Practical BOS: 2017 CLAUSE 2.0 WORKMANSHIP/VISUAL — STRUCTURAL STEEL

2.2.4.1 Statically Loaded Connections. Terminations and starts shall be made by either holding the
weld back from the corner for a distance not less than the specified fillet weld size or by wrapping the weld
around the corner not less than two times nor more than four times the specified fillet weld size.

2.2.4.2 Cyclically Loaded Connections. Terminations and starts shall be made by wrapping the weld
around the corner for a distance not less than two times nor more than four times the specified fillet weld
size.

2.2.5 Repairs. The removal of weld metal or portions of the base metal may be done by machining,
grinding, chipping, or gouging. It shall be done in such a manner that the adjacent weld metal or base metal
is not nicked or gouged. Unacceptable portions of the weld shall be removed without substantial removal of
the base metal. The surfaces shall be cleaned thoroughly before welding. Weld metal shall be deposited to
compensate for any deficiency in size in the weld metal.

2.3 Visual Inspection Acceptance Criteria. All welds shall be visually inspected and meet the acceptance
criteria of Table 1.

2.3.1 Weld Profiles. Weld profiles shall be in accordance with Table 1, Table 2, and Table 3, Figure A,
Figure B, except as otherwise allowed in 2.3.1.1, 2.3.1.2 and 2.3.1.3.

2.3.1.1 Fillet Welds. Unless otherwise specified, the faces of fillet welds may be slightly convex,
flat, or slightly concave as shown in Figure B.

2.3.1.2 Exception for Intermittent Fillet Welds. Except for undercut, as allowed by this specification,
the profile requirements of Figure B shall not apply to the ends of intermittent fillet welds outside their
effective length.

2.3.1.3 Groove Welds. Groove weld reinforcement shall comply with Table 2 and Table 3. Welds shall
have a gradual transition to the plane of the base-metal surfaces.

2.3.1.4 Overlap. All welds shall be free of overlap.
2.4 Fillet Weld Dimensional Tolerances

2.4.1 Weld length and spacing. Unless otherwise specified, the weld length indicated is the minimum weld
length and there is no maximum. The length of a fillet weld is the overall length of the full size fillet, including
end returns (boxing) as measured along the center line of the effective throat and excluding the undersize
portions of starts and stops. The tolerances of subclause 1.3.2 shall be applied to determine if the minimum
length is acceptable, e.g., a 74.2 mm weld length satisfies the requirement for a 75 mm weld.

Unless otherwise specified, the weld spacing (pitch) is the maximum spacing between the centers of adjacent
welds and there is no minimum. The tolerances of subclause 1.3.2 shall be applied to determine if the actual
measured maximum spacing is acceptable, e.g., a 75.8 mm spacing satisfies the requirement fora 75 mm
spacing.

2.4.2 Fillet Weld Size. Unless otherwise specified in the visual inspection acceptance criteria, the fillet weld
size is the minimum weld size and there is no maximum. The tolerances of subclause 1.3.2 do not apply.
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Table 1
Visual Inspection Acceptance Criteria — Structural Steel
Statically Cyclically
Tubul
Loaded Loaded Conl:::t?(:ns
Discontinuity Category and Inspection Criteria Nontubular Nontubular (All Loads)
Connections Connections
1) Crack Prohibition
) X X X

Any crack shall be unacceptable, regardless of size or location.
(2) Weld/Base-Metal Fusion
Thorough fusion shall exist between adjacent layers of weld metal and X X X
between weld metal and base metal.
(3) Crater Cross Section
All craters shall be filled to provide the specified weld size, except for the X X X
ends of intermittent fillet welds outside of their effective length.
(4) Weld Profiles
Weld profiles shall be in conformance with 2.3.1.
(5) Time of Inspection
Visual inspection of welds in all steels may begin immediately after the
completed welds have cooled to ambient temperature. Acceptance criteria
for ASTM A 514, A 517, and A 709 Grade 100 and 100 W steels shall be
based on visual inspection performed not less than 48 hours after
completion of the weld.
(6) Undersized Welds
The size of a fillet weld in any continuous weld may be less than the
specified nominal size (L) without correction by the following amounts (U):
L, u,

specified nominal weld size, mm allowable decrease from L, mm

<5 <2

6 <25
>8 <3

(7) Undercut

(A) For material less than 25 mm thick, undercut shall not exceed 0.8 mm.
For material equal to or greater than 25 mm thick, undercut shall not
exceed 2 mm for any length of weld.

