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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national st
bodies (ISO member bodies). The work of preparing International Standards is normally car
through ISO technical committees. Each member body interested in a subject for which a t
committee has been established has the right to be represented on that committee. Inter

017(E)

andards
ried out
echnical
national

organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization

he procedures used to develop this document and those intended for its further majnten
escribed in the ISO/IEC Directives, Part 1. In particular the different approval criterianeede
ifferent types of ISO documents should be noted. This document was drafted in accordance
ditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ttention is drawn to the possibility that some of the elements of this document may be the s
atent rights. ISO shall not be held responsible for identifying any or all such patent rights. D
ny patent rights identified during the development of the document willdein the Introductio
n the [SO list of patent declarations received (see www.iso.org/patents).

ny trade name used in this document is information given for the-eonvenience of users and
nstitute an endorsement.

or an explanation on the voluntary nature of standards, the meaning of ISO specific tel
pressions related to conformity assessment, as well as information about ISO's adherend
orld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the fi
RL: www.iso.org/iso/foreword.html.

his document was prepared by Technical Committee ISO/TC 44, Welding and allied p
bcommittee SC 10, Quality management in_the field of welding.

—

his second edition cancels and repldces the first edition (ISO 15614-1:2004), which h
echnically revised. It also incorpdrates the Amendments ISO 15614-1:2004/Amd 1:2(
50 15614-1:2004/Amd 2:2012 and-the Technical Corrigendum ISO 15614-1:2004/Cor. 1:2005.

— =+

jary

list of all parts in the ISO 15614 series can be found on the ISO website.

equests for official interpretations of any aspect of this document should be directed to the Se
fISO/TC 44/SC 10 via-your national standards body. A complete listing of these bodies can be

VWW.iS0.0rg.

his corrected yersion of ISO 15614-1:2017 incorporates the following corrections:

< O =

—]

— in Table\5;the value “10-5” has been added for test piece material A of group 10 for test piece
B of group 5;

- /Eigure 6 has been updated to match the Key.

hnce are
d for the
with the

ibject of
etails of
h and/or

Hoes not

'ms and
e to the
bllowing

rocesses,
s been

08 and

r'retariat
found at

material
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Introduction

All new welding procedure tests are to be carried out in accordance with this document from the date
of its issue. However, this document does not invalidate previous welding procedure tests made to
former national standards or specifications or previous issues of this document.

Two levels of welding procedure tests are given in order to permit application to a wide range of welded
fabrication. They are designated by levels 1 and 2.

Level 1 {Sbased on requirements of ASME Section IX and level 2 15 based on the previous 1ssues of this
document.

vi © ISO 2017 - All rights reserved
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Specification and qualification of welding procedures for
metallic materials — Welding procedure test —

1 Scope

This document specifies how a preliminary welding procedure specificationyis qualified by
fdrocedure tests.

This document applies to production welding, repair welding and build-up welding.

ualification for welding procedures for all practical welding operations within the qualificatig
ocument.

= eNe)

he primary purpose of welding procedure qualificatioii. is to demonstrate that the joining
roposed for construction is capable of producing jointshaving the required mechanical prope
he intended application.

(milso

-

hbrication. They are designated by levels 1cand 2. In level 2, the extent of testing is greater
anges of qualification are more restrictivethan in level 1.

—

Hrocedure tests carried out to level 2'dutomatically qualify for level 1 requirements, but not vig

njickel and nickel alloys ip-all product forms.

Arc and gas welding-are covered by the following processes in accordance with ISO 4063.
111 — manual metal arc welding (metal-arc welding with covered electrode);

114 — self-shielded tubular-cored arc welding;

12 — subnierged arc welding;

13 'gas-shielded metal arc welding;

14 — gas-shielded arc welding with non-consumable electrode;
15 — plasma arc welding;
311 — oxy-acetylene welding.

The principles of this document may be applied to other fusion welding processes.

and

welding

This document defines the conditions for the execution of weldihg-procedure tests and the fange of

n of this

process
rties for

Two levels of welding procedure tests are giveninorder to permit application to a wide range of welded

and the

e-versa.

When no level is specified in a contract or application standard, all the requirements of level 2 apply.

This document applies to the:arc and gas welding of steels in all product forms and the arc welding of

NOTE A former process number does not require a new qualification test according to this document.

Specification and qualification of welding procedures that were made in accordance with previous
editions of this document may be used for any application for which the current edition is specified. In

this case, the ranges of qualification of previous editions remain applicable.

© IS0 2017 - All rights reserved
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It is also possible to create a new WPQR (welding procedure qualification record) range of qualification
according to this edition based on the existing qualified WPQR, provided the technical intent of the
testing requirements of this document has been satisfied. Where additional tests have to be carried out
to make the qualification technically equivalent, it is only necessary to perform the additional test on a
test piece.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.Fdr
undated references, the latest edition of the referenced document (including any amendments) appliey.

ISO 14841, Metallic materials — Charpy pendulum impact test — Part 1: Test method

ISO 3452-1, Non-destructive testing — Penetrant testing — Part 1: General principles

ISO 4068, Welding and allied processes — Nomenclature of processes and reference numbers
ISO 4136, Destructive tests on welds in metallic materials — Transverse tensile test

ISO 5173, Destructive tests on welds in metallic materials — Bend tests

ISO 5817, Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (beam welding
excluded) — Quality levels for imperfections

ISO 6540-1, Welding and allied processes — Classification -of“geometric imperfections in metalllc
materials — Part 1: Fusion welding

ISO 6947, Welding and allied processes — Welding positions

[SO 9015-1, Destructive tests on welds in metallic matertals — Hardness testing — Part 1: Hardness test on
arc welded joints

ISO 9016, Destructive tests on welds in metallic. materials — Impact tests — Test specimen location, notch
orientatfon and examination

ISO 14175, Welding consumables — Gases and gas mixtures for fusion welding and allied processes

ISO 15609-1, Specification and ,qudlification of welding procedures for metallic materials — Welding
procedure specification — Part 1+Arc welding

ISO 156(09-2, Specification_ and qualification of welding procedures for metallic materials — Welding
procedufte specification~—Part 2: Gas welding

ISO 15613, Specification and qualification of welding procedures for metallic materials — Qualificatio
based o1 pre-production welding test

~

ISO 176B6-4, Won-destructive testing of welds — Radiographic testing — Part 1: X- and gamma-ray
techniqueswith film

[SO 17636-2, Non-destructive testing of welds — Radiographic testing — Part 2: X- and gamma-ray
techniques with digital detectors

ISO 17637, Non-destructive testing of welds — Visual testing of fusion-welded joints
ISO 17638, Non-destructive testing of welds — Magnetic particle testing

ISO 17639, Destructive tests on welds in metallic materials — Macroscopic and microscopic examination
of welds

ISO 17640, Non-destructive testing of welds — Ultrasonic testing — Techniques, testing levels, and
assessment
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ISO/TR 15608, Welding — Guidelines for a metallic materials grouping system

ISO/TR 17671-1, Welding — Recommendations for welding of metallic materials — Part 1:
guidance for arc welding

ISO/TR 18491, Welding and allied processes — Guidelines for measurement of welding energies
ISO/TR 20172, Welding — Grouping systems for materials — European materials

ISO/TR 20173, Welding — Grouping systems for materials — American materials

017(E)

General

IFO/TR 20174, Welding — Grouping systems for materials — Japanese materials
IFO/TR 25901 (all parts), Welding and allied processes — Vocabulary

3 Terms and definitions

1

or the purposes of this document, the terms and definitions given in ISO/TR.25901 (all parts)
bllowing apply.

-

IF0 and IEC maintain terminological databases for use in standardizdtion at the following add

— ISO Online browsing platform: available at http://www.iso.org/obp

— [EC Electropedia: available at http://www.electropedia-ofg/

31
un out length
ength of a run produced by the melting of a covered’electrode

P~

Note 1 to entry: See ISO/TR 17671-2.

2
uild-up welding
ddition of weld metal to obtain or restore required dimensions

Sl ]

4 Preliminary weldingprocedure specification (pWPS)

—

he preliminary welding procedure specification shall be prepared in accordance with ISO 15
50 15609-2.

]

[&u |

Welding procedure test

|

he welding‘and testing of test pieces shall be in accordance with Clauses 6 and 7.

—]

he welder or welding operator who undertakes the welding procedure test satisfactorily in acq
Uith this document is qualified according to the relevant national/international standard being]

<

and the

esSes:

H09-1 or

ordance
applied,

paxzidad sl ot o ol oyt b ool s s b e ALl o cb o Ao o At
TOovIaCOtrat it T ercvarnttestrrg T oo Crnere s ortrratc statttar Gar ¢t

6 Test piece

6.1 General

The welded joint to which the welding procedure will relate in production shall be represented by

making a standard test piece or pieces, as specified in 6.2.

If required by the application standard, the direction of plate rolling shall be marked on the test piece
when impact tests are required to be taken in the Heat Affected Zone (HAZ) and shall be mentioned in

the impact test report.

© IS0 2017 - All rights reserved
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For level 1: Any butt joint test qualifies all joint For level 2: Where the joint requirements and/or
configurations. dimension of the test piece are not covered by the

standard test pieces as shown in this document,
the use of ISO 15613 shall be required.

6.2 Shape and dimensions of test pieces

6.2.1 General

The leng

Additior
for extra

Forallt

Figure 3
the reqy

The thic
to 8.3.3.

6.2.2

The test

6.2.3
The test

NOTE
square o

6.2.4

The test

th or number of test pieces shall be sufficient to allow all required tests to be carried out.

al test pieces, or longer test pieces than the minimum size, may be prepared in order to-alloy
| testing and/or for re-testing specimens (see 7.6).

pst pieces except branch connections (see Figure 4) and T-joints (T-butt weld or'fillet weld; se
), the material thickness, t, and the diameter, D, shall be the same for both plates and pipes o
ired length of the test piece to be welded.

kness and/or pipe outside diameter of the test pieces shall be selected. in“accordance with 8.3.}

Butt joint in plate with full penetration

piece shall be prepared in accordance with Figure 1.

Butt joint in pipe with full penetration
piece shall be prepared in accordance with Figure 2.

» o«

The word “pipe”, alone or in combination, is\ised to mean “pipe”, “tube” or “hollow section” excej
' rectangular hollow section.

T-joint

piece shall be prepared in accordance with Figure 3. This test piece applies to fully penetrate

butt welds or fillet welds.

6.2.5

For leve

Branch connection

1: No specific tést piece required. For level 2: The test piece shall be prepared in
accordance with Figure 4. The angle « is the
minimum one used in production. This test piece
applies to fully penetrated joints (set-on, set-in or
set-through joint) and for fillet welds.

<

> O

o

(i

oW

6.3

elding o1 test pieces

Preparation and welding of test pieces shall be carried out in accordance with the pWPS, which they
shall represent. Welding positions and limitations for the angle of slope and rotation of the test piece
shall be in accordance with ISO 6947. If tack welds are to be fused into the final joint, they shall be
included in the test piece.

The welding and the testing of the test piece shall be verified by the examiner or examining body.

© ISO 2017 - All rights reserved
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1
x &
ol
-
a a
Hey
1  joint preparation and fit-up as detailed in the preliminary welding procedure specification (pWPS)
a minimum dimension 150 mm
B  minimum dimension 350 mm
t| material thickness
J
Figure 1 — Test piece for a biitt joint in plate with full penetration
1
J
N . ———— Q
~
a a

Key
1 jointpreparation and fit-up as detailed in the preliminary welding procedure specification (pWPS)
a minimum dimension 150 mm
I} C-outside pipe diameter
t  material thickness

Figure 2 — Test piece for a butt joint in pipe with full penetration

© IS0 2017 - All rights reserved 5
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h
] ©
\ 1
a
Key )
1 joint preparation and fit-up as detailed in the preliminarywelding procedure specification (pWPS)
a mihimum dimension 150 mm \
b mihimum dimension 350 mm

t1, t mdterial thickness

Figure 3 — Test piece for a T-joint

© ISO 2017 - All rights reserved
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D4

ey

joint preparation and fit-up as detailed in the preliminary wélding procedure specification (pWPS)
branch angle )

minimum dimension 150 mm )

outside diameter of main pipe

2 outside diameter of branch pipe

| main pipe material thickness

l“F“FHNQDH"
—

branch pipe material thickness

Figure4 — Test piece for a branch connection

© IS0 2017 - All rights reserved 7
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7 Examination and testing

7.1 Type and extent of testing

For level 1: Type and the extent of testing shall be For level 2: Type and the extent of testing shall be
in accordance with the requirements of Table 1.  in accordance with the requirements of Table 2.

If impact testing, hardness testing or non-destruc-
tive testing (NDT) is required by an application
standard or specification, they shall be carried out

and assgssed in accordance with the requirements
of level 2, unless otherwise specified by the appli-
cation standard or specification.

— longitudinal weld tensile test;
— all weld metal bend test;

— corrosion test;

— chemical analysis;

— microscopic examination;

— delta ferrite examination;

— hardness test;

— cruciform test;

— impact test;

NOTE Specific service, material or manufacturing conditions may require more comprehensive testing tha
is specified by this document in order to gain more-information and to avoid repeating the welding procedur

test at a later date just to obtain additional test data.

— non-destructive testing (NDIY:

An application standard may specify additional tests, e.g.:

J
Table 1 — For level 1: Examination and testing of the test pieces

n

[¢)

Macroscopic examination

2 specimens

Test piece “Type of test Extent of testing Footnote
Butt joint with full Visual testing 100 %
penety atlop — Hgure 1 Transverse tensile test 2 specimens a
qnd Figure 2
Transverse bend test 4 specimens
Fillet yvelds — Figure 3 Visual testing 100 % b

a  For Hend tests, see 7.4.2.

test piec

a

be the same.

b Wheféimechanical properties are required by an application standard, it shall be tested accordingly. If an addition

additional test piece, the welding parameter range, parent material group, filler metal and heat treatment are required to

© ISO 2017 - All rights reserved
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Table 2 — For level 2: Examination and testing of the test pieces

Test piece Type of test Extent of testing Footnote
Butt joint with full Visual testing 100 % —
penetratior} — Figure 1 Radiographic or ultrasonic testing 100 % a
and Figure 2
Surface crack detection 100 % b
Transverse tensile test 2 specimens 0N
Transverse bend test 4 specimens C
Impact test 2 sets d
Hardness test required e
Macroscopic examination 1 specimen —
T- joint with full Visual testing 100 %
pene'tration o Surface crack detection 100 % b
Figure 3

Branch connection with Ultrasonic or radiographic testing 100 % a, g
full penetration — Hardness test required e

Figure 4 Macroscopic examination 2 specimens

f
Fillet weld — Figure 3 and Visual testing X 100 %

Figure 4 Surface crack detection 100 % b
' Hardness test \ required e

Macroscopic examination 2 specimens

4 Ultrasonic testing shall not be used for ¢t < 8 mm andnot for material groups 8, 10, 41 to 48.

Accessible weld surfaces: penetrant testing or(iagnetic particle testing. For non-magnetic materials, penetrant
festing. y

For bend tests, see 7.4.2.