(B) In primary members, undercut shall be no more than 0.25 mm deep
when the weld is transverse to tensile stress under any design loading X X
condition. Undercut shall be no more than 0.8 mm deep for all other cases.
(8) Porosity

(A) CJP groove welds in butt joints transverse to the direction of computed
tensile stress shall have no visible porosity. For all other groove welds and X
for fillet welds, the sum of the visible porosity 0.8 mm or greater in
diameter shall not exceed 10 mm in any linear 25 mm of weld.

(B) The frequency of porosity in fillet welds shall not exceed one in each
100 mm of weld length and the maximum diameter shall not exceed 2.5
mm. Exception: for fillet welds connecting stiffeners to web, the sum of the
diameters of porosity shall not exceed 10 mm in any linear 25 mm of weld.
(C) CJP groove welds in butt joints transverse to the direction of computed
tensile stress shall have no porosity. For all other groove welds, the
frequency of porosity shall not exceed one in 100 mm of length and the
maximum diameter shall not exceed 2.5 mm.

Note: An “X” indicates applicability for the connection type; a shaded area indicates non-applicability. DOCU ments
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Table 2
Weld Profiles (see 2.3.1)

Joint Type
Weld Type Butt T-Joint Lap Corner-Inside
Groove Figure A N/A N/A N/A
(CIP or PJP) Schedule A N/A N/A N/A
N/A Figure B Figure B Figure B
Fillet
N/A Schedule B Schedule B Schedule B
Table 3
Weld Profile Schedules (see 2.3.1)
Schedule A (t = thickness of thicker plate joined for CJP; t = throat size for PJP)
t R min. R max.

<25 mm 0 2 mm

>25mm 0 3mm

<50 mm

>50 mm 0 5mm

Schedule B (W = width of weld face or individual surface bead; C = allowable convexity)
W C min. C max.

<8 mm 0 2 mm

>8 mm

<25 mm 0 3 mm

225 mm 0 5 mm
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DESIRABLE ACCEPTABLE UNACCEPTABLE
R=R
R < Ryax R = Ryax MAX
EXCESSIVE
% t ; ; 2{ 1 % 1 ; ; %
T L — 1 f L= | f L — 1

FIGURE A — WELD PROFILES FOR BUTT JOINT REQUIREMENTS (see Tables 2 and 3)

DESIRABLE ACCEPTABLE UNACCEPTABLE

ST

-

| EXCESSIVE
| CONVEXITY
-d

DETAILED
SIZE

UNDERSIZED
WELD

FIGURE B - FILLET WELD PROFILE REQUIREMENTS FOR INSIDE CORNER JOINTS, LAP JOINTS, AND T-JOINTS
(see Tables 2 and 3)
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AWS CWI Practical BOS: 2017 CLAUSE 3.0 WORKMANSHIP/VISUAL — PIPELINE
3.0 Workmanship Requirements and Visual Inspection Acceptance Criteria — Pipeline
3.1 Workmanship Requirements
3.1.1 Edge preparation details and fit-up dimensions shall be as specified in the WPS.
3.1.2 The beveled ends shall be smooth and uniform.

3.1.3 The alignment of abutting ends shall minimize the offset between surfaces. For pipe ends of the same
nominal thickness, the offset shall not exceed 3 mm.

3.1.4 The number of filler and finish beads shall allow the completed weld a substantially uniform cross section
around the circumference of the pipe. At no point shall the crown surface fall below the outside surface of the pipe,
nor shall it be raised above the parent metal by more than 2 mm.