One set in the weld metal and one set.jnthe HAZ for materials 212 mm thick and having specified impact pjroperties
fequired by technical delivery conditionsyand/or if appropriate according to the service conditions. Application gtandards
Iay require impact testing below 12mm thick. The testing temperature shall be chosen by the manufacturer with regard
fo the application or application standards. For additional tests, see 7.4.4.

4  Not required for parent metals: sub-group 1.1, groups 8 and 41 to 48 and dissimilar joints between thesg groups,
xcept for dissimilar joints between sub-group 1.1 and group 8.

f  Where mechanicalproperties are required by an application standard, it shall be tested accordingly. If an gdditional
fest piece is neededsthe“dimensions should be sufficient enough to allow testing of the mechanical propertieg For this
dditional test piece,-the welding parameter range, parent material group, filler metal and heat treatment are refquired to
e the same.

For outside diameter <50 mm, no ultrasonic testing is required, but radiographic testing is required provide(l that the
joint configuration will provide valid results. For outside diameter >50 mm and where it is not technically possiblg¢ to carry
ut ultrasonic testing, a radiographic testing shall be carried out provided that the joint configuration will proyide valid
fesults.

7.2 Location and taking of test specimens
Test specimens shall be taken in accordance with Figures 5, 6, 7 and 8.
For location of hardness and impact specimens, 8.4.2 shall be considered.

It is acceptable to take the test specimens from locations avoiding areas which have imperfections
within the acceptance limits for the NDT method(s) used.

© IS0 2017 - All rights reserved 9
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((

33—

25

Dimensions in millimetres

5—

CCCCCCCCCCCCCCCOCCCCCf el

25

Key
discard 25 mm
welding direction
area|for:
— 1 tensile test specimen
— Ibend test specimens
4  arealfor: (
— impact and additional test specimens if required
5 arealfor:
— ] tensile test specimen
— Dend test specimens
6 arealfor:
— 1 macro testispecimen
— ] hardness.test specimen

NOTE Npt to scale.

Figure 5 — Location of test specimens for a butt joint in plate

10
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end of weld

area for:

— 1 tensile test specimen

— bend test specimens

3 areafor:

— impact and additional test specimens if required
4 area for:

— 1 tensile test specimen

— bend test specimens

5  start of weld; area for:

— 1 macro test specimen

— 1 hardness test specimen (taken from the start of weld)
weld direction

NOTE Not to scale.

Figure 6 — Location of test specimens for a butt joint in pipe

© IS0 2017 - All rights reserved
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Dimensions in millimetres

)

Key

1  discqrd 25 mm

2 macfo test specimen

3 macto and hardness test specimen

4 welding direction {

Figure 7 — Location of test specimens in a T-joint

Key
A macro and hardness test specimen to be taken
B macro test specimen to be taken

a  branch angle

Figure 8 — Location of test specimens for a branch connection on pipe

12 © IS0 2017 - All rights reserved
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7.3 Non-destructive testing

All non-destructive testing in accordance with 7.1 shall be carried out and accepted on the test pieces
prior to cutting of the test specimens. The discard (see Figure 5 and Figure 7) shall not be considered
for NDT. Any post-weld heat treatment (PWHT) that is specified shall be completed prior to non-
destructive testing.

For materials that are susceptible to hydrogen induced cracking and where no post-heating or no PWHT
is specified, non-destructive testing shall be delayed.

epending upon joint geometry, materials and the requirements for work, the NDT shall bq carried
ut as required in Table 1 and Table 2 in accordance with ISO 17637 (visual testing), [SO\17636-1 or
50 17636-2 (radiographic testing), ISO 17640 (ultrasonic testing), ISO 3452-1 (penetranttesting) and
50 17638 (magnetic particle testing). Acceptance levels shall be in accordance with 7I5.

o

P e

~1

4 Destructive testing

4.1 Transverse tensile test

Specimens and testing for transverse tensile testing for butt joint shall be in accordarnce with
IO 4136. The test shall represent the whole thickness except as necessary to obtain parallel [sides on
the specimens. Tensile testing shall ensure all welding processes used and the associated ¢ssential
viariables are tested.

NOTE It is not essential to overlap the specimens as identified in ISO 4136.

v w]

or pipes >50 mm outside diameter, the excess weld“mnetal shall be removed on both faces to|give the
bst specimen a thickness equal to the wall thickness of the pipe.

—

v w]

or pipes <50 mm outside diameter, for which-the transverse tensile test is performed on the full pipe,
he excess weld metal may be left undressed-on the inside surface of the pipe.

—

—

he tensile strength of the test specimen shall not be less than the corresponding specified njinimum
alue for the parent metal unless otherwise specified prior to testing.

<

vl

or dissimilar parent metal joints, the tensile strength shall not be less than the minimum value
pecified for the parent material having the lowest tensile strength.

(%)

71.4.2 Bend test
Specimens and testing for bend testing for butt joints shall be in accordance with ISO 5173:2009.

or thicknesses’<12 mm, two root and two face bend test specimens shall be tested. For thigknesses
12 mm, foupr-side bend specimens may be used instead of root and face bend tests.

\Villwul

v wl

or dissimilar metal joints or heterogeneous butt joints in plates, one root and one face longitudinal
end\test specimen may be used instead of four transverse bend tests.

low

During testing, the test specimens shall not reveal any Imperfection >3 mm in any direction.
Imperfections appearing at the corners of a test specimen during testing shall be ignored in the
evaluation.

7.4.3 Macroscopic examination

The test specimen shall be prepared and etched in accordance with ISO 17639 on one side to clearly
reveal the fusion line, the HAZ and the build-up of the runs.

The test specimen shall include unaffected parent metal and shall be recorded by at least one
photograph of macro cross-section per procedure test.

© IS0 2017 - All rights reserved 13
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The acceptance levels shall be in accordance with 7.5.

7.4.4 Impact testing

Test specimens and testing for impact tests shall be in accordance with this document for location of
specimens and temperature of testing, and with ISO 9016 for dimensions and testing. The striker radius
of 2 mm according to ISO 148-1 shall be used, unless otherwise specified.

For weld metal, test specimen type VWT (V: Charpy V-notch - W: notch in weld metal - T: notch through
the thic i : : i
notch thirough the thickness) shall be used. From each specified location, each set shall be comprised of
three specimens.

Specimgdns shall be sampled from a maximum of 2 mm below the upper surface of the parent'metal and
transvefse to the weld.

In the HAZ, the mid-point of the notch shall be at 1 mm to 2 mm from the fusion line. In the weld meta],
the mid{point of the notch shall be at the weld centreline.

For butt joints where the material thickness is t > 50 mm, two additional setsof specimens shall be
taken frpm the root area, one set taken in the weld and one set taken from the HAZ.

For joints between materials with the same material specification and designation, the absorbefd
energy ghall be in accordance with the appropriate parent material.standard unless modified by the
applicatjon standards.

t

For dissimilar metal joints, impact tests shall be carried out onspecimens from the HAZ in each parer
metal and the absorbed energy shall be in accordance with the appropriate parent material standard.

-

The average value of the three specimens shall meet-the specified requirements. For each notc
location} one individual value may be below the minpimum average value specified, provided that it i
not less than 70 % of that value.

[72)

Where rhore than one welding process or type of covering and fluxes are qualified in a single test piec¢
additionjal impact test specimens shall be taken from the weld metal and HAZ that include each proces
and typ¢ of covering and fluxes.

[72)

7.4.5 Hardness testing

Vickers |hardness testing withy a load of HV 10 shall be performed in accordance with ISO 9015-1.
Hardnegs measurements shall be taken in the weld, the heat affected zones and the parent metal i
order to|evaluate the range of hardness values across the welded joint.

=

j=ni

For weld thicknessesdess than or equal to 5 mm, only one row of indentations shall be made at a dept
of up to P mm below the upper surface of the welded joint.

For weld thickitesses over 5 mm, one row of indentation from each side shall be made at a depth of up t
2 mm frpm-the surface.

[=}

For double sided welds, one additional row of indentations shall be made through the root area.
Examples of typical indentation patterns are given in ISO 9015-1.

Where more than one welding process is used, each welding process has to be tested by at least one row
of indentation.

For each row of indentation at least three individual indentations shall be made in each of the
following areas:

— the weld;

— both heat affected zones;
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— both parent metals.

For the HAZ, the first indentation shall be placed as close to the fusion line as possible.

ISO 15614-1:2017(E)

The results from the hardness test shall meet the requirements given in Table 3. However, requirements
for groups 6 (non-heat treated), 7, 10 and 11 and any dissimilar metal joints shall be specified prior to

testing.
Table 3 — Permitted maximum hardness values (HV 10)
Steel groups
Non-heat treated Heat treated
ISO/TR 15608
1a,2b 380 320
3b 450 380
4,5 380¢ 350¢
6 — 350
9.1 350 300
9.2 450 350
9.3 450 350
If hardness tests are required.
For steels with min Reyg > 890 MPa, special values shall be specified\*
For certain materials, higher values may be accepted, if specifieddefore the welding procedure test.

~1

.5 Acceptance levels

)

The acceptance levels for imperfections corresponding to level 1 and level 2 are given in Table 4.

NOTE The correlation between the qualitylevels of ISO 5817 and the acceptance levels of the diffefent NDT
techniques is given in ISO 17635.
Table 4/— Acceptance levels for imperfections
IS0 5817 | ISO 6520-1 Designation Level 1 Level 2
Ref. no. Ref. no. Quality level
to ISQ 5817
1.1 100 Crack Not permitted B (not
perntitted)
1.5 401 Lack of fusion (incomplete fusion) Not permitted B (not
permitted)
1.6 4021 Incomplete root penetration Not permitted B (not
permitted)
L7 5011 Continuous undercut No specific N
5012 Intermittentundercut requirements B
1.9 502 Excess weld metal (butt weld) No specific C
requirements
1.10 503 Excessive convexity (fillet weld) No specific C
requirements
1.11 504 Excess penetration No specific C
requirements
1.12 505 Incorrect weld toe No specific C
requirements
a  Ifrequired by the application standard or specified, micro crack sensitive materials may need specific examination.

© IS0 2017 - All rights reserved
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Table 4 (continued)
IS0 5817 | IS0 6520-1 Designation Level 1 Level 2
Ref. no. Ref. no. Quality level
to ISO 5817
1.16 512 Excessive asymmetry of fillet weld (excessive h <3 mm B
unequal leg length)
1.21 5214 Excessive throat thickness No specific C
requirements
— — Atrother-imperfections No-spercific B
requirements
a  Ifrequired by the application standard or specified, micro crack sensitive materials may need specific examination.

7.6 Re-testing

If the tept piece fails to comply with any of the requirements for NDT, one further test piece shall be
welded fnd subjected to the same examination. If this additional test piece doesmot comply with thie
requireents, the welding procedure test has failed. Alternatively, an analysis may be performefd
to determine the main cause of the defect. If it is established that the main cause of failure is nqt
procedulre-related and due to insufficient welder's skill, no additional testiece is needed and a report
of the eyfidence shall be added to the report.

If any tejst specimen required by Table 1 or Table 2 fails to meet thedpplicable acceptance criteria, t
test piede shall be considered as failed. In the case of failure of the‘test piece, a new test piece with t
same we¢lding parameters may be welded. If all destructive tests'provide acceptable test results and
macro section test failed, two additional test specimens for finacro section test can be taken.

In the dase of failure of any destructive test specimen, /except for macroscopic examination, twj
additionjal test specimens may be removed from the original test piece for each test specimen that faile
if adequpte material is available. The test specimensshall be taken as close as possible to the origing
specimejn location. '

— 2 O

Each addlitional test specimen shall be subjeeted to the same tests as the initial test specimen that failed.
If any of|the additional test specimens donet comply with the requirements, the welding procedure tes
shall be considered failed. (

(s

For hardness tests, if there are single hardness values in different test zones above the values indicatefd
in Table|3, an additional row of indentation may be carried out (on the reverse of the specimen or aftdr
sufficient preparation of the(tested surfaces). None of the additional hardness values shall exceed the
maximum hardness values given in Table 3.

For impact tests, where.the results from a set of three specimens do not comply with the requirements,
with nof more thamene value lower than 70 % of the specified minimum average value, three additiongl
specimens shallbe taken. The new set of three specimens shall comply with the requirement of 7.4.4
and the javerage value of these specimens together with the initial results shall not be lower than thie
required average.

8 Range of qualification

8.1 General

Changes outside of the ranges specified shall require a new welding procedure test.

8.2 Related to the manufacturer

A welding procedure test according to this document prepared by a manufacturer is valid for welding
in workshops or sites when the manufacturer who performed the welding procedure test retains
complete responsibility for all welding carried out to it.
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8.3 Related to the parent material
8.3.1 Parent material grouping

8.3.1.1 General

In order to minimize the number of welding procedure tests, steels, nickel and nickel alloys are grouped
according to ISO/TR 15608. Where materials are assigned to groups by ISO/TR 20172, ISO/TR 20173 or
ISO/TR 20174, those assignments shall be used.

Separate welding procedure qualifications are required for each parent material or parent material
dombinations not covered by the grouping system according to ISO/TR 20172, ISO/TR 20173,
50/TR 20174 or ISO/TR 15608.

Y

Hermanent backing material shall be considered as a parent metal within the approval (sub-)gioup.

4.3.1.2 Steels

The ranges of qualification are given in Table 5.

§.3.1.3 Nickel alloys

—

he ranges of qualification are given in Table 6.

§.3.1.4 Dissimilar joints between steels and nickelalloys

—]

he ranges of qualification are given in Table 6.

Table 5 — Range of qualification for steel groups and sub-groupsab.c

Test piece Test piece material B
material A| 2 3 4 5 6 7 8 9 10 11
1 1-1 = N \\V— = = = = = = =
et
1-1 Y
2 Mg S
2-1 3
2-2
1-1
1-1
2-1
11 2-1
2-2
3 2-1 2-2 — — — — — — — —
3-1
3-1 3-1
3-2
3-2
3-3
4-1
a1 | | a2
4 4-1 42 4-2 4-3 — — — — — — —
4-3 4-4
a  Test piece materials in groups 1, 2, 3 and 11 qualify the equal or lower specified minimum yield strength steels
(independent of the material thickness).
b Test piece materials in groups 4, 5, 6, 8 and 9 qualify steels in the same sub-group and any lower sub-group within the
same group.
¢ Test piece materials in groups 7 and 10 qualify steels in the same sub-group.
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Table 5 (continued)
Test piece Test piece material B
material A 1 2 3 4 5
5-1
5 51 | 5-2 5-3 5-4 5-2
5-5
6-1
6-1
6-1 6-2
6-1 6-2
6 6-1 6-2 6-3
6-2 6-3
6-3 6-4
6-4
6-5
7-1
7-1
7 7-1 7-2 7-4 7-5
7-2 3
8-1
8-1 8-2
8 81 | o1 | 82 | B4 | B84
8-3 8-5
8-6
9-1
9-1
9 9-1 9-2 9-4 9-5
9-2
9-3
10-1.3]
101 | 101 33
10 10-1 10-2 | 10-4
10-2 | O10-
103 CoF 105
N 10-6
111 AN
11 | €)O 114 | 115
-1 1 112 ;

a  Test|piece materials in ~f)s 1, 2, 3 and 11 qualify the equal or lower specified minimum yield strength steel}
(indepenflent of the matet@ ickness).

b Test piece materi groups 4, 5, 6, 8 and 9 qualify steels in the same sub-group and any lower sub-group within th¢
same grojup.
¢ Testpiece rials in groups 7 and 10 qualify steels in the same sub-group.