—
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>
=
D
=
)

3.1.5 Adjacent beads shall neither be started nor terminated at the same location.

3.1.6 The face of the completed weld shall be no more than 3 mm wider than the width of the original groove.

3.1.7 The completed weld (including parent metal) shall be thoroughly brushed and cleaned. All spatter shall be
removed.

3.1.8 Arc burns on the parent metal surface are unacceptable.
3.1.9 Repair and Removal of Defects

3.1.9.1 Authorization. Company authorization is required for crack repairs, back weld repairs and double
repairs. Company authorization is not required for any repairs that do not involve the application of heat or weld
metal, such as grinding, filing, etc. Rework is not a repair and does not require Company authorization.

3.1.9.2 Crack Repairs. Cracked welds shall be cut out unless the repair is authorized by the Company. When
a crack repair is authorized:

(1) acracked weld may be repaired by complete or partial removal of the weld provided the length of a
single crack or aggregate length of more than one crack in a single repair area is less than 8% of the
weld length using a qualified repair procedure;

(2) a weld that contains multiple repair areas with cracks shall not be repaired unless the total
accumulated repair length is less than 8% of the weld length and a qualified repair procedure is
used;

(3) adouble repair of a crack is not permitted. Additional cracking in any weld after repair shall require
a cut out;

(4) shallow crater cracks or star cracks found and contained completely in internal or external weld
reinforcement may be repaired by grinding (i.e., abrasive methods) without a qualified repair
procedure. If the grinding exceeds the internal or external reinforcement, the reinforcement shall be
replaced using a qualified weld procedure.
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3.1.9.3 Repairs of Defects Other Than Cracks. Defects other than cracks in the root, filler, and finish beads
may be repaired with prior Company authorization. A qualified repair procedure shall be required whenever a repair
is made by welding when:

(1) using a welding process, combination of welding processes, or method of application or filler metals different
from that used to make the original weld; or

(2) repairs are made in a previously welded repair area; or
(3) required by the Company.

3.1.9.4 Grinding Repairs. Grinding repairs may be used to remove defects in the reinforcement of root
beads and cover passes provided:
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(1) thereis a smooth transition free of undercutting and other imperfections between the ground area and the
original weld, and

(2) pipe surface contour and the minimum wall and weld thickness requirements are not violated.

If the minimum wall/weld thickness is not known, the grinding depth is limited to the excess root bead penetration
or external reinforcement. The grinding repair length and number of grinding repair areas is not limited. Grinding
repairs do not require the use of a qualified repair procedure.

3.1.9.5 Back Weld Repairs. When back weld repairs are permitted by the Company, a repair procedure shall
be qualified.

3.1.9.6 Welded Double Repairs. A double repair requires prior Company authorization. Subsequent repair of
a double repair weld is not permitted.

3.1.9.7 Weld Repair and Inspection Procedure. Defects may be removed by grinding, chipping, or gouging
or a combination of these methods followed by a weld repair. Prior to welding, the repair groove shall be examined
visually and by either PT or MT to verify complete removal of the defect. Preheat and interpass heat treatment shall
be the same as required for the original weld. The completed repair shall be visually examined and the entire weld
shall be radiographed.

3.2 Visual Inspection Acceptance Criteria
3.2.1 Inadequate Penetration Without High-low (IP). Inadequate penetration without high-low is defined as the
incomplete filling of the weld root. This condition is shown schematically in Figure C. IP shall be considered a defect
should any of the following conditions exist:
3.2.1.1 The length of an individual indication of IP exceeds 25 mm.

3.2.1.2 The aggregate length of indications of IP in any continuous 300 mm length of weld exceeds 25 mm.

3.2.1.3 The aggregate length of indications of IP exceeds 8% of the weld length in any weld less than 300
mm in length.
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1T

L Incomplete filling at root

Note: One or both root faces may be inadequately filled at the inside surface.

FIGURE C - Inadequate Penetration Without High-Low (IP)

3.2.2. Inadequate Penetration Due to High-low (IPD). Inadequate penetration due to high-low is defined as the
condition that exists when one edge of the root is exposed (or unbonded) because adjacent pipe or fitting joints are
misaligned. This condition is shown schematically in Figure D. IPD shall be considered a defect should any of the
following conditions exist:
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3.2.2.1 The length of an individual indication of IPD exceeds 50 mm.