\)

)
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Table 6 — Range of qualification for nickel alloy and nickel alloy/steel groups

Test piece Test piece material B
material A 41 42 43 44 45 46 47 48
41 41c-41 = — = = = = =
42 42¢-41 42c-42 = = = = = —
43¢-43
43 43c-41 43c-42 45¢c-45 = = = = ==
47¢-47
44 44c-41 44c-42 44c-43 44c-44 = = = k’\ =
N
45¢-45 Q
45 45c-41 45¢-42 45c-43 45¢c-44 43c-43 = - ,\'(]V =
46 46¢-41 46¢-42 46¢-43 46¢-44 46¢-45 46¢-46 o) - =
47¢c-47
47 47¢-41 47¢-42 47¢-43 47¢-44 47¢-45 47¢-46 43c-43 =
45c-45
48 48¢c-41 48¢-42 48¢-43 48c-44 48¢-45 48¢-46 48¢-47 48c-48
1 41c-1 42¢-1 43c-1 44c-1 45¢-1 46¢-1 47¢-1 48c-1
2 4]c-2a 42c-2a 43c-2a 44c-2a 45c-2a 46¢-2a 47c-2a 48c-2a
471c-1 42¢-1 43c-1 44c-1 45g=1 46¢-1 47¢-1 48c-1
41c-3a 42c¢-3a 43c-3a 44c-3a 45¢-3a 46¢-32 47c-3a 48c-3a
3 471c-2 42¢c-2 43c-2 44c-2 45¢-2 46¢-2 47c¢-2 48¢-2
47c-1 42¢-1 43c-1 44c-1 45¢c-1 46¢-1 47¢-1 48¢c-1
471c-5b 42¢c-5b 43c-5b 44.c5b 45¢-5b 4.6¢-5b 47¢-5b 4.§c-5b
41¢-6 42¢-6 43¢-6 440-6 45¢-6 46¢-6 47¢-6 4Bc-6
5 4]1c-4 42c-4 43c-4 44c-4 45¢-4 46¢-4 47¢-4 4Bc-4
471c-2 42¢-2 43¢-2 {8V 44c-2 45¢c-2 46¢-2 47¢-2 4{8¢-2
41c¢-1 42c-1 43c¢-1\¢ 44c-1 45¢c-1 46¢-1 47¢-1 48¢-1
4]1c-6b 42¢-6b 436D 44c-6b 45¢-6b 46¢-6b 47c-6b 48c-6b
6 41c-4 42¢c-4 43c-4 44c-4 45¢c-4 46¢-4 47¢-4 4Bc-4
41c-2 42¢c-2 43c-2 44c-2 45¢c-2 46¢-2 47¢-2 4{8¢-2
41c-1 42¢-1 ) 43c-1 44c-1 45¢c-1 46¢-1 47¢-1 48c-1
8 471c-8b 42C:8b 43c-8b 44c-8b 45c-8 b 46¢-8b 47c-8b 4$C-8b
11 41c-11 42c-11 43c-11 44c-11 45c¢-11 46¢-11 47¢-11 48c-11
Covers the equal or lowerspecified yield strength steels of the same group.
Covers steels in the_same sub-group and any lower sub-group within the same group.
For groups 41 t048, a procedure test carried out with a solid solution or precipitation hardening alloy in a gropp covers
1l solid solution-0x, precipitation hardening alloys, respectively, in the same group.
§.3.2 Material thickness
§4.3:21 General

Limits of qualification of both the parent material and deposited metal shall be as shown in Tables 7
and 8. The deposited metal limits qualified shall not be exceeded in production welds except that the
fillet weld thickness shall not be considered.

Both parts of the parent material to be welded shall be within the limits of thickness qualified, except
that for dissimilar thickness parent materials there is no limit on the thickest part provided the
qualification was performed on parent material of 30 mm or greater.

For multi-process qualification, the recorded thickness of the deposited metal of each process shall be
used as a basis for the range of qualification for the individual welding process.
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It is not intended that deposited metal thickness or base metal thickness or outside pipe diameters
should be measured precisely, but rather the general philosophy behind the values given in Tables 7, 8

and 9 sh

ould be applied.

8.3.2.2 Range of qualification for butt joints, T- joints, branch connections and fillet welds

The qualification of a welding procedure test on thickness t shall include qualification for thickness in
the following ranges given in Table 7 and Table 8.

For leve

1: Any huttweld or fillet vweld tests

Eorlevel 2- The r:\ngn of qna]ifir‘afinn of Fi”at weld S

qualify 4

For prog
greater
metal th

When in

esses 114, 12 and 13 in which any pass is
rhan 13 mm thick, the maximum parent
ickness qualified shall be 1,1 ¢.

\pact testing is a requirement, the

followinjg applies:

— fort
minimu
— fort
minimu
the test
— fort

the mini
thickned

Taljle 7 — Range of qualification for butt welds'material thickness and deposited metal
thickness

pst pieces 16 mm thick or greater, the
m thickness qualified is 16 mm;

est pieces less than 16 mm thick, the
 thickness qualified is the thickness of
piece;

bst piece thicknesses 6 mm and thinner,
mum thickness qualified is 0,5 times the
s of the test piece.

11 fillet sizes and all material thicknesses.

qualified by a full penetration butt weld or fillet
weld test is given in Table 8.

)

Dimensions in millimetre$

Range of qualification
Tltléglt(; ;:escseof Parent matekial thickness Deposited weld metal thickness for
4 Level 1 . Level 2 each process
Single run | Multi-run s
tg3 0,5tto2¢t max. 2 s
3<tk12 1,5to2t {“0;5¢ (3 min)to 1,3 ¢ 3to2ta max. 2 sa
12 <4< 20 5to 2t 0,5ttol,1t¢t 0,5tto2t max.2s
20<4<40 5 to/2-t 0,5ttol,1¢t 0,5tto2t max. 2 s when s < 20
max. 2 t when s = 20
40 <tk 100 5to 200 — 0,5tto2t max. 2 s when s < 20
max. 200 when s = 20
100 <t<150 | 5to 200 — 50to2¢t max. 2 swhens <20
max. 300 when s = 20
t>150 5to1,33¢t — 50to2¢t max. 2 s when s <20
max. 1,33 t when s = 20
a  Forlevel 2: when impact requirements are specified but impact tests have not been performed, the maximum thickness
of qualification is limited to 12 mm.

20
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Table 8 — For level 2: Range of qualification for material thickness and throat thickness of
fillet welds

Dimensions in millimetres

) ) Range of qualification
Thickness of test piece . _ Throat thickness
t Material thicknessa . .
Single run Multi-run
t<3 0,7tto2t 0,75ato 1,5a No restriction
F<t<36 3te2+t
t=30 >5

the deposited weld metal.

alculated separately.

Where a fillet weld is qualified by means of a butt weld test, the throat thickness range shall be based ofijthe thickness of

NOTE a is the nominal throat thickness as specified in pWPS for the test piece.

In case of different material thicknesses, the range of qualification of both thicknesses of the test pieced

shall be

4.3.3

or level 1: The diameter is not an essential
ariable. Any product form, i.e. plate, pipe,
brging or casting, qualifies for all product
DIrms.

_ = < e

J/

Diameter of pipes and branch connections

For level 2: The qualification of a welding proce-
dure test on diameter D shall include qualifcation
for diameters'in the following ranges given|in
Table 9

A butt weld qualification for pipes covers bjitt
welds in plates. Qualification given for platgs
also covers pipes when the outside diametdr is
>500 mm or when the outside diameter is 3150 mm
welded in the PC, in PF rotated position or in PA
rotated position.

Table 9 — For level 2: Range ¢f qualification for pipe and branch connection diametgrs

Dimensions in millimetres

Diameter ofthe test
piece

Range of qualification

D

>0,5D

onnection (seeBigure 4, outside diameter Dy).

NOTE 1 For hollow section other than circular (for example, elliptic), D is the dimension of the smaller side.

NOTE 2 D is the“outside diameter for the pipe of a butt weld or the outside diameter of the branch pipe for|a branch

§.3.4 -Angle of branch connection

Horlevel 1: The angle of branch connection is not

ccaontial vyaria

For level 2: A welding procedure test shall be car-

antaon o hirano oannaction azit

© IS0 2017 - All rights reserved

ried-euteonabrancheonnectionwithangle'a (see
Figure 4). A test piece made with a branch angle
(a) between 60° and 90° in the procedure test
qualifies the angle 60° < @ < 90°. An angle a < 60°
requires a separate test piece and qualifies angles
from a up to 90°.
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8.4 Common to all welding procedures

8.4.1 Welding processes

For level 1: The degree of mechanization is notan For level 2: Each degree of mechanization shall be

essentia

1 variable. qualified independently (manual, partly mecha-
nized, fully mechanized and automatic).

The qualification is only valid for the welding process(es) used in the welding procedure test.

For mul
welding

as a multi-process procedure test.

For leve
consum
process
or in dif]
a) t
and con
b) 1
thickned

consum
thicknes

8.4.2 |Welding positions

When n¢
(pipe or

For qualiification of all welding positions, the\following requirements shall be fulfilled:

— spe
— spe

To satis
require(
qualificd
visual tq

Vertical
For matd

NOTE

[i-process procedures, the welding procedure qualification may be carried out with separat]
procedure tests for each welding process. It is also possible to make the welding procedure tes

—~+ O

1: Where more than one process or For level 2: When the test piece is welded with
hble are used in a single test piece, each more than one welding process, the procedure is
and consumable may be used individually valid only for the sequence of processes used on
Ferent combinations, provided: the test piece. Test specimens;shall include deposit
ed material from each welding process used.

he variables associated with each process
sumable are addressed in the pWPS; Back run is permitted Gsitig one of the welding
processes used in the qualification.

he parent material and deposited metal

s limits of Table 7 for each process and If a single process/of a multi-process qualification is
hble are restricted in the pWPS to the used in production, this single process shall be test-
s limits qualified. ed individually in accordance with the standard.

bither impact nor hardness requirements are’specified, welding of the test piece in any positiop
plate) qualifies for welding in all positions-(pipe or plate).

fimens for impact test shall be taken from the weld in the highest heat input position;
fimens for hardness test shallibe taken from the weld in the lowest heat input position.

v both hardness and impact requirements, two test pieces in different welding positions are
|, unless a single position qualification is required or in case of when a fixed pipe is used for thie
tion. Where qualifieation is required for all positions, both test pieces shall be subjected to full
sting and furthernon-destructive methods.

down welding (welding positions PG, PJ and J-L.045) shall be qualified by a specific test piece.

rial f group 10, the lowest and highest heat input positions shall be subjected to impact testing

CAS

For example, for butt welds in plate, the highest heat input position is normally PF and PA and thle

lowest h

22

arimput position is PCamd PE:
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8.4.3 Type of joint/weld

For level 1: The range of qualification for the type

(0]
C

f welded joints is as used in the welding pro-
edure test subject to limitations given in other

clauses (e.g. thickness) and additionally:

a) full penetration butt welds qualify full and
partial penetration butt welds and fillet welds in

a

ny type of joints;

ISO 15614-1:2

For level 2: The range of qualification for th

017(E)

e type

of welded joints is as used in the welding pro-
cedure test subject to limitations given in other

clauses (e.g. thickness) and additionally:

a) butt welds qualify full and partial penet

ration

butt welds and fillet welds, while fillet weld tests
are required where T-joints are performed by fillet

s

< 0 Q. O

) buttjoints qualify any branch connections;
fillet welds qualify fillet welding only;

) welds made from one side without backing
ualify welds made from both sides and welds
Uith backing;

welds made with backing qualify welds made
Fom both sides and welds made without backing;

welds made from both sides without gouging
ualify welds made from both sides with gouging;

) welds made from both sides with or without

qQ o = " o

< = v —-

ouging qualify welds made from one side with
acking;

when impact or hardness requirements apply,
is not permitted to change a multi-run deposit
nto a single run deposit (or single run on each
ide) or vice versa for a given process;

build-up welding. Build up is qualified by butt
reld test piece.

welds or partial penetration butt welds 1n the pre-

dominant form of welded connections in
relation to the design and productionyweldi

b) full penetration butt welds qualify full
partial penetration butt welds\and fillet we
any type of joints;

c) buttjoints in pipe qualify branch conne
with an angle a = 60? {see Figure 4 for a);

d) butt welds in T-joints with full penetrat]
qualify full and partial penetration butt we
T-joints and fillet welds but not vice versa;

e) filletwelds qualify fillet welding only;

f) welds made from one side without back
qualify welds made from both sides and we
backing;

g) welds made with backing qualify welds
from both sides;

h) welds made from both sides without rej
the root qualify welds made from both side
removing the root (except thermal gouging

i) welds made from both sides with or wit
gouging qualify welds made from one side
backing;

j) when impact or hardness requirements
is not permitted to change a multi-run depd
a single run deposit (or single run on each 3
vice versa for a given process;

k) build-up welding. Build up is qualified b
weld test piece;

1) buttering shall be performed by a separ
piece in combination with the butt weld.

ng;
nd

Ids in
rtions
ion

Ids in
ng

Ids with

made

moving
s with

-~

hout
with

apply, it
sit into
ide) or

y butt

hte test

© IS0 2017 - All rights reserved

23


https://standardsiso.com/api/?name=44cf06825703f96de3b76a9cd05de443

ISO 15614-1:2017(E)

8.4.4 Filler material, manufacturer/trade nam

For level 1: A change from one filler metal
F-number as shown in Table A.1 to another or a
change in the weld metal chemical analysis from
one A-number shown in Table A.2 to another or
a change in the manufacturer or the manufactur-
er’s trade name when the filler metal does not
conform to an F-number and an A-number

e, designation

For level 2: Filler materials cover other filler
materials as long as, according to the designation
in the appropriate international standard for the
filler material, they have equivalent mechanical
properties, same type of covering or flux core,
same nominal chemical composition and the same
or lower hydrogen content.

requires-a-separate-qualification.

When tH
applicat
tion wit
metal nq
or from
metal sy
not cove
requires
conform

e WPS is to be qualified for impact-tested
ons, a change in the filler metal classifica-
nin a filler metal specification or to a filler
t covered by a filler metal specification,
pne filler metal not covered by a filler
ecification to another filler metal that is
red by a filler metal specification,
are-qualification. When a filler metal
s to a filler metal classification within a
filler mgtal specification, re-qualification is not
required if a change is made in any of the
followinig:

a) fromla filler metal that is designated as
moisturp-resistant to one that is not designated
as moistjure-resistant and vice versa;

b) from

c) forc
metals I
and the
change f
another

d) fron
another

one diffusible hydrogen level to another;

hrbon, low alloy, and stainless steel filler
aving the same minimum tensile strength
same nominal chemical composition, a
rom one low hydrogen coating type to
low hydrogen coating type;

one position-usability designation to
for flux-cored electrodes;

e) from|a classification that requires impact
testing o the same classification-which has a suffix
which indicates that impacttesting was per-
formed at a lower temperatute or exhibited greater
toughness at the requiredtemperature or both,

as comppred to the classification which was used
during grocedure-qualification; from the classifi-
cation gpalified-to‘another filler metal within the
same filler metal specification when weld metal
impact testing is not required by the application

When 1impact testing 1s required by the
application standard at temperatures less than
-20 °C, for processes 111, 114, 12, 136 and 132
according to ISO 4063, the range of validity i$
restricted to the manufacturer trade name of the
filler material used in the procedure‘test. In this
case, it is also permissible to change the manufac-
turer of filler material to another'with the same
compulsory part of the desigiation provided one
additional test piece is welded using the maximum
heat input qualified and-only weld metal impact
test specimens shallbetested. This does not apply
to solid wire and rods with the same designation
and nominal chethical compositions.

standards:

8.4.5 Filler material size
It is permitted to change the size of filler material p

NOTE When neither impact nor hardness testing is
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rovided that the requirements of 8.4.7 are satisfied.

required, there is no limitation on filler material size.
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8.4.6 Type of current

The qualification is given for the type of current [alternating current (AC), direct current (DC), pulsed
current] and polarity used in the welding procedure test. For process 111, alternating current also
qualifies direct current (both polarities) unless impact testing is required.