3.2.2.2 The aggregate length of indications of IPD in any continuous 300 mm length of weld exceeds 75 mm.
T
L j
L Incomplete filling at root

on one side

FIGURE D - Inadequate Penetration Due to High-Low (IPD)

3.2.3 Incomplete Fusion (IF). Incomplete fusion is defined as a surface imperfection between the weld metal
and the base material that is open to the surface. This condition is shown schematically in Figure E. It shall be
considered a defect should any of the following conditions exist:

3.2.3.1 The length of an individual indication of IF exceeds 25 mm.

3.2.3.2 The aggregate length of indications of IF in any continuous 300 mm length of weld exceeds 25 mm.

3.2.3.3 The aggregate length of indications of IF exceeds 8% of the weld length in any weld less than 300
mm in length.

|II
Bond is absent: IH/

imperfection
is surface-connected.

FIGURE E - Incomplete Fusion at Root of Bead or Top of Joint (IF)
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3.2.4 Burn-through (BT). A burn-through is defined as a portion of the root bead where excessive penetration
has caused the weld puddle to be blown into the pipe resulting in a hole or depression in the root bead of a single
groove weld. BT shall be considered a defect should any of the following conditions exist:

3.2.4.1 The maximum dimension exceeds 6 mm.

3.2.4.2 The sum of the dimensions of separate BTs exceeds 13 mm in any continuous 300 mm length of weld
or the total weld length, whichever is less.

3.2.5 Porosity (P). Porosity is defined as gas trapped by solidifying weld metal before the gas has a chance to rise
to the surface of the molten puddle and escape. Porosity is generally spherical but may be elongated or irregular in
shape, such as piping (wormhole) porosity. Porosity shall be considered a defect should any of the following
conditions exist:

3.2.5.1 The size of an individual pore exceeds 3 mm.
3.2.5.2 The size of an individual pore exceeds 25% of the thinner of the nominal wall thicknesses joined.

3.2.5.3 Cluster porosity (CP) that occurs in the finish pass shall be considered a defect should any of the
following conditions exist:

3.2.5.3.1 The diameter of the cluster exceeds 13 mm.

3.2.5.3.2 The aggregate length of CP in any continuous 300 mm length of weld exceeds 13 mm.

3.2.6 Cracks (C). Cracks shall be considered a defect.

3.2.7 External Undercutting (EU) or Internal Undercutting (1U). Undercutting is defined as a groove melted or
any reduction of the parent material adjacent to the toe or root of the weld and left unfilled by weld metal.
Undercutting adjacent to the cover pass (EU) or root pass (IU) shall be considered a defect should the maximum
dimensions of Table 4 be exceeded.

Table 4 — Maximum Dimensions of Undercutting (EU or 1U)

Depth Length
s - - -
>0.8 mmor>12.5% of pipe wall thickness, whichever Not acceptable
is smaller
> 0.4 mm but <0.8 mm or > 6% but < 12.5% of pipe 50 mm in a continuous 300 mm weld length or one-
wall thickness, whichever is smaller sixth the weld length, whichever is smaller
<04 < 6% of pi Il thick hich i
0.4 mm or <6% o plztren\;vlellert Ickness, whichever (s Acceptable, regardless of length

3.2.8 Accumulation of Imperfections (Al). Excluding IPD, EU, and IU, any accumulation of otherwise acceptable
imperfections such as P, CP, IF, IP, and BT, shall be considered a defect should any of the following conditions exist:

3.2.8.1 The aggregate length of Al in any continuous 300 mm length of weld exceeds 50 mm.
3.2.8.2 The aggregate length of Al exceeds 8% of the weld length.
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4.0 Workmanship Requirements and Visual Inspection
Acceptance Criteria — Pressure Piping

4.1 Workmanship Requirements

4.1.1 The internal misalignment of the ends to be joined shall not be greater than 2 mm. When the internal
misalignment exceeds the allowable, it is preferred that the component with the wall extending internally be
internally trimmed. However, trimming shall result in a piping component thickness not less than the minimum
allowable thickness, and the change in contour shall not exceed 30 degrees.

4.1.2 Edge preparation details and the root opening of the joint shall be as specified in the WPS.

4.1.3 Surfaces for welding shall be clean and free from paint, oil, rust, scale, or other material that is
detrimental to welding.