8.4.7 Heatinput (arc energy)

The heat input can be replaced by arc energy (J/mm). The arc energy shall be calculated in accordance
waith IQﬂI/TD 18491 When ncing the calculation for the heat inpnf’ the lfactor acco dlng to

IBO/TR 17671-1 shall be considered. The kind of calculation, either heat input or arc energy,|shall be
documented.

Hor level 1: When impact requirements apply, the For level 2: When impact requiremerits apply, the

pper limit of heat input qualified is the maximum upper limit of the heat input qualified is 25 %

eat input used when welding the test piece. greater than used in welding-the test piece{When
hardness requirements apply, the lower linlit of the
heat input qualified is,25)% lower than thaf used
in welding the test piece. If welding procedire test
has been performed at both a high and a loy heat
input level, therrall intermediate heat input|levels
are also qualified. It is not necessary to calqulate
every rury

oo il et

Hor covered electrode, the heat input average shall bescalculated for each used diameter in prder to
efine the qualified heat input.

QO

or process 111, the heat input may also be measuted by the run out length per unit length of electrode.

When the welding time is too short and when'the length of the weld is not significant (e.g. for small
repair, for tack welds), the heat input need-1ot to be verified; only the adjustable parameters should be
dhecked like amperage and/or voltage.

rc energy and heat input are measutes of the heat generated by the arc. Whereas, in the papt, these
Vere different terms for the same.measure, they are now calculated in different ways. Either arf energy
r heat input may be used for welding control, calculated in accordance with ISO/TR 18491.

o < o

0

4.8 Preheat temperature

decrease of more'than 50 °C from the recorded preheating temperature on the WPQR requifes a re-
ualification.

decrease of the preheating temperature is permitted only if the requirements concerning preheating
pspeciallyy the combined thickness) are fulfilled, e.g. ISO/TR 17671-2.

he pre-heat temperature may be specified, e.g. by a material data sheet, and will depend on the
hdterial thickness.

= = [omlie >SN o Nl

8.4.9 Interpass temperature

An increase of more than 50 °C in the maximum interpass temperature reached in the welding
procedure test shall require re-qualification.

An increased preheat temperature intentionally applied during welding of the capping passes to reduce
hardness in HAZ of a welding procedure test shall be considered as an essential variable. Both minimum
preheat temperature applied and the preheating temperatures applied during welding of the capping
passes shall be reported.
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For level 1: This limitation does not apply when  For level 2: The upper limit of the qualification is
impact test is not required. the highest interpass temperature reached in the

welding procedure test for material groups 8, 10
and 41 to 48.

This limitation does not apply when a WPS qualified with a PWHT above the upper transformation

tempera

ture or when an austenitic material is solution annealed after welding.

8.4.10 Post-heating for hydrogen release

For leve
notane

8.4.11
Additior
A separd

a) For
app

1y
2)
3)

4)

For
pro
hold

b) For
8.5 Sj

8.5.1

A chang

1: Post-heating for hydrogen release is For level 2: The temperature and duration of
ssential variable. post-heating for hydrogen release shall notbe
reduced. Post-heating shall not be omitted, but may
be added.

Heat-treatment
or deletion of post-weld heat-treatment is not permitted.
te procedure qualification is required for each of the following conditions:

[SO/TR 15608 groups 1, 2, 3,4, 5,6, 7,9, 10 and 11 materials, ‘the following PWHT conditionis
y:

PWHT below the lower transformation temperature (e:g. stress relieving);
PWHT above the upper transformation temperatuge (e.g. normalizing);

PWHT above the upper transformation temperature followed by heat treatment below the
lower transformation temperature (e.g. norimalizing or quenching followed by tempering);

PWHT between the upper and lower transformation temperatures.

level 2: The temperature rangesvalidated is the holding temperature used in the weldin
fedure test + 20 °C unless otherwise specified. Where required, heating rates, cooling rates an
ing time shall be related to_the product.

=00

a1l other materials, PWHTwithin a specified temperature range applies.
Jecific to processes

Submerged@rc¢ welding (process 12)

b as desceribed below requires a re-qualification.

26
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For level 1: For level 2:

a) A change in the minimum tensile strength a) Each variant of process 12 (121 to 126) shall be
when the flux/wire combination is classified in qualified independently. Any change in the number
filler metal specification. A change in either the of electrodes requires re-qualification. Any addition
flux trade name or wire trade name when neither or deletion of wires (cold wire or hot wire) shall

the flux nor the wire is classified. A change in the require re-qualification. Also, a change of more

flux trade name when the wire is classified but the than *10 % of the ratio of the supplementary filler

flux is not. material to the electrode requires re-qualification.
) Achanagain tbhao flity b Ao o n Lo A N QO Ly Thao g lifiaots e Ol n sl i o e~ P2 | nre
) X \'llulls\' IIT LIIC TITUA LT AUL 1TIAdIIIC IV 7Y IVU. U LIJ L IIC quullll\,u\-l\lll A" SN 9 y =) VV\'lMllls }Jl \vAwawavy

dr 9 deposits, as shown in Table A.2. testis restricted to manufacturer, trade name and

If the weld metal alloy content is dependent designation of the flux used in the test.

C
ypon the composition of the flux, any change in ¢) When flux from re-crushed slag.isused,each
the welding procedure which would result in the batch or blend requires a new qualification|test.
important weld metal alloying elements being
dutside the specified chemical composition range
df the WPS.

d) An addition or deletion of supplementary
filler metal (powder or wire), or a change of more
than 10 % in the ratio of electrode to supplemen-
tpl filler material.

A change in flux type (i.e. neutral to active or
ice versa) for multi-run welds for material groups
and 11 according to ISO/TR 15608.

é
V
1
f) When flux from re-crushed slag is used, each
Hatch or blend shall be tested in accordance with
the filler metal specification requirements by
dither the manufacturer or user, or qualified.as an
unclassified flux as required by a).

) When the WPS is to be qualified fofim-
act-tested applications, re-qualification is re-
uired if there is a change in the flux/wire classi-
cation or a change in either the electrode or flux
Fade name when not classified in a filler metal
pecification. Re-qualifi¢ation is not required

rhen a wire/flux combination conforms to a filler
netal specification.afid a change is made from one
iffusible hydrogen level to another. This variable
oes not apply)ywhen the weld metal is exempt from
mpact testing'by other application standards.

oo 0 < W\ o o T g

§.5.2 Y Gas-shielded metal arc welding (process 13)

8.5.2.1 Shielding gases

The qualification is restricted to nominal composition of the shielding gas used in the procedure
test. The designation of ISO 14175 may be used to specify the shielding gas composition, e.g.
ISO 14175:2008-M21-ArC-18.