4.1.4 The stopping and starting ends of tack welds shall be prepared by grinding or other mechanical means
so that they can be satisfactorily incorporated into the final weld. Tack welds that have cracked are

unacceptable and shall be removed and rewelded.

4.1.5 After welding commences, the minimum preheat temperature should be maintained until the joint is
completed. However, welding may be interrupted and the joint allowed to cool slowly provided a minimum
10 mm thickness of weld is deposited or 25% of the groove is filled, whichever is less.

4.1.6 Arc strikes outside the area of the intended weld are unacceptable.
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4.1.7 As-welded surfaces, including tie-ins, shall be smooth, uniform, and free from overlap.

4.1.8 Base metal surfaces shall be free of spatter.

4.1.9 Repair Welding. Any discontinuities in excess of the maximum permitted in 4.2 shall be removed and
may be repaired by welding after the area has been magnetic particle or dye penetrant inspected to assure
complete removal of discontinuities.

4.1.9.1 Defect Removal. All defects in welds or base materials requiring repair shall be removed by
flame or arc gouging, grinding, chipping, or machining. Preheating may be required for flame or arc gouging on
certain alloy materials of the air hardening type in order to prevent surface checking or cracking adjacent to the
flame or arc gouged surface. When a defect is removed but welding repair is unnecessary, the surface shall be
contoured to eliminate any sharp notches or corners. The contoured surface shall be reinspected by the same

means originally used for locating the defect.

4.1.9.2 Repair Welds. Repair welds shall be made in accordance with a WPS using qualified welders,
recognizing that the cavity to be repair welded may differ in contour and dimension from a normal joint
preparation and may present different restraint conditions. All repair welds shall meet the visual acceptance

criteria of 4.2.
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4.1.9.3 Inspection. All weld repairs of depth exceeding 25 mm or 20% of the section thickness,
whichever is the lesser (as measured from the pipe surface), shall be inspected by radiography and by magnetic
particle or dye penetrant inspection of the finished weld surface. All weld repairs of depth less than 20% of the
section thickness, or 25 mm, whichever is the lesser shall be examined by magnetic particle or dye penetrant
inspection of the first layer of each 6 mm thickness of deposited weld metal, and of the finished weld surface.
Magnetic particle or dye penetrant testing of the finished weld surface shall be done after postweld heat

treatment.

4.2 Visual Inspection Acceptance Criteria. Any of the following indications are unacceptable:

4.2.1 Cracks

4.2.2 Undercut that is greater than 0.8 mm deep. This also includes any other reduction of base metal at the
weld toes.

4.2.3 Weld reinforcement greater than specified in Table 5

>
S T
- able 5
@
(7] Maximum Thickness of Reinforcement for
2 Design Temperature
q
‘_‘; >400°C 175°C - 400°C <175°C
= Thickness of Base Metal (mm) mm mm mm
S Up to 3, incl. 2 2.5 5
(=}
Over 3to 5, incl. 3 5
Over 5 to 13, incl. 4 5
Over 13 to 25, incl. 2.5 5 5
Over 25 to 50, incl. 3 6 6
Over 50 4 note (a) note (a)
(a) The greater of 6 mm or 1/8 times the width of the weld.
NOTES:

1. For double welded butt joints, this limitation on reinforcement given above shall apply separately to

both inside and outside surfaces of the joint.
2. For single welded butt joints, the reinforcement limits given above shall apply to the outside surface of

the joint only.
3. The thickness of weld reinforcement shall be based on the thickness of the thinner of the materials

being joined.
4. The weld reinforcement thicknesses shall be determined from the higher of the abutting surfaces

involved.
5. Weld reinforcement may be removed if so desired.

4.2.4 Lack of fusion
4.2.5 Incomplete penetration
4.2.6 Any other linear indications greater than 5 mm long
4.2.7 Surface porosity with rounded indications having dimensions greater than 5 mm or four or more rounded

indications separated by 2 mm or less edge to edge in any direction. Rounded indications are indications that are
circular or elliptical with their length less than three times their width.
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