A deviation of max. #20 % (relative) of the nominal composition of the CO; content is allowed.

However, an intentional addition or deletion of maximum 0,1 % of any gas component does not require
a new welding procedure test.
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8.5.2.2

Process variants

A change as described below requires a re-qualification.

For level 1: The addition, deletion, or change of For level 2: The qualification given is restricted
more than 10 % in the volume of supplemental to the wire system used in the welding procedure
filler metal. Where the alloy content of the weld test (e.g. single-wire or multiple-wire system).
metal is largely dependent upon the composition of

the supplemental filler metal, any change in any part
of the welding procedure that would result in the

importa|nt alloying elements in the weld metal being

outside
in the w

When th
applicat
change f
acting iy

8.5.2.3

8.5.2.3.

For solidl and metal cored wires, the qualification using short citcuiting transfer qualifies only shor

circuitin
globular
8.5.2.3.]

When 3
manufaq
informa

Change
wavefor

8.5.2.3.]

When a
shall be

Change
qualificd

8.5.2.3 4

bf the specification range of chemistry given
blding procedure specification.

e WPS is to be qualified for impact-tested
ons, re-qualification is required if there is a

rom single electrode to multiple electrode
the same weld pool or vice versa.

Transfer mode

|  General

jSFares

g transfer. Qualification using spray, pulse or globular transfer qualifies spray, pulse an
transfer.

P For level 2 — Waveform controlled welding

power source with waveform control\(see ISO/TR 18491) is used, the power sourd
turer and waveform control mode shallbe recorded on the WPQR including all other pertiner
fion.

—+ D

from one manufacturer to angther manufacturer of the power source or a change in thie
m control mode requires a new qualification test.

8 For level 2 — Welding-with pulsed mode (without waveform control)

power source with-pulsed mode is used, the identification of the power source manufacturgr
recorded on the WPQR including all pertinent information.

from one manufacturer to another manufacturer of the power source does not require a ney
tion test.

} _Forlevel 2 — Welding without pulsed mode and without waveform control

When t

nnnnnnnnnnnnnnnnnn d ta o6, o AJDAD Lo bhany s ond gt ot o foey Aol

13 PUOWLET SUUTCC—OaSsTO— CO \.lucull_y a—vvi QI%c Iras OCCIT oSttt Wbttt waverotrin COTICT UT; &

identification of the power source manufacturer is required.

Change from one manufacturer to another manufacturer of the power source does not require a new
qualification test.
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8.5.3 Gas-shielded arc welding with non-consumable electrode (process 14)

8.5.3.1 Shielding gases

The qualification is restricted to nominal composition of the shielding gas used in the procedure test. The
designation of ISO 14175 may be used to specify the shielding gas composition, e.g. ISO 14175:2008-13-
ArHe-30.

A deviation of max. 10 % (relative) of the nominal composition of the helium content is allowed.

However, an intentional addition or deletion of maximum 0,1 % of any gas component does rnof require
new welding procedure test.

jo5)

8.5.3.2 Filler material

<

Velding with filler material does not qualify for welding without filler material ek Vice versa.

§.5.4 Plasma arc welding (process 15)

ualification of the welding procedure is restricted to the nominal composition of plasma gas used
h the welding procedure test. The qualification is restricted to nominal composition of the ghielding
as used in the procedure test. Welding with filler material doestnot qualify for welding with¢ut filler
haterial or vice versa.

S 09 =0

p—

Fimpact tests are required, a change in the type of joint preparation (groove) requires a re-qualification.

8.5.5 Oxy-acetylene welding (process 311)

Welding with filler material does not qualify fonnwelding without filler material or vice versa.
8.5.6 Backing gas
Hor level 1: For material groups 7.1 and41 to 48, For level 2: A butt weld procedure test madg
deletion of backing gas or changesinithe backing  without backing gas qualifies a welding prqcedure
gas nominal composition from an inert gas to with group I, N1, N2 and N3 backing gas ac¢ording
amixture including non-inert.gas(es) requires to ISO 14175, but not vice versa.
re-qualification. For material groups 7.1 and 41 Main group of backing gas covers all sub-gioups of
tp 48, addition of backing-gas does not require the same main A

e . group (classification according to
re-qualification. For-allother material groups, 1SO 14175)
the addition or deletion of backing gas does not '
require re-qualification. For material groups 1 to 6 according to ISO

TR 15608, a change between group I, N1, NE and
N3 backing gas does not require re-qualification.

For material groups 8 and 41 to 48, a change
between group [, N and R backing gas doesnot
require re-qualification.

Any change in the backing gas classification for
material groups 7 and 10 requires re-qualification.

If production welds are made on material backing
support with a thickness greater than 5 mm, the
deletion of backing gas is acceptable.

9 Welding procedure qualification record (WPQR)

The WPQR is a statement of the results of assessing each test piece including re-tests. The relevant
items listed for the WPS in the relevant part of ISO 15609 shall be included, together with details of
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any features that would be rejectable by the requirements of Clause 7. If no rejectable features or
unacceptable test results are found, a WPQR detailing the welding procedure test piece results is
qualified and shall be signed and dated by the examiner or the examining body.

For level 1: A WPQR format shall be used to For level 2: A WPQR format shall be used to record

record details and level for the welding procedure details, range of qualification and level for the

and the test results, in order to facilitate uniform welding procedure and the test results, in order to

presentation and assessment of the data. facilitate uniform presentation and assessment of
the data.

If requiged by an application standard or a specification, for example, the certificates of base metals
and welgling consumables shall be added to the WPQR.

An exanpple of WPQR format is shown in Annex B.

30 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=44cf06825703f96de3b76a9cd05de443

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Preliminary welding procedure specification (pWPS)
	5 Welding procedure test
	6 Test piece
	6.1 General
	6.2 Shape and dimensions of test pieces
	6.2.1 General
	6.2.2 Butt joint in plate with full penetration
	6.2.3 Butt joint in pipe with full penetration
	6.2.4 T-joint
	6.2.5 Branch connection
	6.3 Welding of test pieces
	7 Examination and testing
	7.1 Type and extent of testing
	7.2 Location and taking of test specimens
	7.3 Non-destructive testing
	7.4 Destructive testing
	7.4.1 Transverse tensile test
	7.4.2 Bend test
	7.4.3 Macroscopic examination
	7.4.4 Impact testing
	7.4.5 Hardness testing
	7.5 Acceptance levels
	7.6 Re-testing
	8 Range of qualification
	8.1 General
	8.2 Related to the manufacturer
	8.3 Related to the parent material
	8.3.1 Parent material grouping
	8.3.2 Material thickness
	8.3.3 Diameter of pipes and branch connections
	8.3.4 Angle of branch connection
	8.4 Common to all welding procedures
	8.4.1 Welding processes
	8.4.2 Welding positions
	8.4.3 Type of joint/weld
	8.4.4 Filler material, manufacturer/trade name, designation
	8.4.5 Filler material size
	8.4.6 Type of current
	8.4.7 Heat input (arc energy)
	8.4.8 Preheat temperature
	8.4.9 Interpass temperature
	8.4.10 Post-heating for hydrogen release
	8.4.11 Heat-treatment
	8.5 Specific to processes
	8.5.1 Submerged arc welding (process 12)
	8.5.2 Gas-shielded metal arc welding (process 13)
	8.5.3 Gas-shielded arc welding with non-consumable electrode (process 14)
	8.5.4 Plasma arc welding (process 15)
	8.5.5 Oxy-acetylene welding (process 311)
	8.5.6 Backing gas
	9 Welding procedure qualification record (WPQR)
	Annex A (normative)  Filler material, designation
	Annex B (informative)  Welding procedure qualification record form (WPQR)
	Bibliography



